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Chairman’s	Note

Medical	knowledge	is	increasing	at	an	exponential	rate,	and	physicians	are	being
bombarded	with	new	 information	at	a	pace	 that	many	 find	overwhelming.	The
Washington	Manual®	Subspecialty	Consult	Series	was	developed	in	this	context
for	interns,	residents,	medical	students,	and	other	practitioners	in	need	of	readily
accessible	 practical	 clinical	 information.	 This	 manual,	 therefore,	 provides	 an
important	resource	in	an	era	of	information	overload.

I	would	like	to	acknowledge	the	authors	and	editors	who	have	contributed	to
this	 book,	 in	 particular,	 the	 manual’s	 editor,	 Thomas	M.	 Ciesielski,	 MD,	 and
series	 editor,	 Thomas	 M.	 De	 Fer,	 MD.	 I’d	 also	 like	 to	 recognize	 Melvin
Blanchard,	MD,	Chief	of	the	Division	of	Medical	Education	in	the	Department
of	Medicine	at	Washington	University,	for	his	guidance	and	advice.

The	efforts	and	outstanding	skill	of	the	lead	authors	are	evident	in	the	quality
of	 the	 final	 product.	 I	 am	 confident	 that	 this	 series,	 including	 the	 General
Internal	 Medicine	 Consult,	 will	 meet	 its	 desired	 goal	 of	 providing	 practical
knowledge	that	can	be	directly	applied	to	improving	patient	care.

Victoria	Fraser,	MD
Adolphus	Busch	Professor	of	Medicine
Chairman	of	Medicine
Washington	University	School	of	Medicine
St.	Louis,	Missouri



Preface

Iam	pleased	 to	 release	 this	 third	 edition	of	The	Washington	Manual®	General
Internal	 Medicine	 Consult.	 This	 manual	 is	 intended	 to	 be	 primarily	 used	 by
residents	who	are	called	on	 to	perform	 inpatient	consults,	 for	medical	 students
working	 on	 an	 inpatient	 medicine	 service,	 and	 for	 specialists	 seeking
information	on	the	management	of	general	medicine	issues.	The	overall	structure
has	been	maintained	from	the	last	edition;	however,	each	area	has	been	updated,
and	a	chapter	on	venous	thromboembolic	disease	has	been	added.

This	manual	is	not	an	in-depth	review	of	hospital	medicine.	It	is	not	possible
to	 address	 the	 breadth	 of	 problems	 faced	 by	 today’s	 hospitalist	 providers	 in	 a
manual	of	this	size.	The	content	area	was	chosen	based	largely	on	the	common
general	 internal	medicine	consults	requested	at	Barnes-Jewish	Hospital	and	the
Washington	University	School	of	Medicine.	This	 approach	allows	me	 to	 focus
the	 content	 within	 the	 provided	 space.	 It	 is	 a	 balance	 to	 provide	 adequate
information	 in	 a	 readable	 clinical	 text	 of	 manageable	 size.	 Hopefully,	 this
balance	has	been	achieved.

This	 manual	 is	 part	 of	 series	 of	 subspecialty	 manuals	 published	 by
Washington	 University	 and	 Lippincott	 Williams	 &	Wilkins.	 The	 chapters	 are
authored	by	residents,	 fellows,	and	faculty	at	Washington	University	School	of
Medicine.	 Some	 material	 contained	 herein	 is	 partially	 adapted	 from	 chapters
from	our	other	manuals	and	publications.

The	medical	management	 of	many	 common	problems	 remains	 an	 ongoing
area	 of	 debate	 and	 discussion.	 This	 is	 what	 allows	 our	 profession	 to	 be
progressive,	 dynamic,	 and	 exciting.	 This	 also	 means	 that	 not	 every	 physician
will	 agree	 on	management	 in	 even	 the	most	 common	 clinical	 encounters.	 The
guidelines	proposed	here	are	either	those	followed	by	our	own	clinical	services
or	 the	most	 accepted	 approaches	 to	management	 based	 on	 available	 evidence.
On	 topics	 of	 great	 debate,	 we	 have	 chosen	 to	 present	 the	 appropriate	 clinical
evidence	 and,	 when	 available,	 official	 guidelines	 advocated	 by	major	medical



organizations.	 Clinicians,	 however,	 must	 decide	 which	 evaluations	 and
interventions	are	most	appropriate.

I	 have	many	 people	 I	would	 like	 to	 thank	 for	 the	 creation	 of	 this	manual.
First,	my	department	chair,	Dr.	Victoria	Fraser,	has	been	an	incredible	role	model
in	 patient	 care,	 leadership,	 research,	 and	 education.	 My	 division	 chief,	 Dr.
Melvin	Blanchard,	has	been	instrumental	to	my	success	and	career	development.
Dr.	Tom	De	Fer	offered	exceptional	mentorship	throughout	this	process.	I	would
also	like	 to	offer	my	thanks	to	all	 the	contributing	authors	and	editors	for	 their
hard	work	and	dedication.	Katie	Sharp	has	also	been	a	wonderful	resource.

T.	M.	C.
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General	Consultative	Principles
	

Caroline	H.	Kahle	and	Gina	N.	LaRossa

INTRODUCTION
Medical	 consultation	 is,	 fundamentally,	 the	 provision	 of	 internal	 medicine
expertise	to	patients	who	are	currently	under	the	care	of	physicians	not	trained	in
internal	medicine.	While	seemingly	straightforward,	the	rendering	of	this	service
can	at	times	be	cumbersome	and	politically	difficult.	Common	problems	include
disagreements	regarding	the	relative	importance	of	the	medical	issues	compared
to	 the	 problem	 for	 which	 the	 patient	 is	 being	 treated	 by	 the	 specialist,	 poor
communication	 between	 the	 referring	 and	 consulting	 physicians,	 and	 lack	 of
comfort	 in	 addressing	 the	 medical	 illness	 in	 the	 setting	 of	 a	 concurrent
“nonmedical”	problem.	Overcoming	these	barriers	and	improving	patient	care	is
the	duty	of	the	medical	consultant.	Goldman	et	al.

1
	suggested	guiding	principles

for	 effective	 medical	 consultation	 in	 their	 “Ten	 Commandments.”	 These
concepts	form	the	basis	of	the	suggested	approach	to	consultation	that	follows.

GENERAL	PRINCIPLES

Determine	the	Question	Being	Asked
This	 is	 the	 first	and	most	 important	 task	 in	providing	any	consultative	service.
Although	 the	 issue	 may	 seem	 obvious,	 disagreement	 may	 occur	 between	 the
referring	 and	 consulting	 physicians	 regarding	 the	 clinical	 question.	 Direct
communication	 between	 the	 services	 is	 essential	 if	 this	 is	 to	 be	 successfully
avoided.	Although	 it	may	be	common	practice,	orders	 requesting	consultations
placed	 in	 the	 chart	 (and	 subsequently	 called	 by	 a	 secretary)	 should	 not	 be	 the
sole	initial	communication	between	referring	and	consulting	services.	Ideally,	the



requesting	 service	 will	 call	 directly.	 If	 not,	 it	 is	 the	 duty	 of	 the	 consultant	 to
contact	 the	 referring	 physician	 to	 discuss	 the	 clinical	 scenario	 and	 resulting
question.

Not	uncommonly,	the	clinical	question	is	initially	somewhat	vague,	and	this
is	 frequently	 a	 source	 of	 frustration	 for	 medical	 consultants.	 It	 must	 be
remembered,	however,	that	the	precise	problem	may	not	be	clear	to	the	physician
requesting	 the	 consult.	 Indeed,	 this	may	 be	 the	 very	 reason	 a	 consult	 is	 being
requested.	 Again,	 direct	 communication	 between	 the	 physicians	 involved	 is
essential	 to	 resolve	 these	 difficulties.	 A	 series	 of	 diplomatic	 questions	 by	 the
consultant	will	likely	be	useful	in	discerning	the	problem:

What	 is	 the	 problem	 for	which	 the	 patient	 is	 seeing	 you	 and	what	 is	 the
current	status	of	that	problem?
What	is	the	patient’s	medical	history	and	are	any	of	those	problems	out	of
control?
Is	the	patient	having	a	new	problem?
What	are	your	major	concerns	and	is	there	a	problem	on	which	we	should
focus?
How	can	we	best	serve	you?

On	 occasion,	 the	 requesting	 service	 will	 be	 unable	 to	 articulate	 a	 precise
question	 even	 with	 the	 above	 prompting.	 Accepting	 that	 the	 physician	 and
patient	 are	 in	 need	 of	 your	 expertise	 in	 this	 scenario	 is	 important	 to	 avoid
frustration.	An	initial	thoughtful	evaluation	of	the	patient	usually	reveals	where
the	 internist	 can	 be	 of	 assistance	 and	 where	 subsequent	 efforts	 should	 be
focused.

Periodically,	 it	 will	 be	 clear	 after	 the	 introductory	 conversation	 with	 the
referring	physician	that	the	clinical	problem	is	beyond	the	scope	of	practice	of	a
general	medical	consultant.	For	example,	if	a	patient	appears	to	be	suffering	an
ST	 segment	 elevation	myocardial	 infarction,	 there	 is	 no	 value	 to	 delaying	 the
needed	 cardiology	 consultation	 by	 first	 reviewing	 the	 case.	 Under	 these
circumstances,	 assistance	 in	 arranging	 timely	 consultation	 by	 the	 needed
subspecialist	 is	appropriate.	More	common,	however,	is	the	situation	where	the
need	and	benefit	of	a	general	medical	consult	is	unclear.	One	should	err	on	the
side	of	caution	and	evaluate	the	patient	in	this	circumstance.	This	is	much	more
likely	to	result	in	the	appropriate	decisions	being	made.



Establish	Urgency
Although	all	consults	should	be	seen	in	a	timely	fashion,	some	are	clearly	more
urgent	 than	 others.	 This	 is	 of	 particular	 importance	 with	 regard	 to	 off-hours
consultation	requests.	Emergent	consults	should,	of	course,	be	seen	emergently
without	 regard	 to	 time	 of	 day.	 Some,	 however,	 can	 clearly	 be	 deferred	 until
regular	 hours.	 Discussion	 of	 the	 patient’s	 clinical	 status	 with	 the	 requesting
service	is	typically	the	best	way	to	determine	the	proper	approach.	Appropriate
triage	can	still	be	difficult,	particularly	when	the	referring	service	is	unfamiliar
with	 the	management	of	 the	problem	for	which	 the	consult	 is	being	 requested.
Under	 these	 circumstances,	 evaluating	 the	 patient	 is	 usually	 necessary.
Regardless,	 the	 referring	 physician	 should	 be	 made	 aware	 of	 the	 time	 frame
within	which	the	consultation	can	be	expected.

There	 will	 at	 times	 be	 consults	 that	 are	 of	 relative	 urgency	 based	 on
nonclinical	 issues,	 such	 as	 surgical	 scheduling.	 While	 these	 consults	 cannot
always	 be	 provided	 in	 a	 truly	 urgent	 fashion,	 the	 consultation	 should	 be
completed	 as	 soon	 as	 feasible.	 Bear	 in	mind	 that	 it	 is	 the	 patient	who	 suffers
most	 if	 a	 surgery	 is	 canceled	 or	 a	 discharge	 delayed	 because	 a	 medical
consultation	is	still	pending.

Look	for	Yourself
The	 recommendations	 of	 a	 medical	 consult	 should	 result	 from	 a	 thorough
evaluation	of	the	patient	by	the	consultant.	It	is	the	responsibility	of	the	medical
consultant	to	independently	gather	and	review	the	relevant	clinical	information.
An	 independent	 history	 and	 physical	 examination	 should	 be	 performed,	 and
relevant	records	and	laboratory	data	should	be	reviewed	from	primary	sources.

Although	 this	 may	 be	 time	 consuming,	 important	 information	 that	 was
previously	unrecognized	can	frequently	be	obtained.	Never	rely	on	the	findings
of	 others,	 which	 may	 lead	 to	 false	 assumptions	 and	 inappropriate
recommendations.

Be	as	Brief	as	Appropriate
Overly	 long	consult	notes	with	 long-winded	 recommendations	will	be	difficult
for	 the	 referring	 service	 to	 interpret.	 This	 will	 inevitably	 lead	 to	 poor
implementation	 of	 the	 recommendations	 buried	 within	 the	 consultation.	 A



succinct	history	and	physical	 examination	with	 a	 concise	differential	diagnosis
and	clearly	marked	recommendations	will	be	easier	for	the	requesting	physician
to	follow.

Be	Specific
Although	 brevity	 is	 important,	 so	 is	 clarity	 in	 the	 recommendations	 for
management.	 Be	 certain	 that	 the	 medical	 problem	 being	 addressed	 is	 clearly
stated	and	 the	management	 recommended	exact.	 It	 should	not	be	assumed	 that
the	 referring	 physician	 will	 be	 familiar	 with	 drug	 choices	 and	 dosing,	 for
example.	 Specific	 medications	 and	 dosing	 should	 be	 delineated	 (e.g.,	 “start
carvedilol	 3.125	mg	 po	 bid”	 instead	 of	 “start	 β-blocker”).	 Similarly,	 specifics
regarding	recommended	laboratory	testing	should	be	provided.

Provide	Contingency	Plans
It	is	the	nature	of	medicine	that	initial	management	strategies	will	not	always	be
successful	 and	 that	 recommended	 testing	will	 lead	 to	 abnormal	 results.	Unless
one	wishes	to	be	called	with	every	issue	(or	worse	still,	find	that	they	have	not
been	 addressed	 until	 the	 patient	 is	 seen	 again),	 these	 situations	 should	 be
anticipated	 and	 recommendations	 for	 their	 management	 provided.	 Of	 course,
adhering	to	the	tenet	of	brevity,	not	every	eventuality	can	be	addressed.	Focus	on
those	that	are	most	likely	and	leave	contact	information	in	case	questions	arise.

Honor	Thy	Turf
As	generalists,	medical	consultants	frequently	feel	an	obligation	to	address	all	of
a	 patient’s	 issues.	 In	 the	 role	 of	 consultant,	 however,	 it	 is	 most	 important	 to
address	the	question	asked,	frequently	leaving	other,	less	important	issues	to	be
resolved	 later.	 Of	 course,	 should	 an	 urgent	 issue	 unrelated	 to	 the	 consultation
question	be	discovered,	it	is	appropriate	to	address	it.	Deciding	what	is	and	what
is	 not	 important	 to	 address,	 particularly	 with	 medical–legal	 concerns
omnipresent,	is	part	of	the	art	of	being	a	consultant.	Good	communication	with
the	primary	service	and	arranging	appropriate	follow-up	for	unaddressed	issues
will	typically	resolve	these	dilemmas.

A	related	issue	is	determining	the	extent	of	the	consultant’s	role	in	the	care
of	the	patient.	For	example,	should	the	consultant	write	orders?	Who	will	review



laboratory	 results	 expected	 during	 off	 hours?	 Determining	 the	 expectations	 of
the	referring	service	is	paramount	to	resolving	these	questions.	Poor	patient	care
and	serious	liability	issues	can	occur	should	these	questions	be	left	unanswered.
Again,	there	is	no	substitute	for	good	communication	between	physicians.

Teach	with	Tact
Commonly,	 services	 will	 request	 medical	 consultations	 for	 uncomplicated
medical	 issues.	 It	 must	 be	 remembered	 that	 physicians	 requesting	 medical
consultations	 are	 not	 trained	 in	 internal	medicine.	Therefore,	what	 are	 seen	 as
straightforward	medical	issues	by	the	consultant	likely	do	not	seem	so	clear	cut
to	 the	 requesting	 service.	 If	 they	 were	 comfortable	 managing	 the	 issue,	 there
would	not	have	been	a	consult!	In	these	situations,	the	medical	consultant	should
share	his	or	her	expertise	gracefully.	Condescension	is	never	appropriate.

Follow-up
Most	medical	 consultations	will	 require	 at	 least	 one,	 if	 not	 several,	 follow-up
visits.	 In	 many	 cases,	 the	 diagnosis	 will	 remain	 in	 question	 or	 the	 results	 of
recommended	 therapies	 will	 have	 to	 be	 assessed.	 Moreover,	 adherence	 to
recommendations	is	improved	when	follow-up	visits	are	made.	Should	there	be
issues	 with	 compliance	 by	 the	 primary	 service,	 these	 should	 be	 resolved	 by
direct	discussion.	Typically,	there	are	well-founded	reasons	for	recommendations
not	 being	 followed,	 but	 this	may	 also	 stem	 from	 a	 simple	 oversight.	Both	 are
best	 addressed	 via	 a	 simple	 conversation	 rather	 than	 chart	 notes.	 At	 teaching
hospitals,	 attending	 to	 attending	 conversations	 may	 be	 necessary	 to	 resolve
conflicts.	Disparaging	remarks	should	never	be	placed	in	the	chart.

Communication,	 Communication,
Communication
There	 is	 little	else	as	 important	as	communication	between	physicians	who	are
caring	 for	 the	 same	 patient.	 Many	 questions	 can	 be	 answered	 and	 problems
avoided	if	physicians	merely	speak	directly	to	each	other.	Many	institutions	have
a	cultural	bias	against	calling	or	paging	other	physicians.	 It	 is	 the	belief	of	 the
authors	 that	 this	 is	 not	 in	 the	 best	 interests	 of	 patient	 care	 and	 should	 be



1.

overcome.	Recommendations	for	management,	particularly	if	viewed	as	critical,
should	 be	 communicated	 directly	 to	 the	 requesting	 physician.	 One	 should	 not
assume	 that	 a	 consult	 note	 will	 be	 read	 in	 a	 timely	 fashion.	 As	 has	 been
suggested	many	 times	 throughout	 this	 chapter,	 there	 is	 no	 substitute	 for	 direct
personal	communication.

CONCLUSION
Adherence	 to	 the	 above	 principles	 will	 assist	 in	 successful	 completion	 of	 the
medical	consultation.	Not	addressed,	however,	is	the	last	issue	raised	as	a	barrier
to	 effective	medical	 consultation	 in	 the	 introductory	 paragraph	 to	 this	 chapter:
the	consultant’s	lack	of	comfort	in	addressing	medical	issues	while	the	patient	is
being	 treated	 for	 another	 illness.	 The	 authors	 of	 this	 manual	 hope	 that	 the
chapters	that	follow	will	allow	readers	to	overcome	this	obstacle	as	they	seek	to
improve	patient	care	in	the	role	of	medical	consultant.

REFERENCE
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Approach	to	Perioperative	Care
1

Adam	V.	Meyer	and	Rachel	H.	Bardowell

INTRODUCTION
The	main	focus	of	the	preoperative	evaluation	is	to	identify	those	patients	at
increased	risk	for	perioperative	morbidity	and	mortality.
The	role	of	the	medical	consultant	is	to	risk-stratify	patients,	determine	the
need	 for	 further	 evaluation,	prescribe	possible	 interventions,	 and	optimize
chronic	medical	conditions	to	mitigate	risk.
Preoperative	consultations	often	focus	on	cardiac	risk,	but	it	is	essential	to
remember	 that	 poor	 outcomes	 can	 result	 from	 significant	 disease	 in	 other
organ	 systems.	 Evaluation	 of	 the	 entire	 patient	 is	 necessary	 to	 provide
optimal	perioperative	care.

PREOPERATIVE	 CARDIAC
EVALUATION

GENERAL	PRINCIPLES

Epidemiology
Of	 the	 200	 million	 surgeries	 performed	 worldwide	 each	 year,	 1	 million
patients	 will	 die	 in	 the	 30-day	 postoperative	 period.1	 Depending	 on	 the



definition	 of	 cardiac	 complication,	 type	 of	 noncardiac	 surgery	 performed,
and	population	studied,	cardiac	complication	rates	can	be	as	high	as	5%.2
Of	 those	who	have	a	perioperative	myocardial	 infarction	 (MI),	 the	 risk	of
in-hospital	mortality	is	estimated	to	be	10–15%.3

Pathophysiology
Autopsy	 data	 suggest	 that	 fatal	 perioperative	 MIs	 occur	 via	 the	 same
mechanisms	as	nonperioperative	MIs.4
Type	1	(plaque	rupture)	and	type	2	MIs	(oxygen	supply–demand	mismatch)
have	both	been	documented.
The	distribution	between	type	1	and	type	2	MIs	in	the	perioperative	period
is	 not	 entirely	 clear;	 however,	 one	 angiographic	 study	 found	 evidence	 of
plaque	 rupture	 (type	 1)	 in	 up	 to	 50%	 of	 patients	 undergoing	 noncardiac
surgery.5
Oxygen	supply–demand	mismatch	physiology	is	frequently	associated	with
tachycardia	in	the	perioperative	period.6	Hypotension	and	anemia	can	also
contribute	to	this.

DIAGNOSIS

Clinical	Presentation
History
The	focus	of	the	history	is	to	identify	factors	and	comorbid	conditions	that	will
affect	perioperative	risk.	Various	risk	stratification	models	have	been	developed,
but	 in	 general,	 each	 focuses	 on	 the	 identification	 of	 known	 cardiovascular
disease	or	one	of	 its	 risk	factors.	Eliciting	signs	or	symptoms	of	active	cardiac
disease	is	of	particular	importance.

Evidence	of	active	cardiac	conditions:
Unstable	angina	or	acute	coronary	syndrome
Recent	MI	(within	60	days	if	no	coronary	intervention)



Symptoms	of	decompensated	congestive	heart	failure	(CHF)
Significant	arrhythmias	(does	not	include	chronic,	rate-controlled	atrial
fibrillation)
Severe	valvular	disease

Other	significant	risk	factors:
Preexisting,	stable	coronary	artery	disease	(CAD)
Stable	CHF
Diabetes	mellitus
Prior	 cerebrovascular	 accident	 (CVA)	 or	 transient	 ischemic	 attack
(TIA)
Renal	insufficiency	(creatinine	>1.5	or	2,	depending	on	risk	calculator)
Intra-abdominal,	intrathoracic,	or	vascular	surgery

Physical	Examination
A	complete	physical	exam	is	essential.	Specific	attention	should	be	paid	to:

Vital	signs,	particularly	blood	pressure	(BP)	and	evidence	of	hypertension.
Systolic	 blood	 pressure	 (SBP)	 <180	 and	 diastolic	 blood	 pressure
(DBP)	 <110	 mm	 Hg	 are	 generally	 considered	 acceptable	 with	 no
significant	increase	in	cardiac	risk.
It	may	be	reasonable	to	delay	surgery	for	SBP	>180	or	DBP	>110	if	it
is	 a	new	diagnosis	of	hypertension	or	 there	 is	 evidence	of	end	organ
damage.7

Murmurs	 suggestive	 of	 significant	 valvular	 lesions,	 particularly	 aortic
stenosis	(AS).	Symptomatic	stenotic	lesions	such	as	mitral	stenosis	and	AS
are	thought	to	be	associated	with	the	greatest	risk.
Aortic	stenosis	(AS).

Symptomatic	 severe	AS	(valve	area	<1.0	cm2	or	mean	gradient	≥40
mm	 Hg)	 is	 associated	 with	 increased	 perioperative	 MI	 and	 30-day
mortality.8,9
The	 perioperative	 risk	 for	 asymptomatic,	 moderate,	 and	 severe	 AS
appears	 to	 be	 less,	 and	 no	 further	 intervention	 is	 required	 prior	 to
elective	low-	and	elevated-risk	surgery.9,10

Mitral	stenosis.
Percutaneous	 balloon	 commissurotomy	 should	 be	 performed	 prior	 to
elective	 surgery	 for	 patients	 with	 severe	 mitral	 stenosis	 who	 meet
standard	criteria	for	intervention.9
Elevated	 risk	 of	 noncardiac	 surgery	 can	 likely	 be	 performed	 on



patients	 with	 asymptomatic	 severe	 mitral	 stenosis	 who	 don’t	 meet
criteria	for	percutaneous	intervention.9

Symptomatic	 mitral	 regurgitation	 and	 aortic	 regurgitation	 are	 generally
tolerated	perioperatively	and	can	be	managed	medically.
For	all	significant	valvular	lesions,	the	need	for	endocarditis	prophylaxis
should	be	considered.
Evidence	of	CHF	(elevated	jugular	venous	pulse	[JVP],	crackles,	S3,	etc.).

Diagnostic	Testing
12-Lead	ECG

Routine	preoperative	ECG	testing	is	not	indicated	in	asymptomatic	patients
prior	to	low-risk	surgery.
The	 2014	 American	 College	 of	 Cardiology/American	 Heart	 Association
(ACC/AHA)	guidelines	make	the	following	recommendations:

It	 is	 reasonable	 to	obtain	a	preoperative	ECG	in	patients	with	known
CAD,	 cardiac	 risk	 factors,	 or	 structural	 heart	 disease	 undergoing	 a
surgery	with	elevated	risk.9
Asymptomatic	 patients	 undergoing	 a	 surgery	with	 elevated	 risk	may
benefit	 from	a	preoperative	baseline	ECG,	but	 studies	are	conflicting
on	the	utility	of	this.9,11

Imaging

In	 general,	 the	 indications	 for	 echocardiographic	 evaluation	 in	 the
preoperative	 setting	 are	 no	 different	 than	 in	 the	 nonoperative	 setting.	An
echocardiogram	is	not	routinely	necessary.
New	murmurs	found	on	physical	exam	suggestive	of	significant	underlying
valvular	disease	should	be	evaluated	by	an	echocardiogram.
An	assessment	of	left	ventricular	(LV)	function	should	be	considered	when
there	 is	 clinical	 concern	 for	 undiagnosed	 or	worsening	 CHF,	 or	 any	 new
dyspnea	of	unknown	origin.9

Diagnostic	Testing
Stress	testing	should	be	guided	by	an	assessment	of	preoperative	risk	as	detailed



below	 (see	 section	 on	 Risk	 Stratification).	 Routine	 stress	 evaluation	 of	 all
patients	 undergoing	 surgery	 is	 not	warranted	 and,	 in	 general,	 not	 indicated	 for
low-risk	noncardiac	surgery.

Exercise	testing:
Patients	must	 be	 able	 to	walk	on	 a	 treadmill	 and	 exercise	 to	85%	of
their	predicted	maximal	heart	rate.
Baseline	 ECG	must	 be	 interpretable.	 The	 presence	 of	 a	 left	 bundle-
branch	block	should	prompt	pharmacologic	stress	testing	instead.
Exercise	ECG	stress	testing	(no	imaging):

Although	 it	 is	 not	 as	 frequently	 pursued,	 this	 test	 can	 still	 be
useful.
Baseline	 ECG	 should	 have	 no	 abnormalities	 that	 preclude
interpretation	of	the	test	(e.g.,	LV	strain,	ST	segment	depressions
>1	mm).

Exercise	stress	testing	with	imaging	(echo	or	nuclear	perfusion):
Neither	 imaging	 modality	 is	 clearly	 superior	 to	 the	 other	 for
purposes	of	risk	stratification.
Patient	comorbidities	(e.g.,	obesity	impeding	echo	windows)	and
additional	questions	to	be	answered	(e.g.,	valvular	disease	making
an	 echo	 more	 useful)	 should	 be	 considered	 in	 selecting	 the
modality.

Pharmacologic	stress	testing:
Vasodilator	 nuclear	 perfusion	 imaging	 and	 dobutamine
echocardiography	are	the	generally	available	options.
Neither	is	clearly	superior	to	the	other	for	risk	stratification.
Consideration	must	 be	 given	 to	 patient	 comorbidities	 that	make
utilization	of	a	modality’s	pharmacologic	agent	undesirable	(e.g.,
supraventricular	arrhythmias	with	dobutamine	and	bronchospasm
with	adenosine).

Risk	Stratification
The	ACC/AHA	published	revised	guidelines	for	perioperative	cardiac	evaluation
and	management	in	2014,	and	these	are	described	in	Figure	1-1.9



FIGURE	 1-1	 Algorithm	 for	 preoperative	 cardiac	 evaluation	 for	 noncardiac
surgery.	 MACE,	 major	 adverse	 cardiac	 event;	 MET,	 metabolic	 equivalent.
(Adapted	 from	 Fleisher	 LA,	 Fleischmann	 KE,	 Auerbach	 AD,	 et	 al.	 2014
ACC/AHA	 guideline	 on	 perioperative	 cardiovascular	 evaluation	 and
management	 of	 patients	 undergoing	 noncardiac	 surgery:	 a	 report	 of	 the



American	 College	 of	 Cardiology/American	 Heart	 Association	 Task	 Force	 on
practice	guidelines.	J	Am	Coll	Cardiol	2014;64:e77–137.)

Step	1:	Establish	the	Urgency	of	Surgery

Emergency	surgery	(within	6	hours)	warrants	no	further	testing.
As	 time	 allows,	 evaluate	 preoperatively,	 and	 suggest	 management
strategies.
It	is	important	to	note	that	many	surgeries,	though	not	absolutely	emergent,
are	 urgent	 (within	 6–24	 hours)	 and	 are	 unlikely	 to	 allow	 for	 a	 time-
consuming	evaluation.

Step	2:	Assess	for	Active	Cardiac	Conditions

As	defined	above	(see	section	on	History):
Acute	 coronary	 syndrome	 (ST-segment-elevation	MI	 [STEMI],	 non–
ST-segment-elevation	MI	[NSTEMI],	unstable	angina,	recent	MI)
Decompensated	heart	failure
Unstable	arrhythmias
Severe	valvular	disease

Delaying	 surgery	 to	 allow	 for	 further	management	 of	 these	 conditions	 is
recommended.

Step	3:	Determine	Perioperative	Risk	of	Major	Adverse	Cardiac	Events

It	 is	 important	 to	 determine	 the	 risks	 of	 major	 adverse	 cardiac	 events
(MACE)	in	the	perioperative	period.
The	clinical	risk	factors	are	adapted	from	the	Revised	Cardiac	Risk	Index
(RCRI)12–14:

Ischemic	heart	disease
History	of	TIA	or	CVA
History	of	CHF
Renal	insufficiency	(serum	creatinine	≥2.0)
Diabetes	mellitus	requiring	insulin
Surgical	 risk—defined	 as	 intraperitoneal,	 intrathoracic,	 or
suprainguinal	vascular	surgery

Patients	with	one	or	no	clinical	risk	 factors	 are	 at	 low	 risk	 (<0.9%)	and
may	proceed	to	surgery	without	further	testing.
Patients	with	 two	or	more	clinical	risk	 factors	 are	at	an	elevated	 risk	of



adverse	 cardiac	 events,	 particularly	 with	 vascular	 surgery.	 The	 risks	 and
benefits	of	further	cardiac	testing	should	be	considered.
The	 RCRI	 may	 not	 effectively	 predict	 risk	 associated	 with	 vascular
surgery.14
The	 American	 College	 of	 Surgeons	 (ACS)	 National	 Surgical	 Quality
Improvement	 Program	 (NSQIP)	 risk	 calculators	 may	 better	 determine
cardiac	 risk	 associated	 with	 vascular	 surgery;	 however,	 the	 surgical	 risk
calculator	has	>20	risk	inputs,	which	may	be	cumbersome	or	not	available
(http://riskcalculator.facs.org/RiskCalculator/,	last	accessed	9/7/16).15,16

Step	4:	Patients	at	Low	Risk

Low-risk	 surgery	 is	 defined	 as	 a	 procedure	 with	 combined	 patient	 and
procedural	risk	<1%	MACE.
Patients	 can	 generally	 undergo	 low-risk	 procedures	 without	 further
evaluation.

Step	5:	Evaluation	of	Patients	at	Elevated	Risk

Elevated	risk	surgery	is	defined	as	a	procedure	with	combined	patient	and
procedural	risk	>1%	MACE.
The	 2014	 AHA/ACC	 perioperative	 guidelines	 have	 combined	 previously
labeled	 intermediate-	 and	 high-risk	 procedures	 into	 this	 category	 due	 to
similar	management	recommendations.
Assess	the	patient’s	functional	capacity.

Patients	 with	 good	 functional	 capacity	 ≥4	 metabolic	 equivalents	 of
task	(MET)	are	unlikely	to	suffer	serious	cardiovascular	complications
and	can	proceed	to	surgery.9
Poor	 functional	 capacity	 (<4	METs)	 is	 associated	 with	 an	 increased
risk	of	perioperative	cardiac	events.17
Functional	capacity	can	be	reliably	estimated	by	patient	self-report	of
daily	activities.18,19
Table	1-1	highlights	METs	for	certain	activities.

TABLE	1-1	METABOLIC	EQUIVALENTS	(METS)	FOR	CERTAIN
ACTIVITIES



Step	 6:	 Evaluation	 of	 Patients	 at	 Elevated	 Risk	 with	 Poor	 or	 Unknown
Functional	Capacity

It	is	important	to	develop	a	plan	for	patients	at	elevated	risk,	MACE	>	1%,
and	poor	(<4	METs)	or	an	unknown	functional	capacity.
Pharmacologic	 stress	 testing	may	be	 indicated	 if	 the	 additional	 diagnostic
information	will	affect	management	decisions.
Any	 plan	 for	 preoperative	 revascularization	 should	 take	 into	 account	 the
limitations	discussed	below.

Step	7:	Proceeding	to	Surgery	in	Patients	at	Elevated	Risk

Many	 patients	 with	 elevated	 perioperative	 risk	 will	 proceed	 to	 surgery
without	pharmacologic	stress	testing.
Guideline-directed	 medical	 therapy	 (GDMT)	 should	 be	 followed	 in	 all
patients	regardless	of	testing.
Alternative	therapies	such	as	noninvasive	treatments	or	palliation	should	be
considered	in	patients	at	greatest	risk	of	a	cardiac	complication.

TREATMENT

Revascularization
The	best	available	data	on	preoperative	revascularization	come	from	the	CARP
trial—a	prospective	study	of	patients	scheduled	to	undergo	vascular	surgery.20

All	patients	studied	had	angiographically	proven	significant	CAD.
Patients	 were	 randomized	 to	 revascularization	 (coronary	 artery	 bypass



grafting	[CABG]	 in	41%	and	percutaneous	coronary	 intervention	[PCI]	 in
59%)	versus	no	revascularization.
Notable	exclusions	from	the	study	population	were	patients	found	to	have
significant	 left	 main	 disease,	 severe	 LV	 dysfunction,	 severe	 AS,	 and	 the
presence	of	severe	coexisting	illnesses.
There	 was	 no	 difference	 between	 the	 groups	 in	 the	 occurrence	 of	MI	 or
death	at	30	days	or	in	mortality	with	long-term	follow-up.
Based	on	these	results,	routine	coronary	revascularization	as	a	method
of	 decreasing	 perioperative	 cardiac	 risk	 is	 not	 recommended.	 It	 is
important	 to	 identify	 those	 high-risk	 subsets	 who	 may	 obtain	 a	 survival
benefit	 from	 revascularization	 independent	 of	 their	 need	 for	 noncardiac
surgery	in	accordance	with	GDMT.
Additional	 considerations	 in	 patients	 who	 have	 undergone	 PCI
preoperatively	apply:

If	 a	bare	metal	 stent	 is	 utilized,	 elective	 noncardiac	 surgery	 should
not	be	done	in	the	first	30	days	following	PCI.21,22	This	is	thought	to
be	largely	due	to	increased	risk	of	in-stent	restenosis.
Elective	 noncardiac	 surgery	 should	 be	 delayed	 12	 months	 after
placement	of	drug-eluting	stents	(DES),	especially	if	dual	antiplatelet
therapy	cannot	be	discontinued	perioperatively.9,21,23	Consideration	of
surgery	6	months	post	DES	is	reasonable	in	certain	circumstances	after
discussion	with	the	patient’s	cardiologist.24
For	angioplasty	alone,	a	2-week	delay	is	recommended.9

Medical	Therapy

β-Blockers
Initial	 interest	 into	 the	 cardioprotective	 benefit	 of	 β-blockers	 in	 the
perioperative	setting	was	based	on	relatively	small	studies	that	showed
favorable	cardiac	risk	and	mortality	benefit.
However,	 several	 notable	 subsequent	 studies	 failed	 to	 demonstrate
clear	benefit	in	patients	with	diabetes	undergoing	noncardiac	surgeries
and	in	vascular	surgery	populations.25–27
Most	 recently,	 the	 large	POISE	 trial	 (8351	patients)	 demonstrated	 an
increase	 in	 total	 mortality	 and	 strokes	 in	 the	 treatment	 group
(perioperative	metoprolol)	despite	a	decrease	in	cardiac	events.28
The	current	ACC/AHA	recommendations	for	perioperative	β-blockade
are	as	follows9:



β-blockers	 should	 be	 continued	 perioperatively	 for	 patients
already	on	chronic	β-blocker	therapy	(class	1).
It	may	be	reasonable	to	begin	perioperative	β-blockers	in	patients
with	intermediate-	or	high-risk	ischemia	noted	on	stress	test	(IIb),
patients	with	 three	or	more	RCRI	risk	factors	 (IIb),	and	patients
with	long-term	indication	for	β-blocker	therapy	(IIb).

If	 initiating	 therapy,	β-blockers	should	be	started	>1	day	prior	 to	and
not	on	the	day	of	surgery.
Attention	should	be	paid	to	the	presence	of	any	contraindications	to	β-
blocker	use.

α2-Agonists:	Based	on	the	POISE-2	trial,	there	is	no	indication	for	starting
α-2	 agonists	 perioperatively	 for	 noncardiac	 surgery.	 α-2	Agonists	 showed
no	 reduction	 in	 risk	of	nonfatal	MI	or	death,	but	 there	was	an	 increase	 in
nonfatal	cardiac	arrest	and	hypotension.29
Statins:	Current	studies	suggest	a	likely	benefit	to	the	perioperative	use	of
statins.

Reduced	 in-hospital	 mortality	 associated	 with	 statin	 use	 was
demonstrated	in	a	retrospective	cohort	study	of	patients	undergoing	a
variety	of	major	noncardiac	surgeries.30
A	 retrospective	 cohort	 evaluating	 statins	 in	 noncardiac	 nonvascular
surgery	 showed	 reduction	 in	 the	 30-day	 mortality	 in	 the	 treatment
group.31
Current	recommendations:

Statins	should	be	continued	perioperatively	in	patients	on	chronic
statin	therapy.
Patients	undergoing	vascular	surgery	may	benefit	from	starting	a
statin	perioperatively.9,32,33
Statin	 therapy	 may	 be	 started	 perioperatively	 in	 patients
undergoing	 elevated-risk	 surgeries	 if	 indicated	 in	 guideline-
directed	therapy.9

Aspirin
Traditionally,	 aspirin	 is	 withheld	 for	 ~1	 week	 prior	 to	 invasive
procedures	to	minimize	bleeding	risk.
However,	 some	 evidence	 suggests	 that	 withdrawal	 of	 aspirin	 in
patients	with	stents	may	be	associated	with	an	increased	risk	of	cardiac
events.34
The	 POISE-2	 trial	 demonstrated	 no	 cardiac	 or	 mortality	 benefit	 in
starting	 aspirin	 perioperatively,	 but	 did	 identify	 an	 increased	 risk	 of



major	bleeding	in	the	treatment	arm.35
Recommendations

In	general,	it	is	not	recommended	to	initiate	or	continue	aspirin	to
prevent	 cardiac	 events	 in	 patients	 with	 no	 history	 of	 cardiac
stenting	 undergoing	 noncardiac	 noncarotid	 surgery.	 However,	 it
can	 be	 considered	 if	 the	 risk	 of	 myocardial	 ischemia	 is	 greater
than	bleeding	risk.9
Any	decision	regarding	change	in	antiplatelet	therapy	for	patient
with	 recent	 PCI	 (<30	 days	 BMS,	 <365	 days	 DES)	 should	 be
made	in	coordination	with	the	patient’s	cardiologist	and	surgeons
based	on	risk	of	bleeding	and	in-stent	thrombosis.9

FOLLOW-UP
The	current	ACC/AHA	guidelines	recommend:9

Obtaining	ECG	on	patients	with	clinical	signs	or	symptoms	of	myocardial
ischemia	or	arrhythmia.
Troponin	measurements	are	recommended	only	for	patients	with	clinical
signs	or	symptoms	of	MI.
There	 is	 no	 indication	 to	 perform	 surveillance	 in	 the	 absence	 of	 signs	 or
symptoms	of	myocardial	ischemia.

Perioperative	Hypertension

GENERAL	PRINCIPLES
Severe	 hypertension	 (BP	 >	 180/110	 mm	 Hg)	 preoperatively	 often	 results	 in
wider	 fluctuations	 in	 intraoperative	 BP	 and	 has	 been	 associated	 with	 an
increased	 rate	 of	 perioperative	 cardiac	 events.36	 Specific	 concerns	 regarding
chronic	antihypertensive	agents:



Discontinuing	chronic	β-blocker	therapy	can	lead	to	tachycardia.
Abrupt	 cessation	 of	 clonidine	 may	 result	 in	 rebound	 hypertension,
sometimes	severe.
Angiotensin-converting	 enzyme	 (ACE)	 inhibitors	 and	 angiotensin	 II-
receptor	 blockers	 are	 associated	 with	 higher	 risk	 of	 intraoperative
hypotension,	but	do	not	appear	to	have	a	negative	outcome	on	mortality	or
cardiac	event	outcomes.37

TREATMENT
Hypertension	 in	 the	 postoperative	 period	 is	 a	 common	 problem	 with
multiple	possible	causes.
All	 remediable	 causes	 of	 hypertension,	 such	 as	 pain,	 agitation,
hypercarbia,	 hypoxia,	 hypervolemia,	 and	 bladder	 distention,	 should	 be
excluded	or	treated.
Review	 the	 patient’s	 home	 medication	 list,	 and	 resume	 any	 medications
discontinued	preoperatively,	as	clinically	indicated.
Parenteral	or	oral	 antihypertensive	medications	are	 available	based	on	 the
patient’s	 clinical	 status.	 Transdermal	 clonidine	 is	 also	 an	 option,	 but	 the
onset	of	action	is	delayed.

Preoperative	Pulmonary	Evaluation

GENERAL	PRINCIPLES

Epidemiology
Clinically	 significant	 postoperative	pulmonary	 complications	 are	 at	 least	 as
common	as	cardiac	complications,	and	the	occurrence	of	one	increases	the	risk
of	 the	 other.38	 Pulmonary	 complications	 increase	 length	 of	 stay.39	 These



complications	include40

Pneumonia
Respiratory	failure
Atelectasis
Exacerbation	of	underlying	chronic	lung	disease

Etiology
As	 with	 cardiovascular	 complications,	 both	 patient	 and	 surgery-specific	 risk
factors	combine	 to	produce	 the	 level	of	 risk.	These	are	 reviewed	 in	detail	 in	a
2006	guideline	from	the	American	College	of	Physicians.41

Risk	Factors
Patient	risk	factors

Age:	 Even	 if	 healthy	 or	 with	 good	 functional	 status,	 risk	 increases
starting	at	age	50.42
Smoking:	Especially	those	with	>40	pack-year	history.43
Chronic	obstructive	pulmonary	disease	 (COPD).40	However,	 there
is	 no	 identified	 degree	 of	 COPD	 that	 is	 an	 absolute
contraindication	to	surgery.
Obstructive	sleep	apnea,	especially	in	patients	who	are	noncompliant
with	 their	 continuous	 positive	 airway	 pressure	 (CPAP)	 therapy.
Perioperative	 CPAP	 may	 be	 a	 management	 strategy	 to	 reduce	 this
risk.44
Pulmonary	 hypertension,	 when	 combined	 with	 a	 history	 of
pulmonary	 embolism,	 worse	 New	 York	 Heart	 Association	 (NYHA)
class,	or	evidence	of	 right	ventricular	hypertrophy,	 is	associated	with
increased	 morbidity	 and	 mortality	 in	 patients	 undergoing	 longer
periods	(>3	hours)	of	general	anesthesia.45
Congestive	heart	failure.41
General	health	status:	patients	with	functional	dependence	or	higher
American	Society	of	Anesthesiologist	class	(ASA	class	>2).42,46
Asthma	 that	 is	 compensated	does	not	 appear	 to	be	 a	 significant	 risk
factor.47



Obesity	does	not	appear	to	be	a	significant	risk	factor.42
Procedure-related	risk	factors:

Surgical	site	 is	generally	considered	 the	greatest	determinant	of	 risk,
increasing	with	proximity	to	the	diaphragm.40,42	Repair	of	abdominal
aortic	aneurysms	appears	to	pose	the	greatest	surgical	risk.48
Emergent	surgery.41
Duration	of	surgery:	>2–3	hours.49
Type	of	anesthesia:	Data	are	conflicting	but	neuraxial	anesthesia	may
be	less	risky	than	general	anesthesia.50

Diagnosis
Clinical	PresentationHistory
The	preoperative	pulmonary	evaluation	should	focus	on	evaluating	the	presence
and	 severity	 of	 patient-dependent	 risk	 factors,	 as	 detailed	 above.	 Particular
attention	should	be	paid	to	determining	whether	the	patient	is	functioning	at	their
baseline	 or	whether	 there	 has	 been	 any	 recent	 deterioration,	 such	 as	 increased
dyspnea	 or	 cough	 with	 sputum	 production.	 Though	 exacerbations	 of	 chronic
conditions	or	acute	infections	are	not	an	absolute	contraindication	to	surgery,	it
may	 be	 prudent	 to	 postpone	 an	 elective	 procedure	 in	 such	 cases.	 If	 there	 is
consideration	of	undiagnosed	sleep	apnea,	a	screening	questionnaire	(e.g.,	Berlin
Questionnaire,	STOP-BANG)	can	be	administered.44

Physical	Examination
Attention	should	be	paid	to	evidence	of	chronic	lung	disease	or	heart	failure	such
as	 the	 presence	 of	 adventitious	 lung	 sounds,	 decreased	 breath	 sounds,	 or
prolonged	 expiration.	Persistent	 coughing	 after	 a	 voluntary	 cough	 as	well	 as	 a
maximum	 laryngeal	 height	 of	 <4	 cm	 have	 been	 associated	 with	 pulmonary
complications.43

Diagnostic	Testing
Laboratories

Arterial	blood	gas:



Preoperative	 arterial	 blood	 gas	 (ABG)	 is	 unlikely	 to	 add	 to	 the
estimate	 of	 preoperative	 pulmonary	 risk	 beyond	 other	 clinically
derived	 variables	 and	 should	 not	 be	 part	 of	 the	 routine	 preoperative
evaluation.40
An	ABG	should	be	obtained	when	otherwise	clinically	necessary.

Serum	albumin:
A	decreased	serum	albumin	level	(defined	variably	but	generally	<3.5
mg/dL)	is	a	potent	predictor	of	pulmonary	risk.42
Supplemental	 nutrition	 (enteral	 or	 parenteral)	 does	 not	 appear	 to
decrease	risk.51

Imaging

Preoperative	 chest	 radiography	 should	 not	 be	 used	 routinely	 in	 the
preoperative	 pulmonary	 evaluation	 but	may	 be	 considered	 in	 patients
undergoing	 higher-risk	 procedures	 who	 are	 over	 the	 age	 of	 50	 with
known	cardiopulmonary	disease.41
Increased	 abnormalities	 are	 noted	 with	 advancing	 age.	 However,	 many
findings	deemed	abnormal	are	chronic	and	do	not	affect	management.52

Diagnostic	Procedures

The	value	of	 preoperative	pulmonary	 function	 tests	 (PFTs)	 is	 unclear	 and
controversial	outside	of	lung	resection	surgery	and	should	not	be	part	of	the
routine	preoperative	pulmonary	evaluation.41
Although	PFTs	can	clearly	be	used	to	define	lung	disease,	in	the	setting	of
nonpulmonary	surgery,	there	is	concern	that	they	add	little	beyond	what	can
be	gathered	clinically.53
PFTs	 could	 be	 considered	 in	 patients	whose	 baseline	 cannot	 be	 clinically
determined	and	may	benefit	from	aggressive	preoperative	management.

Estimating	Risk

There	 are	 few	 tools	 for	 estimating	perioperative	pulmonary	complications
unlike	cardiac	risk	stratification.
In	general,	patients	are	deemed	to	be	at	an	elevated	risk	for	complications	if
they	 are	 undergoing	 high-risk	 procedures	 and	 have	 one	 or	 more	 of	 the
identified	patient-dependent	risk	factors.



Risk	indexes	for	predicting	postoperative	respiratory	failure	and	pneumonia
have	been	developed.48,54	These	risk	indices	were	validated	on	patients	who
were	 receiving	 care	 through	 the	 VA	 hospital	 system	 and	 were	 nearly	 all
men.
The	ARISCAT	Risk	Index	stratifies	patients	as	low,	intermediate,	and	high
risk	of	pulmonary	complications	using	a	weighted	point	score	of	seven	risk
factors.55

TREATMENT
Modifiable	patient-related	risk	factors:

Smoking	 cessation	 has	 been	 shown	 to	 decrease	 postoperative
pulmonary	 complications	 if	 patients	 stop	 smoking	 at	 least	 8	 weeks
before	 surgery.	 Previous	 concerns	 about	 a	 paradoxical	 increase	 in
complications	have	not	been	proven.56
COPD	therapy	should	be	optimized.	Symptoms	should	be	aggressively
managed	preoperatively.

A	preoperative	course	of	steroids	 is	 reasonable	 for	symptomatic
patients	already	receiving	maximal	bronchodilator	therapy	who
are	 not	 at	 their	 best	 personal	 baseline	 as	 determined	 by	 history
and	examination.
Patients	 with	 recent	 sputum	 changes	 may	 benefit	 from	 a
preoperative	course	of	antibiotics.

Modifiable	procedure-related	risk	factors:
Consideration	 of	 alternative	 procedures	 with	 the	 lowest	 possible
pulmonary	 risk	 should	 be	 undertaken	 for	 high-risk	 patients.
Laparoscopic	 procedures	 cause	 less	 disruption	 of	 lung	 function
postoperatively.57	Whether	 this	 translates	 to	 fewer	 clinically	 relevant
complications	is	not	clear.51
Although	 the	 choice	 of	 anesthesia	 is	 the	 province	 of	 the
anesthesiologist,	 use	 of	 neuraxial/regional	 anesthetic	methods	 should
be	considered	where	possible,	especially	in	high-risk	patients.

Postoperative	interventions:
Lung	 expansion	 maneuvers,	 such	 as	 incentive	 spirometry	 or	 deep
breathing	exercises,	should	be	employed.
CPAP	 should	 be	 used	 routinely	 in	 patients	with	 known	 sleep	 apnea.



These	 patients	 should	 also	 be	 monitored	 with	 continuous	 pulse
oximetry.44

CPAP	or	other	noninvasive	positive	pressure	ventilation	(NPPV)
devices	 may	 reduce	 the	 need	 for	 endotracheal	 ventilation	 in
patients	with	acute	respiratory	failure	following	upper	abdominal
surgery.58
Because	of	 the	potential	 complications	of	 its	use,	patients	being
treated	 with	 NPPV	 should	 be	 monitored	 closely	 in	 the
postanesthesia	 care	 unit	 (PACU),	 intensive	 care	 unit	 (ICU),	 or
surgical	observation	unit.

Adequate	analgesia	 is	 essential	 to	prevent	 splinting,	but	oversedation
must	 be	 carefully	 avoided.	 When	 appropriate,	 NSAIDs,
acetaminophen,	 and	 regional	 analgesia	 should	 be	 considered.
Postoperative	 epidural	 analgesia	 has	 been	 shown	 to	 reduce	 the
incidence	of	pulmonary	complications.40
A	strategy	of	selective	nasogastric	 tube	placement	rather	 than	routine
use	 has	 also	 been	 shown	 to	 decrease	 the	 risk	 of	 pulmonary
complications.51
Prophylaxis	for	deep	venous	thrombosis	(DVT)	should	be	considered.

Transfusion	Issues	in	Surgery

GENERAL	PRINCIPLES
The	transfusion	of	blood	products	is	associated	with	substantial	risks,	including
transmission	of	blood-borne	infections,	transfusion	reactions,	transfusion-related
acute	 lung	 injury	 (TRALI),	 and	 possibly	 immunomodulatory	 effects.	 The
threshold	at	which	a	red	blood	cell	transfusion	should	be	administered	is	unclear.

A	study	of	ICU	patients	suggested	 that	 the	historical	 transfusion	 threshold
of	hemoglobin	of	10	g/dL	was	 too	 liberal,	as	patients	 treated	with	a	more
restrictive	strategy	(transfusion	threshold	of	7	g/dL)	had	outcomes	that	were
at	least	equivalent	and	in	some	cases	better.59



More	recently,	The	FOCUS	trial	showed	no	mortality	difference	between	a
restrictive	(Hg	<	8	g/dL)	and	liberal	(Hg	<	10	g/dL)	transfusion	threshold	in
high-risk	 (known	 or	 have	 risk	 factors	 for	 cardiovascular	 disease)	 patients
after	hip	surgery.60

DIAGNOSIS
Preoperative	 anemia	 is	 present	 in	 5–35%	 of	 patients	 depending	 on	 the
definition	of	anemia	and	type	of	surgery	studied.61
A	history	of	anemia,	hematologic	disease,	or	bleeding	diathesis	 should	be
noted	on	history	or	review	of	medical	records.
Any	clinical	signs	of	anemia	(e.g.,	pallor)	or	coagulopathy	(e.g.,	petechiae)
should	prompt	further	evaluation.
For	 low-risk	 procedures,	 there	 is	 no	 evidence	 that	 routine	 testing	 of
asymptomatic	individuals	increases	safety.62
For	 higher-risk	 procedures,	 particularly	 those	with	 higher	 bleeding	 risk,	 a
baseline	complete	blood	count	(CBC)	and	coagulation	profile	are	typically
obtained.	Further	testing	should	be	performed	as	indicated.

TREATMENT
It	 is	 generally	 agreed	 that	 transfusion	 is	 not	 required	when	 the	hemoglobin
exceeds	10	g/dL.	Likewise,	 it	 is	 generally	 agreed	 that	a	hemoglobin	 <7	 g/dL
necessitates	transfusion.	For	patients	with	hemoglobin	between	7	and	10	g/dL:

In	stable	patients,	transfusion	may	be	considered	at	hemoglobin	7–8	g/dL.
In	stable	patients	with	cardiovascular	disease,	a	 transfusion	 threshold	of	8
g/dL	should	be	utilized.
In	patients	with	signs	or	symptoms	of	active	cardiac	ischemia,	transfusions
may	be	indicated	to	achieve	a	hemoglobin	of	8–10	g/dL.
Measures	to	reduce	the	need	for	allogeneic	blood	should	be	utilized	where
feasible.

Preoperative	 autologous	 blood	 donation	 should	 be	 considered	 for
elective	procedures	where	the	anticipated	need	for	transfusion	is	high.



Preoperative	 erythropoietin	 is	 generally	 not	 indicated	 but	 can	 be
considered	 in	 patients	 with	 a	 decreased	 hemoglobin	 concentration;
however,	its	use	has	been	associated	with	increased	risk	for	DVT.63
Intraoperative	 measures	 include	 normovolemic	 hemodilution	 for
surgeries	with	high	expected	blood	 loss.	 Intraoperative	blood	salvage
and	autotransfusion	and	positional	blood	pooling	are	other	options.

Patients	with	sickle	cell	anemia	require	transfusion	to	a	hemoglobin	of	10
g/dL	preoperatively	to	decrease	the	incidence	of	complications.64

Surgery	 in	 the	 Patient	 with	 Liver
Disease

GENERAL	PRINCIPLES
Patients	with	cirrhosis	(with	or	without	portal	hypertension)	suffer	an	increased
risk	of	morbid	outcomes	when	undergoing	surgery	such	as	increased	in-hospital
mortality	 and	 hospital	 length	 of	 stay.65	 The	 myriad	 systemic	 effects	 of	 liver
dysfunction	result	in	an	increased	frequency	of	other	complications	as	well,	such
as	bleeding,	sepsis,	encephalopathy,	and	renal	failure.66	Patients	at	risk	must	be
identified	 and	 medically	 optimized	 prior	 to	 surgery	 to	 reduce	 postoperative
complications.

Classification
The	best	validated	measure	of	perioperative	risk	in	patients	with	cirrhosis	is
the	Child-Pugh	 score,	 reflecting	 increased	 risk	 of	 perioperative	morbidity
and	 mortality	 with	 greater	 degrees	 of	 hepatic	 dysfunction,	 though	 recent
evidence	 suggests	 the	Model	 for	 End-stage	 Liver	Disease	 (MELD)	 score
can	also	be	used.67
Child-Pugh	class	C	and	MELD	score	>15	are	considered	contraindications
to	elective	surgeries.	A	patient	with	a	MELD	score	of	10–15	can	undergo



elective	or	semiurgent	procedures	with	caution.

DIAGNOSIS

Clinical	Presentation
As	part	of	the	preoperative	history	and	physical	exam,	evidence	of	liver	disease
should	be	sought.

Historical	details	include	alcohol	or	drug	abuse	and	prior	blood	transfusion.
Physical	 examination	evidence	of	 liver	dysfunction	may	be	obvious,	 such
as	 icterus	 and	 abdominal	 distension	with	 ascites,	 but	 other	 abnormalities,
such	as	spider	angiomata,	palmar	erythema,	and	testicular	atrophy	in	men,
may	be	more	subtle.
Other	 indicators	of	risk	for	 liver	disease	may	be	noted	 in	 the	preoperative
evaluation	(e.g.,	family	history	of	hemochromatosis).

Laboratories
Routine	 laboratory	 screening	 for	 hepatic	 dysfunction	 in	 patients	 presenting	 for
surgery	 who	 are	 without	 clinically	 suspected	 or	 known	 liver	 disease	 is	 not
recommended.68	Patients	with	known	or	suspected	liver	disease	should	undergo
evaluation	 of	 liver	 and	 kidney	 functions,	 including	 serum	 electrolytes,	 hepatic
enzymes,	bilirubin,	albumin,	coagulation	studies,	and	creatinine.

TREATMENT
Patients	with	acute	viral	or	alcoholic	hepatitis	tolerate	surgery	poorly,	and
delaying	surgery	until	recovery	is	recommended.
Patients	 with	 chronic	 hepatitis	 without	 evidence	 of	 hepatic
decompensation	 generally	 tolerate	 surgery	 well.	 Based	 on	 the	 high
perioperative	 mortality	 rates	 in	 patients	 with	 advanced	 cirrhosis,
nonoperative	 alternatives	 should	be	 strongly	 considered.	For	patients	who



do	 require	 surgery,	 steps	 should	 be	 taken	 to	 optimize	 the	 preoperative
status.

Coagulopathy	is	common	in	patients	with	liver	disease.
Vitamin	K	is	conventionally	given	if	the	international	normalized
ratio	 (INR)	 is	 elevated.	 The	 coagulopathy	 is	 likely	 to	 be
refractory	 to	 this	 measure	 as	 the	 abnormality	 is	 secondary	 to
hepatic	dysfunction	and	not	a	nutritional	deficiency.	Fresh	frozen
plasma	and	cryoprecipitate	may	be	required.
Administration	of	blood	products	may	increase	 the	patient’s	risk
of	volume	overload	or	lung	injury	but	won’t	necessarily	improve
bleeding	risk.69

Thrombocytopenia	is	a	common	occurrence	and	should	generally	be
corrected	 if	 severe.	 The	 general	 recommendation	 for	 most	 surgical
procedures	is	a	minimum	platelet	count	of	50,000.
Electrolyte	abnormalities	 should	 be	 addressed	 to	 reduce	 the	 risk	 of
cardiac	arrhythmias	and	encephalopathy.
Changes	in	renal	function	should	be	noted	and	addressed.
Careful	attention	should	be	paid	to	volume	status.	Many	patients	with
liver	disease	develop	hypervolemic	hyponatremia,	 and	 restriction	of
free	water	may	be	required	in	certain	cases	for	management.	This	can
be	 complicated	 in	 the	 perioperative	 setting	 by	 NPO	 status,	 recent
diuretic	use,	administration	of	IV	fluids,	etc.
Ascites	may	 influence	 respiratory	mechanics	and	 increase	 the	 risk	of
abdominal	 wound	 dehiscence	 or	 herniation	 and	 so	 should	 be
aggressively	managed.

If	 time	permits	 and	 the	patient	 also	has	 lower	 extremity	 edema,
diuretic	therapy	should	be	instituted.
Paracentesis	should	be	considered	preoperatively	if	diuretics	are
ineffective	 or	 if	 time	 constraints	 prevent	 their	 use.	Ascites	may
also	be	completely	drained	during	surgery.
Preoperative	placement	of	transjugular	intrahepatic	portosystemic
shunt	 (TIPS)	 before	 elective	 abdominal	 surgeries	 has	 not	 been
shown	 to	 reduce	 intraoperative	 blood	 loss,	 postoperative
complications,	or	to	improve	cumulative	survival.70

Encephalopathy	should	be	investigated	and	treated.
Lactulose	 titrated	 to	 two	 to	 four	soft	bowel	movements	per	day
should	be	started	in	patients	with	encephalopathy.	Rifaximin	may
also	 be	 considered,	 especially	 if	 the	 patient	 has	 had	 frequent



episodes.
Sedatives	 and	 other	 narcotics	 can	 precipitate	 or	 worsen
encephalopathy.	 They	 should	 be	 used	 cautiously,	 and	 dose
reductions	should	be	considered.

Management	 of	 Perioperative
Diabetes

GENERAL	PRINCIPLES
Hospitalized	patients	with	diabetes	and	hyperglycemia	are	at	increased	risk
for	poor	outcomes.71,72
Poor	 preoperative	 and	postoperative	 glucose	 control	 is	 associated	with	 an
increased	risk	of	postoperative	infections.73,74
While	 the	 benefits	 of	 glucose	 control	 in	 the	 perioperative	 period	 are	 not
disputed,	there	are	conflicting	data	on	optimal	target	glucose	levels.75

A	single	institutional	study	found	a	morbidity	and	mortality	benefit	of
strict	 glucose	 control	 (<110	 mg/dL)	 in	 surgical	 intensive	 care
patients.76
A	subsequent	randomized,	multicenter	trial	showed	increased	mortality
among	mixed	 surgical	 and	medical	 intensive	 care	patients	with	 strict
glucose	 control	 (81–108	 mg/dL)	 versus	 “standard”	 glucose	 control
(<180	mg/dL).77	 Of	 note,	 there	 was	 a	 substantial	 increased	 risk	 for
severe	hypoglycemia	in	the	strict	glucose	control	group.

Diabetics	 are	 at	 increased	 risk	 for	 cardiovascular	 disease,	 and	 appropriate
risk	 stratification	 for	 cardiac	 complications	 of	 surgery	 is	 vital	 to	 the
perioperative	evaluation	of	these	patients.

Classification
Establishing	 the	 etiology	 of	 hyperglycemia	 has	 important	 implications	 for



subsequent	patient	care.

Stress	hyperglycemia	can	occur	in	the	perioperative	setting	because	of	the
body’s	response	to	surgery	with	the	release	of	counterregulatory	hormones
and	 cytokines	 that	 impede	 glucose	 metabolism.	 These	 patients	 need
adequate	glucose	control	during	the	perioperative	period	but	are	unlikely	to
require	such	treatment	later.
Type	 2	 diabetes	 is	 generally	 underdiagnosed,	 and	 the	 notation	 of
perioperative	hyperglycemia	may	be	the	first	indication	of	its	presence.
It	 is	 also	 essential	 to	 distinguish	 between	 type	 1	 and	 type	 2	 diabetes
mellitus.

Type	1	diabetics	will	require	a	continuous	supply	of	insulin	to	prevent
ketoacidosis—regardless	of	glucose	level	and	oral	intake.
The	 insulin	 requirement,	 if	 any,	 of	 type	 2	 diabetics	 during	 the
perioperative	period,	will	vary.

DIAGNOSIS

Laboratory	Studies
Most	 patients	 should	 have	 a	 hemoglobin	 A1c	 obtained.	 This	 can	 assist	 in
differentiating	 perioperative	 stress	 hyperglycemia	 from	 undiagnosed	 diabetes.
Knowledge	 of	 recent	 glycemic	 control	 in	 known	 diabetics	 is	 also	 helpful	 in
determining	 what	 therapy	 is	 required.	 Evaluating	 renal	 function	 is	 also
recommended,	 given	 the	 increased	 prevalence	 of	 renal	 disease	 in	 diabetics.
Cardiovascular	 risk	 stratification	may	 require	other	 evaluations	 (see	 section	on
Preoperative	Cardiac	Evaluation).

TREATMENT
Elective	surgery	in	patients	with	uncontrolled	diabetes	mellitus	should	preferably
be	 scheduled	 after	 acceptable	 glycemic	 control	 has	 been	 achieved.	 If	 possible,
the	 operation	 should	 be	 scheduled	 for	 early	 morning	 to	 minimize	 prolonged
fasting.	Frequent	monitoring	of	blood	glucose	levels	is	required	in	all	situations.



Type	1	diabetes:
Some	form	of	basal	insulin	is	required	at	all	times.
On	the	evening	prior	 to	surgery,	 the	regularly	scheduled	basal	 insulin
should	be	continued.	If	taken	in	the	morning,	it	is	still	recommended	to
give	 the	 regularly	 scheduled	basal	 insulin	without	dose	adjustment.78
However,	dose	reduction	may	be	considered	if	the	patient	has	a	history
of	hypoglycemic	events.
Glucose	infusions	(e.g.,	D5-containing	fluids)	can	be	administered	to
avoid	 hypoglycemia	while	 the	 patient	 is	NPO	 and	 until	 tolerance	 of
oral	intake	postoperatively	is	established.
For	 complex	 procedures	 and	 procedures	 requiring	 a	 prolonged	NPO
status,	a	continuous	insulin	infusion	will	likely	be	necessary.
Caution	should	be	exercised	with	the	use	of	subcutaneous	 insulin
in	 the	 intraoperative	 and	critical	 care	 settings,	 as	 alterations	 in	 tissue
perfusion	may	result	in	variable	absorption.

Type	 2	 diabetes:	 Treatment	 of	 type	 2	 diabetics	 varies	 according	 to	 their
preoperative	 requirements	 and	 the	 complexity	 of	 the	 planned	 procedure.
Consideration	 should	 be	 given	 to	 the	 efficacy	 of	 the	 patients’	 current
regimen.	 If	 they	 are	 not	well	 controlled	 at	 baseline,	 then	 an	 escalation	 in
therapy	may	be	required.

Diet-controlled	 type	 2	 diabetes:	 This	 can	 generally	 be	 managed
without	 insulin	 therapy.	Glucose	values	 should	be	 checked	 regularly,
and	 elevated	 levels	 (>180	 mg/dL)	 can	 be	 treated	 with	 intermittent
doses	of	short-acting	insulin.
Type	2	diabetes	managed	with	oral	therapy:

Short-acting	 sulfonylureas	 and	 other	 oral	 agents	 should	 be
withheld	on	the	operative	day.
Metformin	 and	 long-acting	 sulfonylureas	 (e.g.,
chlorpropamide)	 should	 be	 withheld	 1	 day	 before	 planned
surgical	 procedures.	 Metformin	 is	 generally	 held	 for	 48	 hours
postoperatively.	 Renal	 function	 should	 be	 normal	 prior	 to
resuming	 treatment.	 Other	 oral	 agents	 can	 be	 resumed	 when
patients	are	tolerating	their	preprocedure	diet.
Most	patients	can	be	managed	without	an	insulin	infusion.
Glucose	values	should	be	checked	 regularly,	and	elevated	 levels
(>180	 mg/dL)	 can	 be	 treated	 with	 intermittent	 doses	 of	 short-
acting	insulin.

Type	2	diabetes	managed	with	insulin:
If	 it	 is	 anticipated	 that	 the	 patient	 will	 be	 able	 to	 eat



postoperatively,	 basal	 insulin	 is	 still	 given	 on	 the	 morning	 of
surgery.
If	 given	 as	 long-acting	 insulin	 (e.g.,	 glargine	 insulin)	 and	 the
patient	 usually	 takes	 the	 dose	 in	 the	 morning,	 50–100%	 of	 the
usual	dose	can	be	given.78
If	 the	 patient	 utilizes	 intermediate-acting	 insulin	 (e.g.,	 neutral
protamine	 hagedorn	 [NPH]),	 one-half	 to	 two-thirds	 of	 the	 usual
morning	dose	is	given	to	avoid	periprocedural	hyperglycemia.
Dextrose-containing	 IV	 fluids	 may	 be	 required	 to	 avoid
hypoglycemia.
Patients	 undergoing	 major	 procedures	 will	 typically	 require	 an
insulin	drip	perioperatively.
Glucose	 and	 potassium	 will	 need	 to	 be	 administered
concomitantly	 to	 avoid	 hypoglycemia	 and	 hypokalemia,
respectively.	The	presence	of	 renal	dysfunction	may,	 however,
contraindicate	the	use	of	potassium.
The	 usual	 insulin	 treatment	 can	 be	 resumed	 once	 oral	 intake	 is
established	postoperatively.

Target	 glucose	 levels:	There	 are	 no	 generally	 agreed-upon	 target	 glucose
levels	applicable	to	the	entire	postsurgical	population.

In	 a	 general	 medical–surgical	 population,	 recurring	 glucose	 values
>200	mg/dL	were	associated	with	a	poor	outcome.71
Pending	 further	 research,	 the	 current	American	Associate	 of	Clinical
Endocrinologists	clinical	practice	guidelines	recommend79

A	premeal	glucose	<140	mg/dL	and	random	blood	glucose	<180
mg/dL	in	general	medical	and	surgical	inpatients.
For	patients	in	the	ICU,	a	target	glucose	range	of	140–180	mg/dL
is	recommended.

Perioperative	 Management	 of
Corticosteroids



GENERAL	PRINCIPLES
Surgery	is	a	potent	activator	of	the	hypothalamic–pituitary	axis	(HPA).	Patients
with	 adrenal	 insufficiency	 may	 lack	 the	 ability	 to	 respond	 appropriately	 to
surgical	stress.	Further,	patients	receiving	corticosteroids	as	medical	therapy	for
indications	 other	 than	 adrenal	 dysfunction	 may	 develop	 adrenal	 insufficiency.
How	to	best	identify	and	treat	these	patients	has	undergone	considerable	change
since	the	case	reports	of	postoperative	crises	in	the	1950s.

Pathophysiology
The	subtype	of	adrenal	insufficiency	has	implications	on	management.

Tertiary	 adrenal	 insufficiency	 due	 to	 exogenous	 corticosteroid
administration	 is	 the	 most	 common	 adrenal	 problem	 encountered.	 These
patients	should	have	intact	mineralocorticoid	function	and	therefore	require
only	glucocorticoid	supplementation.80
Secondary	 adrenal	 insufficiency	 should	 not	 result	 in	 mineralocorticoid
deficiency.	 The	 possibility	 of	 deficits	 in	 other	 hormones	 due	 to	 pituitary
disease	should	be	considered.
Primary	 adrenal	 insufficiency	 requires	 replacement	 of	 both
mineralocorticoids	and	glucocorticoids.
The	 dose	 and	 duration	 of	 exogenous	 corticosteroids	 required	 to	 produce
clinically	 significant	 tertiary	 adrenal	 insufficiency	 are	 highly	variable,	 but
general	principles	can	be	outlined.81

Daily	 therapy	with	≤5	mg	prednisone	 (or	 its	 equivalent),	alternate-
day	corticosteroid	therapy,	and	any	dose	given	for	<3	weeks	should
not	result	in	clinically	significant	adrenal	suppression.
Patients	 receiving	 >20	 mg/d	 of	 prednisone	 (or	 equivalent)	 for	 >3
weeks	and	patients	who	are	clinically	cushingoid	in	appearance	can
be	 expected	 to	 have	 significant	 suppression	 of	 adrenal
responsiveness.
The	 function	 of	 the	 HPA	 cannot	 be	 readily	 predicted	 in	 patients
receiving	doses	of	prednisone	5–20	mg	for	>3	weeks.



DIAGNOSIS

Clinical	Presentation
History

The	dose	and	duration	of	prior	corticosteroid	therapy	should	be	clarified.
The	coexistence	of	diseases	that	suggest	the	possibility	of	primary	adrenal
insufficiency	 should	 be	 sought	 (e.g.,	 autoimmune	 thyroid	 disease,
malignant	tumors	that	metastasize	to	the	adrenal	glands	such	as	lung	cancer,
etc.).

Physical	Examination
Physical	 exam	 findings	 suggestive	 of	 adrenal	 hypofunction,	 such	 as
hyperpigmentation,	 should	 be	 noted.	 As	 above,	 inspection	 for	 features	 of	 a
cushingoid	appearance	should	be	performed.

Diagnostic	Testing
For	patients	 in	whom	clinical	prediction	of	 adrenal	 function	 is	difficult,	 a
cosyntropin	 stimulation	 test	 can	 be	 performed.	A	 cortisol	 level	 >18,	 30
minutes	after	administration	of	cosyntropin,	confirms	a	normal	functioning
HPA.	 Administration	 of	 perioperative	 stress-dose	 steroids	 should	 be
considered	in	patients	with	a	level	<18.
Electrolyte	 abnormalities	 should	 be	 evaluated	 in	 patients	 with	 primary
adrenal	insufficiency.	Patients	with	other	forms	of	adrenal	insufficiency	are
unlikely	 to	 manifest	 the	 classic	 hyperkalemia	 and	 hyponatremia	 due	 to
intact	mineralocorticoid	function.

TREATMENT
Patients	expected	to	have	an	intact	adrenal	function	(as	outlined	above)



should	 take	 their	 regularly	 scheduled	 dose	 of	 corticosteroid.82	 No	 further
treatment	is	required.
Patients	with	known	or	expected	adrenal	insufficiency	should	be	treated
with	perioperative	glucocorticoids.
In	patients	whose	HPA	status	is	uncertain	and	there	is	inadequate	time	to
perform	a	cosyntropin	stimulation	test,	corticosteroids	can	be	administered
preoperatively	with	dosing	determined	by	the	expected	amount	of	surgical
stress.
There	 is	 currently	 no	 uniform	 recommendation	 on	 the	 specific	 dose	 of
corticosteroid	 to	 give	 perioperatively.83,84	 Please	 refer	 to	 Chapter	 41,
Adrenal	Insufficiency,	for	further	management	recommendations.
Additional	mineralocorticoid	supplementation	 for	 patients	with	 primary
adrenal	insufficiency	may	or	may	not	be	necessary,	depending	on	the	dose
and	mineralocorticoid	potency	of	the	corticosteroid	given.

Perioperative	 Care	 of	 Chronic
Kidney	Disease	and	End-Stage	Renal
Disease

GENERAL	PRINCIPLES
Chronic	kidney	disease	(CKD)	is	an	independent	risk	factor	for	perioperative
cardiac	 complications,	 so	 many	 patients	 with	 renal	 disease	 will	 need
appropriate	 cardiac	 risk	 stratification.	 Patients	 with	 end-stage	 renal	 disease
(ESRD)	have	a	substantial	mortality	risk	when	undergoing	surgery.85,86

TREATMENT



Volume	 status:	 Every	 effort	 should	 be	 made	 to	 achieve	 euvolemia
preoperatively	 so	 as	 to	 reduce	 the	 incidence	 of	 volume-related
complications	 intra-	 and	 postoperatively.87	 Although	 this	 typically	 entails
removing	 volume,	 some	 patients	 will	 be	 hypovolemic	 and	 thus	 require
hydration.

Patients	with	CKD	not	 receiving	hemodialysis	may	 require	 treatment
with	loop	diuretics.
Patients	 being	 treated	 with	 hemodialysis	 should	 undergo	 dialysis
preoperatively.

This	is	commonly	performed	on	the	day	prior	to	surgery.
Hemodialysis	 can	 be	 performed	 on	 the	 day	 of	 surgery	 as	 well.
The	 possibility	 that	 transient	 electrolyte	 abnormalities	 and
hemodynamic	 changes	 postdialysis	 can	 occur	 should	 be
considered.

Electrolyte	abnormalities
Hyperkalemia	 in	 the	 preoperative	 setting	 should	 be	 treated,
particularly	as	 tissue	breakdown	associated	with	 surgery	may	elevate
the	potassium	level	further	postoperatively.

For	patients	on	dialysis,	preoperative	dialysis	should	be	utilized.
For	 patients	 with	 CKD	 not	 undergoing	 dialysis,	 alternative
methods	of	potassium	excretion	will	be	necessary.
Loop	diuretics	 can	be	utilized,	particularly	 if	 the	patient	 is	also
hypervolemic.
Sodium	polystyrene	sulfonate	(SPS)	resins	can	also	be	utilized.
The	 possibility	 that	 intestinal	 necrosis	 with	 SPS	 resins	 occurs
more	frequently	in	the	perioperative	setting	has	been	suggested.88

Metabolic	acidosis:	Although	chronic	metabolic	acidosis	has	not	been
associated	 with	 elevated	 perioperative	 risk,	 some	 local	 anesthetics
have	 reduced	 efficacy	 in	 acidotic	 patients.	 Preoperative	 metabolic
acidosis	 should	 be	 corrected	 with	 sodium	 bicarbonate	 infusions	 or
dialysis.

Bleeding	 diathesis:	 Platelet	 dysfunction	 has	 long	 been	 associated	 with
uremia.

Preoperative	bleeding	time	does	not	predict	postoperative	bleeding	and
is	not	recommended.89
Patients	 who	 evidence	 perioperative	 bleeding	 should,	 however,	 be
treated.

Dialysis	for	patients	with	ESRD	will	improve	platelet	function.



Desmopressin	(0.3	μg/kg	IV	or	intranasally)	can	be	utilized.
Cryoprecipitate	is	also	an	additional	option.
In	 patients	with	 coexisting	 anemia,	red	blood	 cell	 transfusions
can	improve	uremic	bleeding.

For	 patients	with	 a	 history	 of	 prior	 uremic	 bleeding,	 preoperative
desmopressin	or	conjugated	estrogens	 (0.6	mg/kg/d	 IV	or	PO	 for	 5
days)	should	be	considered.
Heparin	given	with	dialysis	can	increase	bleeding	risk.	Heparin-free
dialysis	 should	 be	 discussed	 with	 the	 patient’s	 nephrologist	 when
surgery	is	planned.

Perioperative	 Care	 of	 Acute	 Renal
Failure

GENERAL	PRINCIPLES
Acute	 kidney	 injury	 (AKI)	 can	 occur	 in	 the	 surgical	 population	 for	 various
reasons.90	Patients	with	CKD	are	at	increased	risk	of	AKI.	The	approach	to	AKI
in	 the	 perioperative	 setting	 is	 not	 substantially	 different	 from	 that	 in	 the
nonoperative	setting.	However,	certain	additional	factors	have	 to	be	considered
in	evaluating	the	cause	in	the	perioperative	setting:

Intraoperative	 hemodynamic	 changes,	 particularly	 hypotension,	 should
be	considered.	A	careful	review	of	the	operative	record	is	advised.
Certain	procedures	can	have	an	adverse	effect	on	renal	function	(e.g.,	aortic
clamping).	 Therefore,	 careful	 attention	 to	 the	 details	 of	 the	 procedure	 is
necessary.
The	 possibility	 that	 bleeding	 is	 responsible	 for	 a	 prerenal	 state	 deserves
special	attention.
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Approach	to	Edema
2

Yevgeniy	Khariton	and	Lois	F.	Richard

GENERAL	PRINCIPLES
Edema	 refers	 to	 an	 excess	 of	 fluid	 that	 has	 accumulated	 in	 skin	 and
subcutaneous	tissue.
Edema	is	the	result	of	an	increase	in	net	filtration	of	fluid	from	the	vascular
bed,	 which	 is	 dependent	 on	 the	 following	 changes	 to	 existing	 Starling
forces:

Increased	vascular	hydrostatic	pressure
Decreased	oncotic	pressure	(low	protein	state)
Increased	vascular	permeability	(inflammatory	response)1

Other	 factors	 include	 compensatory	 retention	of	 sodium	and	water	by	 the
kidney,	efficiency	of	venous	and	lymphatic	flow,	and	regulation	of	capillary
flow	by	the	precapillary	sphincter.2
Although	more	common	in	the	lower	extremities,	edema	can	also	occur	in
the	upper	extremities,	torso,	and	genitalia.
Edema	is	characterized	as	local,	regional,	or	generalized.	Localized	edema
is	often	associated	with	a	focal	process	(e.g.,	 lymphatic	obstruction,	insect
bite),	 while	 generalized	 or	 peripheral	 edema	 is	 often	 associated	 with	 a
systemic	process,	such	as	congestive	heart	failure	(CHF).

DIAGNOSIS

Clinical	Presentation
History



If	the	edema	is	localized,	ask	about:
Chronicity	and	progression	of	symptoms
Presence	 of	 pain	 (localized	 obstruction	 and	 congenital	 forms	 are
typically	painless)
Previous	injury	or	insect	bites
Prior	surgery
Risk	 factors	 for	 deep	 venous	 thrombosis	 (DVT),	 which	 include
prolonged	immobilization,	recent	surgery,	malignancy,	pregnancy

If	edema	is	bilateral	lower	extremity	or	generalized,	ask	about:
Congestive	heart	failure
Diet
Toxic	exposures	(chemicals,	insect	bites)
Smoking	history,	alcohol,	and	illicit	substance	use
Chronic	liver	disease
Renal	failure
Endocrinopathies	(i.e.,	infiltrative	disorders,	thyroid	disorders)

If	acute-onset	edema,	ask	about:
Symptoms	of	or	history	of	anaphylaxis
New	 medication	 or	 chemical	 exposures	 (i.e.,	 nonsteroidal	 anti-
inflammatory	drugs	(NSAIDs),	steroids,	calcium	channel	blockers,	sex
hormones)
Major	changes	in	weight	(i.e.,	malignancy,	cirrhosis,	CHF)
Chest	 discomfort	 or	 shortness	 of	 breath	 (i.e.,	 pulmonary	 embolism
[PE],	heart	failure,	valvular	disorders)
Paroxysmal	nocturnal	dyspnea	and/or	orthopnea	(i.e.,	heart	failure)
Syncope/presyncope	(i.e.,	PE,	heart	failure,	valvular	disorders)
Changes	in	urine	output	(i.e.,	hepatic,	renal,	cardiac	disorders)
Abdominal	swelling	(i.e.,	CHF,	cirrhotic	liver	disease)
History	 of	 smoking	 and	 history	 of	 procoagulable	 conditions	 (i.e.,
DVT/PE)
History	 of	 injection	 drug	 use	 (i.e.,	 screening	 for	 hepatitis	 exposure,
emboli,	infection)3

Physical	Examination

Vital	signs
A	trend	of	hemodynamic	measurements,	blood	pressure	 in	particular,
is	often	useful	in	distinguishing	between	acute	and	chronic	conditions.



Relative	hypotension	is	a	feature	consistent	with	cirrhotic	liver	disease
due	 to	 the	 predominance	 of	 local	 and	 systemic	 vasodilators;	 it	 is
notable	 in	 cardiogenic	 shock	 due	 to	 impaired	 contractility	 and
inotropy.
Pronounced	 hypertension	 is	 often	 characteristic	 of	 a	 chronic
hypertensive	state	as	well	as	primary	renal	disease.

Acuity	and	distribution	of	edema
Examine	the	skin	for	signs	of	chronicity,	such	as	brawny	skin	changes,
hemosiderosis,	 lymphostatic	 verrucosis	 (dark,	 wart-like	 projections),
or	venous	stasis	ulcers.
Rapid	 onset	 of	 severe	 edema	 may	 result	 in	 pain	 and	 erythema
mimicking	cellulitis.
Angioedema	 is	 typically	 rapid	onset	 (within	minutes	 to	hours)	and	 is
frequently	localized	to	the	lips,	head,	or	neck.
Periorbital	 edema	 occurring	 acutely	 or	 chronically	 in	 the	 setting	 of
bilateral	 upper	 extremity	 edema	 may	 suggest	 superior	 vena	 cava
obstruction	 (malignancy)	 or	 may	 simply	 reflect	 an	 isolated	 protein-
losing	nephropathy.

It	is	important	to	differentiate	pitting	edema	from	nonpitting	edema.
Pitting	 edema	 is	 traditionally	 graded	 using	 the	 pit	 recovery	 time
(PRT)	 on	 a	 scale	 of	 1–4:	 a	 finger	 is	 pressed	 to	 the	 select	 area	 for
approximately	5–10	seconds,	after	which	a	delayed	 return	 to	original
skin	depth	every	30	seconds	is	assigned	an	additional	point.4
Nonpitting	edema

Lipedema:	 a	 chronic	 disorder	 of	 adipose	 tissue	 and	 lymphatic
dysfunction,	 frequently	 affecting	 lower	 extremities	 and	 sparing
the	feet.5
Myxedema:	deposition	of	protein	and	mucopolysaccharides	in	the
dermis,	 which	 bind	 water	 and	 cause	 boggy	 edema,	 most
commonly	seen	in	the	pretibial	region	and	associated	with	severe
hypothyroidism.6

In	 the	 patient	 with	 suspected	 or	 known	 heart	 failure,	 document	 the
following:

Jugulovenous	distention	(JVD)
Hepatojugular	reflux
S3/S4	gallop
Cardiac	murmurs	(new	or	old)

In	the	patient	with	suspected	or	known	chronic	liver	disease,	document	the



following:
Ascites
Spider	angiomata
Palmar	erythema
Parotid	enlargement
Caput	medusa
Hemorrhoids
Asterixis	or	generalized	delirium

JVD	will	be	abnormally	elevated	in	right-sided	heart	failure	and	normal	in
portal	hypertension.
In	 patients	 with	 localized	 peripheral	 edema,	 especially	 if	 unilateral,	 the
presence	 of	 an	 underlying	 DVT	 may	 exhibit	 warmth,	 tenderness,	 or	 a
palpable	venous	cord.
A	torn	medial	gastrocnemius	head	may	have	a	palpable	mass,	purpura	from
tendon	or	 fascial	bleeding,	or	 a	depression	with	 tenderness	 in	 the	midcalf
area.
A	ruptured	Baker	cyst	typically	exhibits	a	tender	popliteal	fossa.2,4

Differential	Diagnosis
Common	causes	of	localized	edema4

Venous	obstruction/insufficiency	(DVT)
Lymphatic	obstruction
Local	trauma	(ruptured	Baker	cyst,	insect	bites,	burns)	or	postsurgical
Angioedema	(hereditary,	acquired,	medication	induced)
Radiation-induced	injury
Rheumatic	disease
Localized	malignancy
Soft	tissue	infection	(cellulitis)
Crystalline	arthropathies	(gout)

Common	causes	of	generalized	edema	or	bilateral	edema4
Venous	 obstruction	 (inferior	 vena	 caval	 obstruction,	 valvular
incompetency)
Chronic	kidney	disease	(CKD)	(i.e.,	glomerulonephropathy)
Chronic	hepatic	insufficiency	(portal	hypertension)
Heart	failure	(right-sided	insufficiency	due	to	cor	pulmonale,	left-sided
heart	failure,	or	primary	valvular	disease)



Excessive	intravenous	fluids	or	sodium-rich	products
Localized	malignancy	or	fibrosis
Low	 protein	 state	 (nephrotic-range	 proteinuria,	 cirrhosis,	 protein–
calorie	malnutrition,	and	protein-losing	enteropathy)
Angioedema	 (hereditary,	 acquired,	 medication-induced,	 i.e.,
angiotensin-converting	enzyme	[ACE]	inhibitors,	NSAIDs)
Medications	 (calcium	 channel	 blockers,	 vasodilators,	 steroids,	 sex
hormones,	NSAIDs,	cyclooxygenase	[COX]-2	inhibitors)
Pregnancy	and	premenstrual	period

Diagnostic	Testing
Laboratories

Blood	 and	 urine	 evaluation	 should	 be	 guided	 by	 history	 and	 exam	 and
should	rule	out	systemic	disease.	Initial	evaluation	commonly	includes	the
following:

Creatinine	and	electrolytes	(renal	function	and	electrolyte	stability)
Total	serum	protein	and	albumin	(liver	dysfunction,	malnutrition)
Hepatic	function	panel	(synthetic	hepatic	activity	vs.	extrinsic	injury)
Thyroid-stimulating	hormone	(TSH)	to	evaluate	for	myxedema
Brain	 naturetic	 peptide	 (BNP),	 a	 nonspecific	 marker	 of	 volume
overload
Urinalysis	(proteinuria	and	glomerulonephropathy)

In	select	patients,	consider	the	following:
24-hour	urine	protein	collection	and	lipid	panel	(nephrotic	syndrome)
Serum	 and	 urine	 electrophoresis	 (infiltrative	 paraproteinemia,
amyloidosis)

Imaging
Imaging	should	be	guided	by	results	of	the	history,	physical,	and	lab	evaluation
and	should	be	used	to	evaluate	for	specific	causes	of	edema.

Doppler	ultrasound	of	extremities	(DVT,	ruptured	Baker	cyst)
Renal	ultrasound	(acute	renal	failure,	nephrotic	syndrome)
Liver	 ultrasound	 with	 Doppler	 images	 (Budd-Chiari	 syndrome,	 portal
hypertension,	ascites)



Transthoracic	echocardiogram	(heart	failure,	valvular	abnormalities)
CXR	(heart	failure,	acute	or	chronic)
CT	abdomen/pelvis	(retroperitoneal	fibrosis	or	obstructing	masses)

TREATMENT
Treatment	should	be	directed	at	the	underlying	disorder.
Address	the	following	questions	to	ensure	appropriate	management:
When	must	edema	be	treated?

Pulmonary	 edema	 is	 urgently	 addressed	 with	 IV	 diuretics,	 often
accompanied	 by	 nitrate	 therapies,	 for	 preload	 reduction	 and
symptomatic	relief.
Marked	peripheral	edema	due	to	advanced	renal	failure	and	CHF	may
become	uncomfortable	and	warrant	nonurgent	fluid	removal.
Rapid	fluid	shifts	induced	by	volume	removal	in	patients	with	cirrhosis
have	the	capacity	to	cause	delirium	as	well	as	precipitate	hepatorenal
syndrome.

What	are	the	clinical	consequences	of	fluid	removal?
The	 clinical	 implications	of	 vascular	 underfilling	 translate	 to	 relative
tissue	malperfusion	and	compensatory	renal	retention	to	restore	venous
return	to	the	heart.
The	consequences	of	fluid	removal	entail	a	loss	of	effective	circulating
volume,	which	has	the	potential	to	reduce	cardiac	output	and	systemic
blood	 flow;	 nevertheless,	 most	 patients	 experience	 a	 therapeutic
benefit	 from	 the	 appropriate	 use	 of	 diuretics	 despite	 these	 transient
reductions.
Excess	 caution	 must	 be	 used	 in	 patients	 with	 severe	 cardiac
insufficiency	or	those	recently	treated	with	high-dose	diuretics.
Interstitial	 edema	 secondary	 to	 DVT	 and	 lymphatic	 insufficiency
should	not	be	addressed	with	volume	removal	but	rather	managed	with
an	emphasis	on	compression	stockings	and	elastic	wraps.
The	practitioner	should	be	mindful	that	there	are	select	cases	where	an
acceptable	 level	of	edema	must	be	 tolerated	at	 the	cost	of	preserving
organ	homeostasis.

How	rapidly	should	edema	fluid	be	removed?
Cumulative	 mobilization	 of	 excess	 fluid	 is	 dependent	 on	 the



underlying	condition	as	well	as	the	influence	of	diuretic	resistance.
In	patients	with	a	clinical	presentation	of	decompensated	heart	failure,
the	mobilization	of	plasma	fluid	may	be	rapid	and	effective.
A	 more	 cautious	 approach	 may	 be	 useful	 in	 localized	 edema	 (i.e.,
ascites)	 where	 accelerated	 diuresis	 may	 result	 in	 poor	 therapeutic
outcomes.2

Medications
Loop	diuretics,	namely	furosemide,	are	the	medications	of	choice.
Loop	 diuretics	 (e.g.,	 furosemide,	 bumetanide,	 torsemide)	 excrete	 20–25%
of	nephron	sodium.
Second-line	 agents	 include	 thiazide-type	 diuretics	 (hydrochlorothiazide),
which	 are	 responsible	 for	 about	 3–5%	 of	 the	 filtered	 sodium	 load	 at	 the
distal	 tubule	 and	 have	 limited	 efficacy	 due	 to	 compensatory	 resorption	 at
the	cortical	collecting	duct.
Potassium-sparing	 diuretics	 (e.g.,	 aldactone,	 triamterene,	 amiloride)	 have
the	 smallest	 capacity	 to	 induce	 effective	 natriuresis	 and	 have	 the	 largest
therapeutic	role	in	the	treatment	of	cirrhosis	and	ascites	in	concert	with	loop
diuretics.
Diuretic-mediated	 treatment	 strategies	 are	often	 limited	by	 the	practice	of
high-sodium	diets	as	well	as	time	limitations	in	diuretic	activity	(i.e.,	 loop
diuretics	given	as	a	bolus	have	a	duration	of	action	of	6	hours).
Several	sequential	strategies,	in	order	of	preference,	to	augment	appropriate
diuretic	response	are	as	follows:

Implement	a	low-sodium	diet	(<2	g	daily).
Increase	the	dose	of	loop	diuretic	until	ceiling	dose	is	achieved.
Increase	 the	 frequency	 of	 loop	 diuretic	 administration	 or	 consider
continuous	IV	infusion.
Add	a	thiazide	diuretic	(IV	or	PO)	to	the	regimen.2

Due	to	the	rapidity	in	which	a	compensatory	state	is	achieved	(2–3	weeks),
both	chronic	diuretic	doses	and	dietary	restrictions	should	be	encouraged.
When	administering	intravenous	diuretic	therapy,	monitor	for	the	following:

Hypotension	in	naive	patients
Electrolyte	depletion	and	secondary	cardiac	arrhythmias

The	use	of	ultrafiltration	as	a	strategy	for	volume	removal,	in	the	context	of
diuretic	unresponsiveness,	is	seldom	implemented	and	will	not	be	discussed
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in	this	chapter.

Other	Nonpharmacologic	Therapies
Other	nonpharmacologic	therapies	include	compression	stockings,	elastic	wraps,
elevation	of	the	affected	extremity,	and	low-sodium	diets.2
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Approach	 to	 the	 Patient	 with	 Chest
Pain
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GENERAL	PRINCIPLES
Chest	pain	 is	one	of	 the	most	common	reasons	for	emergency	department
(ED)	 visits	 and	 hospital	 admission.	 Of	 the	 8–10	million	 visits	 to	 the	 ED
annually	 for	 chest	 pain,	 >1	 million	 result	 in	 hospitalization	 for	 an	 acute
coronary	syndrome	(ACS).1–4
Prompt	and	accurate	evaluation	of	chest	pain	has	immense	implications	for
patient	morbidity	and	mortality.	Chest	pain	due	 to	myocardial	 infarction
(MI),	 pulmonary	 embolism	 (PE),	 aortic	 dissection,	 or	 pneumothorax
may	result	in	sudden	death.
Given	 the	 broad	 differential	 diagnosis	 of	 chest	 pain	 (Table	 3-1),	 the
immediate	goal	should	be	to	exclude	the	four	life-threatening	causes	bolded
above.
The	 initial	 diagnostic	 approach	 includes	 a	 focused	 history	 and	 physical
exam,	as	well	as	emergent	ECG,	optimally	completed	within	10	minutes	of
presentation.
Results	 of	 the	 initial	 assessment	 guide	 further	 diagnostic	 tests	 and
therapeutic	interventions.
High-risk	 patients	 (including	 those	 who	 appear	 ill,	 have	 abnormal	 vital
signs,	 or	 possess	 risk	 factors	 for	 coronary	 disease)	 need	 immediate	 IV
access	and	cardiac	monitoring.

TABLE	3-1	DIFFERENTIAL	DIAGNOSIS	OF	CHEST	PAIN





DIAGNOSIS

Clinical	Presentation

History
Establish	 the	 location,	quality,	and	severity	of	chest	discomfort,	onset	and
duration	 of	 symptoms,	 aggravating	 and	 alleviating	 factors,	 and	 any
associated	symptoms.
It	is	important	to	note	that	patients	with	underlying	coronary	ischemia	often
deny	 chest	 pain	 per	 se,	 but	 instead	 use	 terms	 such	 as	 sharp,	 crushing,
tearing,	squeezing,	or	pressure	to	describe	their	symptoms.
With	 this	 information,	 patients	 can	be	 assigned	 to	one	of	 three	 categories
(Table	3-2):

Typical	(definite)	angina
Atypical	(possible	or	probable)	angina
Nonanginal	 symptoms.	 However,	 typical	 features	may	 be	 lacking	 in
ACSs	(e.g.,	precipitating	or	relieving	factors)

Estimate	the	probability	of	coronary	disease	based	on	age,	sex,	prior	history
of	 angina,	 MI,	 or	 cardiac	 arrest,	 history	 of	 percutaneous	 coronary
intervention	(PCI)	or	coronary	artery	bypass	graft,	coronary	artery	disease
documented	by	angiography,	results	of	previous	cardiac	testing,	and	cardiac
risk	factors.
Pertinent	 cardiac	 risk	 factors	 to	 elicit	 in	 the	 history	 include	 hypertension,
hypercholesterolemia,	 peripheral	 or	 cerebrovascular	 disease,	 diabetes,
smoking,	 and	 family	 history	 of	 coronary	 heart	 disease	 (CHD).	 Notably,
diabetes	 is	 considered	 a	 CHD	 equivalent;	 the	 risk	 of	 cardiac	 events	 in
diabetic	patients	is	similar	to	that	of	patients	with	a	prior	MI.5
Other	diagnoses	that	should	not	be	missed	include	the	following:

Pulmonary	 embolism:	 Chest	 pain	 onset	 usually	 coincides	 with
shortness	 of	 breath;	 may	 be	 pleuritic,	 accompanied	 by	 cough,	 or
associated	with	palpitations,	dizziness,	or	light-headedness.	Assess	for
predisposing	 factors	 including	 recent	 surgery,	 immobilization,



malignancy,	 or	 hypercoagulability.	 Validated	 risk	 scores	 such	 as	 the
Wells	criteria	can	also	be	used	to	estimate	the	risk	of	PE.
Aortic	 dissection:	 Classically	 presents	 with	 severe,	 tearing	 pain
radiating	to	the	back.
Pneumothorax:	Typically	presents	with	sudden,	sharp	pleuritic	chest
pain	and	dyspnea.
Pericarditis:	Pain	typically	worse	with	recumbency,	relieved	by	sitting
upright	 or	 leaning	 forward.	 Fever	 and	 persistent	 chest	 pain	 may	 be
additional	clues.

The	 history	 should	 also	 include	 questions	 aimed	 at	 assessing	 the	 risk	 of
antiplatelet	 and	 anticoagulant	 therapy,	 such	 as	 known	 bleeding	 diathesis,
prior	 gastrointestinal	 or	 intracranial	 bleeding,	 recent	 surgery,	 as	 well	 as
relevant	over-the-counter	and	prescribed	medications.

TABLE	 3-2	 HISTORICAL	 FEATURES	 ASSOCIATED	 WITH
ANGINA



Physical	Examination
An	 abbreviated	 exam,	 including	 vital	 signs	 and	 oxygen	 saturation,	 jugular
venous	pulsation,	lungs,	heart,	chest	wall,	abdomen,	extremities,	and	pulses,	may
suggest	 a	 cause	 of	 chest	 pain	 (Table	 3-3).	 However,	 physical	 exam	 lacks
sensitivity	and	specificity	for	reaching	a	diagnosis.

TABLE	3-3	FEATURES	FROM	PHYSICAL	EXAM	SUGGESTING
A	SPECIFIC	CAUSE



Diagnostic	Testing
Laboratories
Lab	 markers	 of	 myocardial	 injury,	 such	 as	 troponin	 and	 CK-MB	 assays,	 are
sensitive	 and	 specific	 indications	 of	 cardiac	 muscle	 necrosis.	 See	 Chapter	 4
(Acute	Coronary	Syndromes)	for	further	details.

Electrocardiography

A	 12-lead	 ECG	 provides	 the	 most	 important	 initial	 data.	 The	 ECG	 is
valuable	 for	both	 risk	 stratification	and	diagnosis	of	ACS.	Approximately
80%	of	patients	with	acute	MI	have	abnormalities	on	their	ECG,	of	which
half	 are	 diagnostic.6	 Table	 3-4	 lists	 the	 significance	 of	 common	 ECG
abnormalities.
Obtain	 ECG	 within	 10	 minutes	 of	 presentation;	 repeat	 if	 pain	 recurs	 or
persists,	or	with	any	change	in	symptoms.
Assume	that	all	abnormalities	are	new	unless	proven	otherwise.	Obtain	old



ECGs.

TABLE	3-4	SIGNIFICANT	ECG	FINDINGS	IN	CHEST	PAIN

CNS,	 central	 nervous	 system;	 COPD,	 chronic	 obstructive	 pulmonary	 disease;	 LVH,	 left	 ventricular
hypertrophy;	MI,	myocardial	infarction.

Imaging

Although	 rarely	 diagnostic,	 chest	 radiography	 can	 help	 rule	 out	 less
common	 causes	 of	 chest	 pain	 as	well	 as	 complications	 of	MI.	 It	 is	more
useful	if	comparison	films	are	available.

Findings	on	CXR	that	may	point	 to	a	pulmonary	cause	of	chest	pain



include	 a	 focal	 infiltrate	 (pneumonia),	 interstitial	 or	 airspace	 opacity
(pulmonary	 edema),	 unilateral	 radiolucency	 (pneumothorax)	 or
radiodensity	(effusion),	or	wedge-shaped	density	(PE	with	infarction).
CXR	findings	that	may	suggest	a	cardiovascular	etiology	of	chest	pain:
cardiomegaly	 (pericardial	 effusion	 or	 MI	 complicated	 by	 left
ventricular	 failure	 or	 free-wall	 rupture),	 mediastinal	 widening,	 or
abnormal	aorta	(aortic	dissection).
Other	causes	seen	on	CXR:	pneumomediastinum	(esophageal	rupture),
rib	fracture,	or	dislocation.

Echocardiography	can	show	segmental	myocardial	dysfunction	but	cannot
distinguish	between	acute	MI,	 ischemia,	and	prior	 infarction.	The	absence
of	 regional	wall	motion	 abnormalities	 does	 not	 rule	 out	MI;	 however,	 an
echocardiogram	can	help	when	other	data	are	equivocal.

Disease-Specific	Confirmatory	Testing

Suspected	 myocardial	 ischemia.	 Once	 acute	 MI	 has	 been	 excluded	 by
serial	 ECGs	 and	 cardiac	 enzymes,	 patients	 with	 unstable	 angina	 should
undergo	 further	 testing	 to	 identify	 anatomic	 abnormalities	 or	 inducible
ischemia.

Patients	with	a	thrombolysis	in	myocardial	infarction	(TIMI)	risk	score
>4	 (see	 Chapter	 4)	 derive	 greater	 benefit	 from	 early	 coronary
angiography	when	compared	with	lower-risk	patients.
Others	 should	 have	 a	 functional	 ischemic	 evaluation,	 such	 as	 an
exercise	or	pharmacologic	stress	test.
Recently	 cardiac	 CT	 has	 emerged	 as	 an	 alternative	 noninvasive
imaging	 modality	 for	 the	 evaluation	 of	 patients	 suspected	 to	 have
ACS.	 However,	 the	 role	 of	 cardiac	 CT	 angiography	 in	 risk
stratification	has	not	yet	been	clearly	defined.
The	 American	 College	 of	 Cardiology/American	 Heart	 Association
guidelines	 recommend	 cardiac	 catheterization	 for	 patients	 with	 the
following:

Prior	revascularization
Congestive	heart	failure	(left	ventricular	ejection	fraction	<	50%)
Ventricular	arrhythmias
Persistent	or	recurrent	angina
Noninvasive	study	indicating	high	risk

Either	 an	 early	 invasive	 or	 early	 conservative	 strategy	 may	 be



undertaken.7
Pericarditis/Pericardial	Effusion

ST-segment	elevation	is	often	present	 in	acute	pericarditis,	 leading	to
an	erroneous	diagnosis	of	ST-segment	elevation	myocardial	infarction
(STEMI).	 However,	 the	 classic	 ECG	 changes	 of	 pericarditis	 are
diffuse,	 concave	 upward	 ST-segment	 elevations,	 and	 concurrent	 PR-
segment	depressions.
Pericarditis	 may	 also	 be	 associated	 with	 pericardial	 effusion.
Pericardial	effusions	may	result	from	myriad	causes,	although	the	most
common	etiology	is	idiopathic.
An	echocardiogram	can	reveal	the	presence	of	fluid	in	the	pericardial
sac	 as	 well	 as	 signs	 of	 hemodynamic	 compromise	 or	 cardiac
tamponade.
Adjunctive	 laboratory	 markers	 that	 are	 sometimes	 elevated	 in
pericarditis	 include	 the	erythrocyte	 sedimentation	 rate	and	C-reactive
protein.

Pulmonary	Embolism
The	Wells	criteria	combined	with	a	D-dimer	assay	and	 imaging	study
can	efficiently	and	reliably	diagnose	PE	in	most	patients.8
A	 ventilation/perfusion	 (V/Q)	 scan	 and	 CT	 pulmonary	 angiogram
(CTA)	are	both	appropriate	diagnostic	tests.
The	 gold	 standard,	 pulmonary	 angiography,	 should	 be	 reserved	 for
cases	in	which	less	invasive	studies	are	equivocal.
For	 high	 suspicion,	 empiric	 anticoagulation	 is	 usually	 recommended
and	should	not	be	delayed	until	testing	is	complete.
In	 patients	 who	 have	 a	 documented	 PE	 and	 concomitant	 hypoxia
and/or	hypotension	that	is	refractory	to	supportive	therapy,	the	use	of
thrombolytics	may	be	considered.

Aortic	Dissection
Transesophageal	 echocardiography	 (TEE),	CT	with	 contrast	 (using	 a
dissection	 protocol),	 magnetic	 resonance	 imaging	 (MRI),	 and
aortography	can	show	details	of	aortic	anatomy.
If	dissection	is	a	possibility,	one	of	these	should	be	performed	before
initiating	anticoagulation	in	suspected	MI	or	PE.
In	 addition,	 an	 ECG	 should	 be	 performed	 immediately	 to	 look	 for
signs	of	myocardial	ischemia,	particularly	in	the	inferior	leads	(II,	III,
aVF),	 which	would	 be	 suggestive	 of	 a	 dissection	 extending	 into	 the
right	coronary	cusp.
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Patients	 who	 have	 an	 underlying	 connective	 tissue	 disorder	 such	 as
Marfan	syndrome	should	be	evaluated	with	a	high	degree	of	suspicion
for	aortic	dissection.

Esophageal	Disease
Upper	 endoscopy	 is	 useful	 for	 visualizing	 structural	 lesions	 of	 the
esophagus	and	stomach,	 including	reflux	esophagitis	and	peptic	ulcer
disease.
Twenty-four-hour	 esophageal	 pH	 monitoring	 can	 document	 acid
reflux.
Contrast	 radiography	 of	 the	 upper	 gastrointestinal	 tract	 (e.g.,	 barium
swallow)	 in	 combination	 with	 esophageal	 manometry	 can	 diagnose
motility	 disorders	 such	 as	 diffuse	 esophageal	 spasm,	 which	 can	 be
mistaken	for	angina.

TREATMENT
Patients	who	are	thought	to	be	experiencing	an	ACS	should	chew	a	325-mg
aspirin	 tablet.	 In	 the	 absence	 of	 contraindications,	 oxygen,	 β-blockers,
nitrates,	and	analgesics	(e.g.,	morphine)	should	also	be	considered.
In	 patients	 with	 ACS	who	 have	 been	 ruled	 out	 for	 other	 life-threatening
causes	 of	 chest	 pain,	 appropriate	 antiplatelet	 and	 anticoagulant	 therapy
should	be	administered.
Patients	with	 STEMI	 or	 new	 left	 bundle	 branch	 block	 (LBBB)	 generally
proceed	 directly	 to	 cardiac	 catheterization.	 The	 national	 goal	 for
administration	of	fibrinolytics	(door-to-needle	time)	is	within	30	minutes	of
ED	arrival,	and	door-to-balloon	time	is	within	90	minutes.
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Acute	Coronary	Syndromes
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GENERAL	PRINCIPLES
Coronary	artery	disease	(CAD)	is	the	leading	cause	of	death	in	the	United
States	 in	 both	 men	 and	 women	 and	 accounts	 for	 a	 large	 portion	 of	 US
health	care	expenditure.1	Encouragingly,	the	death	rate	attributable	to	CAD
has	been	declining.1
In	 the	 United	 States,	 of	 the	 more	 than	 12	 million	 Americans	 with	 a
diagnosis	 of	 CAD,	 more	 than	 50%	 have	 had	 a	 history	 of	 myocardial
infarction	(MI).1
Annually,	more	than	1	million	Americans	suffer	a	coronary	event.1
The	spectrum	of	CAD	ranges	from	silent	disease	to	chronic	angina	to	acute
coronary	syndromes	(ACS)	to	sudden	cardiac	death	(SCD).
ACS	can	be	classified	into	three	distinct	syndromes:	unstable	angina	(UA),
non–ST-segment	 elevation	 myocardial	 infarction	 (NSTEMI),	 and	 ST-
segment	 elevation	 myocardial	 infarction	 (STEMI).	 The	 underlying
pathologic	and	histologic	changes	are	different	in	each	of	these	syndromes.

Patients	 with	 STEMI	 usually	 have	 significant	 myocardial	 necrosis,
often	with	transmural	involvement	and	associated	electrocardiographic
(ECG)	changes	of	ST-segment	elevation	in	contiguous	leads.
Patients	with	NSTEMI	have	 less	 significant	myocardial	necrosis,	but
without	the	resultant	ST-segment	elevation.2
Patients	with	UA	do	not	demonstrate	any	ECG	changes	or	enzymatic
evidence	of	myocardial	necrosis.2	For	classification	purposes,	UA	and
NSTEMI	are	often	grouped	together	because	of	significant	overlap	in
their	pathogenesis	and	treatment.

ACS	 includes	 a	 variety	 of	 etiologies,	 often	 culminating	 in	 acute	 myocardial
ischemia.



In	 most	 cases,	 ACS	 results	 from	 atherosclerosis-mediated	 plaque	 rupture
and	subsequent	thrombosis,	which	is	now	termed	a	type	I	MI.2
Systemic	inflammatory	mediators	play	a	large	role	in	the	genesis	of	plaque
rupture,	initiating	a	sequence	of	platelet	aggregation,	fibrin	deposition,	and
vasoconstriction	that	eventually	occludes	the	artery.
However,	 it	 is	 important	 to	 note	 that	 not	 all	 ACS	 is	 caused	 by	 plaque
rupture.	The	term	type	II	MI	has	come	into	use	to	account	for	other	causes
including	 vasospasm	 (idiopathic	 and	 cocaine	 induced),	 supply–demand
mismatch,	 systemic	 hypotension,	 severe	 hypertension,	 anemia,	 hypoxia,
tachy-/bradyarrhythmias,	 vasculitis,	 and	 less	 commonly,	 extension	 of	 an
aortic	dissection.2

DIAGNOSIS

Clinical	Presentation
History
Rapid	recognition	is	the	key	to	outcome:	a	targeted	history,	physical,	and	12-lead
ECG	 should	 be	 completed	 prehospital	 by	 emergency	 medical	 technicians	 or
within	 10	 minutes	 of	 presentation	 to	 an	 emergency	 department.3	 The	 most
critical	part	of	the	evaluation	is	the	ECG,	focusing	on	prompt	recognition	of
ST-segment	elevation,	in	which	case	the	patient	should	be	immediately	assessed
for	thrombolysis	or	percutaneous	revascularization.4

Often,	 patients	 with	 typical	 angina	 complain	 of	 crushing	 discomfort
described	 as	 substernal	 or	 left	 sided,	with	 or	without	 radiation	 to	 the	 left
arm,	neck,	shoulder,	back,	or	jaw.	Onset	is	usually	during	exertion,	but	may
be	at	rest.	Pain	lasting	only	seconds,	pleuritic	pain,	or	pain	localizable	with
one	finger	is	unlikely	to	be	of	cardiac	origin.	Ischemic	chest	discomfort	is
often	accompanied	by	dyspnea,	diaphoresis,	nausea,	vomiting,	palpitations,
and	an	overwhelming	sense	of	doom.
ACS	 may	 also	 occur	 with	 atypical	 chest	 discomfort	 or	 none	 at	 all,
particularly	 in	 the	 following	 patients:	 postoperative,	 elderly,	 women,	 or
diabetics.	 In	 fact,	 depending	 on	 cohort	 studied,	 up	 to	 25%	 of	 MIs	 are



initially	unrecognized	because	of	silent	or	atypical	symptoms.5
In	 addition,	 clinical	 history	 should	 attempt	 to	 identify	 similarities	 to
previous	symptoms,	especially	in	patients	who	have	had	a	prior	MI.	UA	and
MI	are	usually	differentiated	from	stable	angina	by	lack	of	relief	with	rest
and/or	 nitroglycerin	 (NTG)	 as	 well	 as	 prolonged	 discomfort	 lasting	 >20
minutes.
Focused	past	medical,	 family,	 and	 social	histories	 should	determine	 if	 the
patient	 has	 a	 history	 of	 CAD,	 aspirin	 use,	 hypertension,
hypercholesterolemia,	 diabetes	 mellitus,	 smoking,	 and	 family	 history	 of
CAD;	 these	 are	 useful	 in	 calculating	 the	 thrombolysis	 in	 myocardial
infarction	(TIMI)	score—see	Table	4-1.6

TABLE	4-1	TIMI	RISK	SCORE

aRisk	factors	(1	point	each)	=	age	≥	65	y,	≥3	risk	factors	for	CAD	(family	history	of	CAD,	hypertension,
hypercholesterolemia,	 diabetes,	 current	 smoker),	 known	CAD	 (≥50%	 stenosis),	 ST	 deviation	 >	 0.5	mm,
severe	angina	(≥2	anginal	episodes/24	h),	ASA	use	in	past	7	d,	and	elevated	cardiac	biomarkers.
Adapted	from	Antman,	EM,	Cohen,	M,	Bernink	PJ,	et	al.	The	TIMI	risk	score	for	unstable	angina/non-ST
elevation	MI:	a	method	for	prognostication	and	 therapeutic	decision	making.	JAMA	 2000;284(7):835–42,
Ref.6

Physical	Examination
The	goals	of	the	physical	exam	are	as	follows:

Determine	 hemodynamic	 stability:	 Assess	 for	 cardiogenic	 shock	 with
pulse	 rate	 and	 blood	 pressure	 measurement	 (both	 arms	 if	 dissection	 is
suspected).	Assess	for	hypoxia	with	pulse	oximetry.	The	presence	of	an	S3



gallop,	 jugular	 venous	 distention,	 and	 pulmonary	 rales	 is	 suggestive	 of
concomitant	heart	failure.
Detect	 mechanical	 complications	 of	 MI	 such	 as	 papillary	 muscle
dysfunction,	 free	wall	 rupture,	 and	ventricular	 septal	defect.	The	presence
of	a	new	systolic	murmur	and	a	paradoxical	S2	is	suggestive	of	mitral	valve
dysfunction	as	a	result	of	myocardial	ischemia.
Detect	 the	 presence	 of	 other	 areas	 of	 atherosclerotic	 burden:	 Careful
examination	of	the	carotid,	femoral,	and	distal	pulses	should	be	undertaken
to	 assess	 for	 the	 presence	 of	 peripheral	 vascular	 disease,	 which	 can	 also
help	 guide	 arterial	 cannulation	 when	 urgent	 cardiac	 catheterization	 is
planned.
Evaluate	 for	 other	 possible	 etiologies	 of	 chest	 discomfort:	 Especially,
evaluate	for	the	ability	to	reproduce	chest	pain	on	palpation.

Differential	Diagnosis
For	a	detailed	discussion	on	the	differential	diagnosis	of	chest	pain,	see	Chapter
3.

Diagnostic	Testing
The	 diagnosis	 of	 the	 spectrum	 of	ACS	 can	 be	made	 by	 the	 presence	 of	 some
combination	of	the	following	criteria:

Prolonged	chest	discomfort	or	anginal	equivalent
ECG	changes	consistent	with	ischemia	or	infarction
Elevated	cardiac	enzymes

Laboratories

Troponin	I	 (or	newer	assays	of	 troponin	T)	has	 the	highest	sensitivity	and
specificity	for	myocardial	ischemia.3

Troponin	 I	 often	 increases	 2–12	 hours	 after	 the	 onset	 of	 symptoms7
and	peaks	 at	 24–48	hours	before	 returning	 to	baseline	up	 to	14	days
later.3
Because	of	the	possible	lag	of	the	troponin	peak,	it	is	recommended	to
check	troponin	at	presentation	as	well	as	2–6	hours	after	the	symptom



onset	in	all	patients.3
Those	 with	 ECG	 changes	 or	 intermediate	 to	 high	 clinical	 risk	 may
have	 additional	 serial	 troponin	measurement	 every	 6	 hours,	 until	 the
possible	lag	of	12	hours	has	passed.3	This	is	termed	ACS	rule-out.
Note	 that	 there	are	many	causes	of	mildly	elevated	 troponin:	 cardiac
injury	 not	 related	 to	 ischemia	 (e.g.,	 contusion,	 myocarditis,	 etc.),
decreased	 renal	 clearance,	 stroke,	 pulmonary	 embolism,	 or	 heart
failure.	Thus,	history	and	ECG	remain	centrally	important	to	assessing
the	 significance	 of	 troponin.	 Troponin	 measurement	 should	 be
reserved	for	patients	suspected	of	having	ACS.

Other	 cardiac	 enzymes	 such	 as	 creatine	 kinase,	 creatine	 kinase-MB	 (CK-
MB),	and	myoglobin	are	no	longer	recommended.3	See	Table	4-2	for	 time
courses	 of	 the	 various	 cardiac	 enzymes.	 CK-MB	may	 be	 falsely	 positive
with	myopathy	or	other	muscle	injury.
Myoglobin,	 though	 present	 as	 early	 as	 1	 hour,	 is	 not	 specific	 for	 cardiac
muscle.

TABLE	 4-2	 CARDIAC	 ENZYMES	 WITH	 TIMING	 AND
SPECIFICITY

CK-MB,	creatine	kinase-MB.

Electrocardiography

ECG	should	be	completed	within	10	minutes	of	arrival.3	Always	obtain
old	 ECGs	 for	 comparison	 if	 possible.	 Consider	 serial	 ECG	 every	 15–30
minutes	in	those	with	ongoing	symptoms.3
Definitive	 ECG	 diagnosis	 of	 STEMI	 requires	 ≥1	 mm	 of	 ST-segment
elevation	in	at	least	two	contiguous	leads.4
New	left	bundle-branch	block	(LBBB)	with	ACS	symptoms	 is	managed
like	 STEMI	 (suggests	 proximal	 occlusion	 of	 the	 left	 anterior	 descending



coronary	artery).	Ischemia	can	still	be	identified	in	patients	with	known	old
LBBB.4
ST	 depression	 ≥5	 mm	 or	 T-wave	 inversion	 of	 ≥2	 mm	 are	 diagnostic	 of
NSTEMI.3
Distribution	of	 ischemic	changes	 is	helpful	 in	determining	 the	 location	of
the	occluded	vessel,	assessing	prognosis,	and	predicting	complications.
Consider	 posterior	 (V7–V9)	 or	 right-sided	 (V3R–V6R)	 leads	 if	 the	 initial
ECG	negative	and	strong	clinical	suspicion	persists.3

Diagnostic	Procedures
Consider	 appropriate	 stress	 testing	 in	 low-	 and	 intermediate-risk	 patients
(discussed	 below)	 who	 have	 negative	 troponins	 and	 ECG.8–10	 It	 is	 also
reasonable	to	substitute	resting	CT	coronary	angiography	in	the	same	population,
provided	the	patient	does	not	have	known	CAD.11,12

Patients	with	TIMI	score	of	0–1	(Table	4-1)	with	negative	ECG	along	with
negative	 troponin	 at	 presentation	 and	 2	 hours	 had	 a	 negative	 predictive
value	of	>99%	for	a	major	cardiac	event;	these	patients	can	be	discharged
safely	without	stress	testing.13–15
For	appropriate	patients	(see	below),	stress	testing	can	be	performed	either
in	 the	 emergency	 department	 or	 in	 an	 observation	 unit.	 Prompt	 discharge
can	 also	 be	 considered	 for	 those	 who	 have	 negative	 stress	 testing9	 or
negative	CT	coronary	angiography.11
Admit	 all	 patients	 with	 continuing	 anginal	 symptoms,	 significant	 ECG
changes,	 significantly	 elevated	 troponin	 (with	 evidence	 of	 rise	 or	 fall),
positive	stress	test,	or	positive	CT	coronary	angiography.

Patients	with	persistent	symptoms	or	hemodynamic	 instability	should
be	 admitted	 to	 a	 coronary	 care	 unit	 with	 continuous	 rhythm
monitoring,	 high	 nurse–patient	 ratio,	 frequent	 assessment,	 and	 quick
access	to	defibrillation.
Patients	who	are	symptom	free	should	be	admitted	to	the	hospital	floor
with	continuous	rhythm	monitoring.

TREATMENT	OF	UA/NSTEMI



Treatment	goals	 include	controlling	 ischemia	by	 increasing	myocardial	oxygen
delivery	 and	 reducing	 demand,	 providing	 antiplatelet	 and	 anticoagulation
therapy,	revascularizing	when	appropriate,	risk	stratifying	and	finally,	preventing
future	events	through	risk	factor	modification.

Medications
Anti-Ischemic	Therapy
The	goal	of	anti-ischemic	therapy	involves	measures	to	improve	the	balance	of
myocardial	 oxygen	 supply	 and	 demand.	 Nonpharmacologic	 measures	 include
bed	 rest	 and	 supplemental	 O2.	 Traditionally,	 oxygen	 was	 administered	 to	 all
patients	 with	 ACS	 regardless	 of	 respiratory	 status.	 However,	 based	 on	 recent
evidence,	 it	 is	 recommended	 to	use	supplemental	oxygen	only	 in	patients	with
true	hypoxemia.16

Nitroglycerin	 (NTG)	 works	 as	 a	 venous,	 coronary,	 and	 systemic	 arterial
vasodilator.	It	reduces	preload	and	afterload,	resulting	in	lower	myocardial
oxygen	 demand,	 and	 dilates	 coronary	 arteries	 to	 improve	 myocardial
oxygen	supply.

Use	of	NTG	is	based	more	on	pathophysiologic	rationale	and	historical
observation	rather	than	high-level	evidence.3
Start	 with	 a	 0.4-mg	 sublingual	 tablet	 or	 NTG	 spray,	 monitoring	 for
hypotension.	If	ischemic	symptoms	are	not	completely	relieved,	repeat
q5	minutes	until	three	doses	are	given.
Provide	IV	NTG	if	symptoms	persist	after	 three	doses	of	 immediate-
release	 NTG.	 Also	 consider	 IV	NTG	 for	 those	 with	 heart	 failure	 or
persistent	hypotension.	Initiate	IV	NTG	at	10	mcg/min	and	increase	by
10	mcg/min	q3–5	minutes	until	symptoms	resolve	or	BP	falls.
Use	 with	 caution	 when	 SBP	 ≤	 110	mm	Hg	 or	 has	 fallen	 by	 ≥25%.
Remember	that	readministration	of	sublingual	NTG	will	deliver	much
more	NTG	(400	mcg)	in	a	short	time	than	increasing	the	IV	drip	rate.
Therefore,	if	recurrent	ischemia	develops,	administer	sublingual	NTG
before	increasing	the	drip.
Once	 a	 patient	 has	 been	 symptom	 free	 for	 12–24	 hours,	 change	 to
topical	or	long-acting	oral	nitrates	or	consider	discontinuation.	If	there
are	 no	 recurrent	 ischemic	 symptoms,	 initiate	 a	 daily	 nitrate-free
interval	to	prevent	nitrate	tolerance.



Nitrates	 are	 contraindicated	 if	 sildenafil	 or	 other	 phosphodiesterase
inhibitors	were	used	in	the	previous	24	hours.
Be	 cautious	 in	 administration	 to	 patients	 with	 right	 ventricular
infarction,	as	this	can	precipitate	cardiogenic	shock.

Morphine	 Sulfate:	 Its	 primary	 function	 is	 to	 reduce	 preload	 via
venodilation	 and	 reduce	 heart	 rate	 and	 systolic	 blood	 pressure	 (SBP)	 via
decreased	central	sympathetic	outflow.	Both	these	effects	serve	to	improve
the	supply	of	oxygen	to	ischemic	myocardial	tissue.	In	addition,	morphine
sulfate	also	has	potent	analgesic	and	anxiolytic	properties.

Give	1–5	mg	IV	for	symptoms	refractory	to	three	doses	of	immediate-
release	NTG.
Repeat	 dosing	 q5–30	 minutes	 if	 necessary.	 It	 should	 be	 noted,
however,	 that	 excessive	 use	 of	 morphine	 is	 not	 recommended	 for
persistent	 chest	 pain,	 as	 it	 can	 mask	 the	 symptoms	 of	 coronary
ischemia,	often	delaying	urgent	revascularization.
It	 can	 also	 cause	 hypotension	 and	 respiratory	 depression.	 Its	 use,
therefore,	has	been	downgraded	to	a	class	IIb	recommendation	in	the
most	 recent	 American	 College	 of	 Cardiology/American	 Heart
Association	(ACC/AHA)	guidelines.3
No	 randomized	 controlled	 trial	 has	 been	 performed,	 but	 one	 large
observational	 study	 suggested	 possible	 harm.17	 This	 may	 be	 due	 to
selection	bias	as	patients	who	receive	morphine	often	have	persistent
symptoms	despite	appropriate	anti-ischemic	 therapy	and	 thus	may	be
acutely	ill.

β-Blockers	 inhibit	 β1	 receptors	 and	 therefore	 reduce	 the	 cardiac	 rate	 and
contractility	 and	 reduce	 myocardial	 oxygen	 demand.	 Also,	 diastole	 is
prolonged,	 thus	 improving	 coronary	 perfusion	 and	 myocardial	 oxygen
supply.

Meta-analysis	data	suggest	that	β-blockers	in	UA/NSTEMI	reduce	the
progression	 to	 acute	myocardial	 infarction	 (AMI)	 by	 18%;	 however,
no	mortality	benefit	has	been	demonstrated	in	the	reperfusion	era.18
In	 the	 45,000-patient	 Chinese	 COMMIT	 study,	 which	 mainly
investigated	STEMI	patients,	 the	 composite	of	death,	 reinfarction,	or
cardiac	arrest	was	not	 reduced	with	 the	use	of	early	 intravenous	 then
oral	β-blockade.19
There	 is	 no	 clear	 evidence	 that	 any	 specific	 β-blocker	 is	 superior.
Choice	 is	 usually	 based	 on	 clinician	 familiarity.	 Commonly	 used
agents	 in	 acute	 ischemia	 include	metoprolol,	 atenolol,	 or	 esmolol.	 If



there	is	concern	about	the	tolerability	of	β-blockers,	use	a	short-acting
agent	such	as	metoprolol	or	ultra–short-acting	esmolol.
Typical	dosing	regimens	are	as	follows:

Metoprolol	 tartrate:	25–50	mg	PO	q6–12	hours.	Can	consider	a
switch	 to	 long-acting	 metoprolol	 succinate	 or	 carvedilol	 at
discharge,	 especially	 if	 there	 is	 evidence	 of	 concomitant	 heart
failure.
Atenolol:	25–50	mg	every	12	hours.	Can	switch	to	daily	dosing	at
discharge	or	change	to	metoprolol	succinate	or	carvedilol	if	heart
failure.
Esmolol:	 Use	 if	 continuous	 IV	 administration	 is	 needed.	 Start
with	 50	 mcg/kg/min	 IV,	 titrating	 up	 by	 50	 mcg/kg/min	 q10
minutes	 to	 a	 max	 of	 300	 mcg/kg/min,	 as	 heart	 rate	 and	 BP
tolerate.

Contraindications	are	as	follows:
Signs	of	acute	heart	failure	or	those	at	risk	of	cardiogenic	shock.
Bradycardia	 or	 heart	 block—avoid	 β-blockers	 if	 heart	 rate	 ≤50,
PR	 interval	 >240	ms,	 or	 there	 is	 any	 type	 of	 second-	 or	 third-
degree	heart	block.
Active	bronchospastic	lung	disease—most	patients	with	a	history
of	 chronic	 obstructive	 pulmonary	 disease	 (COPD)	 will	 still
tolerate	a	cardioselective	β-blocker	at	a	low	dose.

Calcium	 channel	 blockers	 (CCB):	 Meta-analyses	 have	 shown	 no
significant	 mortality	 benefit	 for	 CCB	 in	 UA/NSTEMI20;	 use	 of
nondihydropyridine	 CCB	 (e.g.,	 diltiazem	 and	 verapamil)	 is	 limited
primarily	to	symptomatic	relief	in	those	who	have	a	contraindication	to	β-
blockers,3	though	some	studies	showed	decreased	reinfarction	occurrence.21
There	is	no	role	for	immediate-release	dihydropyridine	CCB	(e.g.,	short-
acting	 nifedipine)	 in	 ACS	 as	 studies	 have	 shown	 higher	 mortality.22	 In
general,	CCB	are	second-line	agents	whose	use	is	limited	to	the	following
situations:

Refractory	 ischemia	 in	 patients	 already	 receiving	 nitrates	 and	 β-
blockers
Patients	with	contraindications	to	β-blockers
Patients	with	variant	or	Prinzmetal	angina	from	coronary	vasospasm
CCB	 are	 contraindicated	 in	 severe	 left	 ventricular	 (LV)	 dysfunction,
Wolff-Parkinson-White	syndrome	(CCB	in	IV	form),	or	heart	block.

Inhibitors	of	the	Renin–Angiotensin–Aldosterone	System



Angiotensin-converting	enzyme	(ACE)	inhibitors	have	been	shown
to	 decrease	 mortality	 in	 patients	 with	 ACS,	 especially	 those	 with
concomitant	LV	dysfunction.23
Angiotensin	receptor	blockers	(ARB)	can	be	used	as	an	alternative	in
patients	who	have	ACE	inhibitor	intolerance.24
Start	an	ACE	inhibitor	or	ARB	in	all	patients	with	ACS	and	ejection
fraction	<40%,	as	well	 as	 those	with	hypertension,	diabetes	mellitus,
or	 stable	 CKD.3	 Contraindications	 include	 acute	 renal	 failure	 or
hypotension.
Aldosterone	antagonists	 such	as	eplerenone	have	also	been	shown	 to
improve	 mortality	 in	 patients	 with	 ACS	 who	 have	 concomitant	 LV
dysfunction,	heart	 failure,	or	diabetes.25	This	benefit	 likely	exists	 for
spironolactone	 as	well,	 though	not	 proven.	Contraindications	 include
renal	dysfunction	(creatinine	>	2.5	mg/dL)	or	hyperkalemia	(K+	>	5.0
mEq/L).	Therapeutic	doses	should	first	be	reached	for	ACE/ARB	and
β-blockers.3

Statins
High-intensity	 statin	 should	 be	 initiated	 or	 continued	 in	 all	 patients
presenting	with	ACS,	except	for	those	with	contraindication.3
High-intensity	 statin	 therapy	 reduced	 recurrent	 ischemic	 events,26
mortality,	and	major	adverse	cardiovascular	events.27
The	 mechanism	 is	 primarily	 mediated	 through	 reduction	 of	 low-
density	 lipoprotein	 cholesterol	 (LDL-C),	 though	 there	 may	 be	 other
anti-inflammatory	 or	 antithrombotic	 effects	 as	 well.	 Dosing	 is	 as
follows:

Atorvastatin	40–80	mg	daily
Rosuvastatin	20–40	mg	daily

Antiplatelet	Therapy

Aspirin	 (ASA)	 is	 a	 cyclooxygenase	 (COX)	 inhibitor	 that	 prevents
thromboxane	A2–mediated	platelet	aggregation	and	should	be	administered
immediately	 to	 all	 patients	with	 suspected	ACS	 unless	 contraindicated	 as
below.3	It	should	be	continued	indefinitely.3

Multiple	 large	 studies	 have	 consistently	 demonstrated	 reduction	 in
death	or	MI.	Pooled	data	suggest	a	relative	risk	reduction	of	19%	for
the	 combined	 end	 point	 of	 cardiovascular	 death,	 MI,	 or	 stroke	 and



31%	relative	risk	reduction	for	MI	alone.28
The	 initial	 dose	 (162–325	 mg)	 should	 not	 be	 coated	 and	 may	 be
chewed	to	speed	absorption.	Subsequent	doses	(81–325	mg	PO	daily)
may	be	enteric	coated.
Recent	dose	comparison	studies	found	no	difference	in	outcome	after
percutaneous	 intervention	 between	 high	 dose	 (300–325	mg)	 and	 low
dose	 (75–100	mg)	ASA,29–31	 but	 did	 show	 increased	major	 bleeding
with	 high	 dose.30,31	 Most	 recent	 guidelines	 give	 a	 class	 IIa
recommendation	 to	 81	 mg	 dose	 for	 maintenance	 therapy,	 instead	 of
traditional	325	mg.3
Contraindications	 include	 allergy,	 serious	 active	bleeding,	 and	 severe
uncontrolled	hypertension	(risk	of	intracranial	hemorrhage).

P2Y12	 inhibitors	 (including	clopidogrel,	 ticagrelor,	prasugrel)	 irreversibly
inhibit	 the	 activation	 of	 P2Y12,	 which	 subsequently	 blocks	 activation	 of
downstream	 GP	 IIb/IIIa,	 ultimately	 inhibiting	 platelet	 aggregation.	When
combined	with	aspirin,	 the	antiplatelet	effect	 is	synergistic.	Clopidogrel	or
ticagrelor	is	indicated	for	all	patients	with	ACS	who	are	treated	with	either
early	invasive	or	ischemia-guided	strategy.3

Clopidogrel	 is	 a	 prodrug,	 which	 requires	 CYP2C19	 for	 activation;
thus,	 the	 onset	 of	 action	 is	 slower.	 It	 is	 an	 irreversible	 inhibitor	 of
P2Y12.	 Some	 patients	with	 low	 levels	 of	CYP2C19	may	 not	 get	 the
full	platelet	inhibitory	effect.32

Clopidogrel	 added	 to	 aspirin	 in	 patients	 with	 UA/NSTEMI
reduced	 cardiovascular	 death,	 MI,	 and	 stroke.33	 In	 addition,
clopidogrel	has	been	shown	to	be	beneficial	when	used	in	patients
with	NSTEMI	undergoing	PCI.34
Give	a	 loading	dose	of	300–600	mg	PO	followed	by	75	mg	PO
daily.	Loading	dose	of	600	mg	is	preferred	in	STEMI4	and	is	also
reasonable	 in	 patients	 being	 managed	 with	 early	 invasive
approach.29

Prasugrel	 has	more	 rapid	 onset	 than	 clopidogrel,	 though	 it	 also	 is	 a
prodrug.	 It	 is	 a	 stronger	 P2Y12	 inhibitor	 than	 the	 other	 drugs	 and	 is
irreversible.

Prasugrel,	 compared	 with	 clopidogrel,	 showed	 no	 difference	 in
mortality,	MI,	stroke,	or	bleeding	in	patients	with	ACS	on	aspirin
not	undergoing	PCI.35
When	 compared	 with	 clopidogrel	 in	 patients	 on	 aspirin



undergoing	 PCI,	 prasugrel	 reduces	 risk	 of	 MI	 and	 stent
thrombosis,	but	increases	bleeding	risk,	with	no	overall	difference
in	mortality.36
Prasugrel	 should	 not	 be	 used	 in	 patients	 with	 prior	 stroke	 or
transient	ischemic	attack.3,4,36
Most	recent	2014	AHA/ACC	guidelines	do	not	recommend	using
prasugrel	as	upfront	therapy	in	patients	with	ACS/NSTEMI,3	but
it	may	be	used	in	patients	with	STEMI.4
Give	 prasugrel	 60	 mg	 loading	 dose	 followed	 by	 10	 mg	 daily
dose.4

Ticagrelor	 is	a	 reversible	P2Y12	 inhibitor	with	more	 rapid	onset	and
shorter	half-life.	 It	 is	not	a	prodrug	and	 is	 thus	not	dependent	on	 the
cytochrome	P450	system.

Ticagrelor	had	lower	rates	of	overall	mortality	and	MI	and	similar
rates	of	bleeding	when	compared	 to	clopidogrel	 in	patients	with
ACS	on	aspirin.37
Most	 recent	 2014	 AHA/ACC	 guidelines	 give	 preference	 to
ticagrelor	over	clopidogrel,	a	class	IIa	recommendation.3
Give	a	180-mg	loading	dose,	then	90	mg	twice	daily.	The	shorter
half-life	and	twice-daily	dosing	are	a	concern	in	patients	prone	to
medication	noncompliance.

Glycoprotein	IIb/IIIa	inhibitors	(tirofiban,	eptifibatide,	abciximab)	block
platelet	aggregation	by	interfering	with	platelet	binding	to	fibrinogen.

The	 PRISM-PLUS	 trial	 (tirofiban)38	 and	 PURSUIT	 trial
(eptifibatide)39	 showed	 benefits	 of	 GP	 IIb/IIIa	 inhibitors	 in	 patients
with	ACS,	with	less	death	and	MI,	but	with	greater	bleeding.
Eptifibatide	and	 tirofiban	are	 indicated	 in	ACS	patients	with	positive
troponin	 when	 early	 invasive	 strategy	 is	 planned.3	 These	 two	 drugs
may	be	started	on	initial	management	(class	IIb	recommendation).3
It	is	also	reasonable	to	defer	GP	IIb/IIIa	inhibition	to	the	time	of	PCI,
as	 the	major	 studies	 of	 early	 administration	 versus	 administration	 at
the	 time	 of	 PCI	 did	 not	 show	 convincing	 differences	 in
UA/NSTEMI40,41	or	STEMI.42,43
Abciximab	 should	 be	 reserved	 for	 use	 at	 the	 time	 of	 PCI,	 as	 major
studies	 were	 all	 designed	 in	 this	 manner,44,45	 and	 trials	 examining
upstream	use	are	lacking	or	demonstrate	a	negative	outcome.43
In	the	GUSTO	IV-ACS	trial,	there	was	no	clinical	benefit	of	abciximab



in	 troponin-negative	 patients46;	 thus	 routine	 use	 of	 GP	 IIb/IIIa
inhibitors	is	not	recommended	in	this	setting.
Dosing

Eptifibatide:	 loading	 180	 mcg/kg	 (max	 22.6	 mg)	 then	 2
mcg/kg/min	for	18–24	hours
Tirofiban:	 loading	 25	 mcg/kg	 then	 0.15	 mcg/kg/min	 for	 18–24
hours.	Renal	adjustment	recommended
Abciximab:	 loading	 0.25	 mg/kg	 then	 0.125	 mcg/kg/min	 for	 12
hours

Anticoagulation	Therapy

In	 our	 practice,	 it	 is	 typical	 to	 use	 unfractionated	 heparin	 (UFH)	 in	most
patients	with	ACS.	It	 is	reasonable	 to	use	a	 low	molecular	weight	heparin
(LMWH)	 such	 as	 enoxaparin	 as	 an	 alternative,	 except	 in	 STEMI	 or	 in
patients	with	 creatinine	 clearance	<	 30.	Given	 their	 ease	 of	 subcutaneous
administration,	enoxaparin	and	a	factor	Xa	inhibitor,	such	as	fondaparinux,
are	reasonable	alternatives	to	UFH	when	an	ischemia-guided	approach	(see
below)	is	chosen,	provided	creatinine	clearance	is	>30.	Given	its	increased
cost,	 need	 for	 continuous	 IV	 drip,	 and	 concern	 for	 increased	 acute	 stent
thrombosis,	we	rarely	use	bivalirudin.
Heparin	 agents	 are	 indirect	 thrombin	 inhibitors	 that	 complex	 with
antithrombin	 to	 inactivate	 thrombin	 (aka	 factor	 IIa)	 and	 factor	 Xa,
subsequently	preventing	coagulation.	Anticoagulation	should	be	added	to
antiplatelet	 therapy	 in	 all	 patients	 with	 ACS.	 Guidelines	 for
ACS/NSTEMI	 do	 not	 specify	 a	 preference	 between	 UFH,	 LMWH,
fondaparinux,	 or	 the	 bivalirudin,3	 while	 STEMI	 guidelines	 support	 either
UFH	or	bivalirudin.4
Studies	 showing	 benefit	 of	 heparins	 versus	 placebo	 were	 generally
performed	 in	 the	era	prior	 to	early	 revascularization	and	P2Y12	 inhibitors,
such	as	clopidogrel.	Nonetheless,	a	pooled	analysis	of	smaller	trials	showed
a	 significant	 47%	 reduction	 in	 death	or	MI	 at	 7	 days	with	 either	UFH	or
LMWH	versus	placebo.47
Unfractionated	 heparin:	 Dosage	 should	 be	 weight	 based.	 Start	 with	 an
initial	loading	dose	of	60	IU/kg	(maximum	4000	IU)	and	an	infusion	rate	of
12	IU/kg/h	(maximum	1000	IU/h).3	Adjust	 the	dose	based	on	institutional
nomograms.	Follow	the	complete	blood	count	daily	to	monitor	for	heparin-
induced	 thrombocytopenia.	 The	 optimal	 duration	 of	 therapy	 is	 not



established,	but	in	most	trials,	it	was	continued	for	2–4	days.
Low	 molecular	 weight	 heparin	 (LMWH)	 such	 as	 enoxaparin	 and
dalteparin	 have	 a	 molecular	 weight	 one-third	 that	 of	 UFH	 and	 have	 less
anti-IIa	 effect.	 Anti–factor	 Xa	 levels	 can	 be	 measured	 to	 monitor	 the
antithrombotic	effect	of	LMWH,	though	it	is	not	required.

Earlier	 trials	 comparing	LMWH	with	UFH	showed	 small	 benefits	 of
LMWH	 in	 terms	 of	 death,	 MI,	 recurrent	 angina,	 or	 need	 for
revascularization.48–50	 These	 trials	 mainly	 used	 an	 ischemia-guided
approach.
However,	the	best	evidence	probably	comes	from	the	SYNERGY	trial,
which	 compared	 UFH	 to	 enoxaparin	 in	 patients	 treated	 with	 dual
antiplatelet	 therapy,	 most	 of	 whom	 underwent	 revascularization.	 No
significant	difference	was	found	in	death	or	MI,	but	there	was	a	small
increase	in	bleeding	with	LMWH.51
LMWH	 is	 generally	 accepted	 to	 have	 similar	 efficacy,	 require	 less
monitoring	 due	 to	 predictable	 anticoagulant	 effects,	 and	 induce	 less
thrombocytopenia	 than	 does	 UFH.	 However,	 the	 level	 of
anticoagulation	is	difficult	to	assess,	and	effects	are	harder	to	reverse.
For	this	reason,	we	prefer	UFH	if	early	invasive	approach	(see	below)
is	 utilized.	 Based	 on	 the	 ATOLL	 study,52	 UFH	 is	 also	 preferred	 for
STEMI.4
Typical	dosing	of	enoxaparin	is	1	mg/kg	SC	q12	hours	in	patients	up
to	 100	 kg.3	 The	 renal	 dose	 adjustment	 (creatinine	 clearance	 <	 30
mL/min)	is	1	mg/kd	SC	q24	hours;	obesity	dosing	is	unclear.3

Direct	thrombin	inhibitors	(DTIs):	Hirudin	was	one	of	 the	earliest	DTIs
to	 be	 studied,	 but	 initial	 results	 were	 unconvincing,	 leading	 to	 the
development	of	a	synthetic	DTI	called	bivalirudin.	Bivalirudin	 should	be
reserved	for	patients	planning	to	undergo	PCI,3,4	as	it	has	not	been	studied
outside	of	this	indication.

Most	 trials	 of	 bivalirudin	 versus	 heparin	 are	 confounded	 by
glycoprotein	 IIb/IIIa	 inhibitor	 use,	 overwhelmingly	 in	 the	 heparin
group.	Three	 studies	 compared	 bivalirudin	 alone	 versus	 heparin	 plus
GP	 IIb/IIIa	 and	 showed	 no	 difference	 in	 death,	 MI,	 or	 urgent
revascularization,	 but	 significantly	 less	 bleeding	 in	 the	 bivalirudin
group.53–55
In	 the	 ACUITY	 trial,	 bivalirudin,	 with	 or	 without	 a	 GP	 IIb/IIIa
inhibitor,	was	compared	with	heparin	plus	a	GP	IIb/IIIa	 inhibitor;	 the
results	showed	bivalirudin	alone	to	be	noninferior	to	the	control	group



in	 terms	 of	 death,	 MI,	 and	 unplanned	 revascularizations,	 with	 less
bleeding.56
Bivalirudin	 plus	 GP	 IIb/IIIa	 inhibitor	 had	 similar	 findings,	 but	 with
increased	bleeding.56
A	major	caveat	to	bivalirudin	usage	is	found	in	the	HEAT-PPCI	trial,
which	was	 a	more	 direct	 comparison	 of	 bivalirudin	 to	 heparin,	with
similar	 rates	 of	 usage	 of	 GP	 IIb/IIIa	 inhibitors	 in	 both	 groups.57	 It
showed	an	increase	in	the	composite	outcome	in	the	bivalirudin	group,
seemingly	 driven	 mainly	 by	 a	 large	 increase	 in	 acute	 stent
thrombosis	(within	24	hours),	with	3.91	relative	risk	for	bivalirudin
(3.4%	 in	 bivalirudin,	 0.9%	 in	 heparin).57	 A	meta-analysis	 confirmed
this	 finding	 with	 3.86	 relative	 risk	 of	 acute	 stent	 thrombosis	 in
bivalirudin	groups	compared	to	heparin	groups.58
Given	 the	 high	 cost	 of	 bivalirudin	 and	 recent	 concerns	 of	 increased
acute	stent	thrombosis,	we	use	heparin	in	preference	to	bivalirudin,
though	AHA/ACC	guidelines	(published	before	the	HEAT-PPCI	trial57
or	the	2014	meta-analysis)58	consider	them	equivalent.3,4
However,	 it	may	 be	 reasonable	 to	 use	 bivalirudin	 in	 patients	 at	 high
risk	 for	bleeding,	given	 the	apparent	 superior	bleeding	profile.	When
used	in	this	setting,	the	loading	dose	should	be	at	0.10	mg/kg	followed
by	0.25	mg/kg/h.3	Continue	until	PCI	or	a	few	hours	after	PCI.

Factor	Xa	inhibitors:	These	drugs	tend	to	inhibit	downstream	coagulation
reactions,	 reducing	 the	 production	 of	 thrombin.	 The	 prototype,
fondaparinux,	 is	 renally	 cleared,	 does	 not	 need	 to	 be	 monitored	 by
laboratory	testing,	has	a	longer	half-life,	and	behaves	in	a	more	predictable
manner	in	terms	of	its	pharmacokinetics.	Fondaparinux	was	compared	with
LMWH	 in	 the	 OASIS-5	 study,	 with	 the	 results	 demonstrating	 similar
primary	 composite	 outcomes	 with	 less	 bleeding.59	 It	 should	 be	 noted,
however,	 that	 there	 was	 an	 increased	 incidence	 of	 catheter-associated
thrombus,	which	prompted	the	addition	of	UFH	to	the	fondaparinux	group.
Based	 on	 this,	 if	 coronary	 angiography/PCI	 is	 planned,	 we	 use	 UFH.
Fondaparinux	may	be	used	as	alternative	to	LMWH	or	UFH	in	patients	who
have	a	high	bleeding	risk	and	are	being	managed	noninvasively.3	Dosing	is
2.5	mg/kg	SC	q24	hours;	avoid	in	patients	with	a	creatinine	clearance	<	30.

Other	Nonpharmacologic	Therapies



There	 are	 two	approaches	 to	 the	 treatment	of	UA/NSTEMI:	 the	 early	 invasive
and	ischemia-guided	strategies.

The	early	invasive	approach	involves	cardiac	catheterization	with	possible
revascularization	of	the	target	lesion.

This	 approach	more	quickly	 identifies	patients	 at	very	 low	 risk	 (e.g.,
no	significant	CAD)	and	very	high	risk	(e.g.,	left	main	or	three-vessel
CAD).	 It	 offers	 immediate	 revascularization	of	 the	culprit	 lesion	and
prevention	of	recurrent	angina	and	ischemia.
Multiple	 meta-analyses	 suggest	 that	 the	 early	 invasive	 strategy	 is
superior	to	the	ischemia-guided	approach,	especially	when	examining
long-term	outcomes.60–62	This	is	especially	true	for	patients	with	high-
risk	 features,	 with	 decreasing	 returns	 seen	 in	 low-risk	 patients,
highlighting	the	importance	of	risk	stratification	(see	below).
The	latest	update	to	the	AHA/ACC	guidelines	recommends	this	early
invasive	strategy	for	patients	with	UA	and	any	of	the	following	high-
risk	features3:

Recurrent	angina	or	ischemia	at	rest	or	low-level	activity	despite
intensive	medical	therapy
Hemodynamic	instability
Signs	 or	 symptoms	 of	 heart	 failure	 or	 new/worsening	 mitral
regurgitation
Sustained	ventricular	tachycardia	or	fibrillation
Elevated	cardiac	markers	with	temporal	change
New	ST	depression
LV	ejection	fraction	≤	40%
PCI	with	stent	in	previous	6	months
Prior	coronary	artery	bypass	graft	(CABG)
Elevated	cardiac	risk	score	(see	below)

The	 ischemia-guided	 approach	 involves	 cardiac	 catheterization	 and
revascularization	only	for	patients	with	refractory	ischemia,	hemodynamic
instability,	or	a	markedly	abnormal	noninvasive	stress	test.3

This	approach	may	avoid	risks	and	costs	associated	with	unnecessary
coronary	 angiography	 while	 achieving	 similar	 outcomes	 in	 low-risk
patients.
An	 ischemia-guided	 approach	 is	 also	 recommended	 for	 patients	with
extensive	comorbidities	(e.g.,	hepatic	failure,	renal	failure,	respiratory
failure,	malignancy)	where	the	risks	of	invasive	approach	outweigh	the



benefits.3
Consider	 an	 echocardiogram;	 if	 LV	 dysfunction	 is	 present,	 then
angiography	should	be	performed	to	rule	out	left-main	or	three-vessel
coronary	disease	because	CABG	improves	survival	in	this	setting.3

Often,	risk	calculation	scores,	such	as	the	TIMI6	or	GRACE63,64	scores,	are
helpful	 to	 facilitate	 the	 decision	 to	 pursue	 either	 the	 early	 invasive	 or
ischemia-guided	strategy.

The	 TIMI	 scoring	 system6	 is	 a	 well-validated	 instrument	 to	 predict
cardiovascular	risk	(Table	4-1).	Patients	who	have	a	TIMI	risk	score	of
≥2	derive	a	greater	benefit	from	the	early	invasive	strategy.3
The	 GRACE	 score	 is	 another	 commonly	 used	 prospectively	 studied
and	 validated	 scoring	 system,	 though	 it	 is	 significantly	 more
complicated	to	calculate	(Table	4-3).63,64
If	the	ischemia-guided	strategy	is	chosen,	a	noninvasive	stress	test	can
establish	 the	 presence	 of	myocardial	 ischemia	 and	 identify	 high-risk
patients	who	would	benefit	from	angiography.	There	are	two	groups	of
patients	who	may	not	require	a	noninvasive	stress	test:

Those	at	highest	 risk	(patients	with	recurrent	 rest	angina	despite
maximal	 therapy,	 severe	 LV	 dysfunction,	 hemodynamic
instability,	 TIMI	 score	 ≥2)	 who	 will	 require	 angiography
regardless	of	the	results.3
Those	 at	 lowest	 risk	 (atypical	 symptoms	 without	 CAD	 risk
factors)	 who	 would	 not	 be	 considered	 for	 angiography	 and
revascularization	regardless	of	the	results	because	the	risk	of	true
disease	 is	 so	 low	 that	 angiography	 would	 not	 offer	 significant
benefit.	Patients	with	TIMI	score	of	0–1	with	negative	ECG	along
with	 serial	 negative	 troponins	 at	 presentation	 and	2	hours	had	 a
negative	predictive	value	of	>99%	for	a	major	cardiac	event	and
can	be	discharged	safely	without	stress	testing.13–15
Stress	testing	is	discussed	earlier	as	well	as	in	Chapter	1.

TABLE	4-3	GRACE	RISK	SCORE



Add	all	values.
Scores	>	140	generally	favorable	to	early	invasive	strategy	within	24	h.
Scores	109–140	generally	favorable	to	early	invasive	strategy	25–72	h.
CHF,	congestive	heart	failure;	JVD,	jugulovenous	distension
Adapted	 from	 Fox	 KA,	 Dabbous	 OH,	 Goldberg	 RJ,	 et	 al.	 Prediction	 of	 risk	 of	 death	 and	 myocardial
infarction	 in	 the	 six	 months	 after	 presentation	 with	 acute	 coronary	 syndrome:	 prospective	multinational
observational	study	(GRACE).	BMJ	2006;333:1091–4,	Ref.63;	Elbarouni	B,	Goodman	SG,	Yan	RT,	 et	 al.



Validation	of	 the	global	 registry	of	acute	coronary	event	 (GRACE)	 risk	 score	 for	 in-hospital	mortality	 in
patients	with	acute	coronary	syndrome	in	Canada.	Am	Heart	J	2009;158(3):392–9,	Ref.64

TREATMENT	OF	STEMI
The	initial	goals	in	managing	STEMI	are	as	follows4:

Rapid	 confirmation	 of	 diagnosis	with	ECG	 showing	ST	 elevation	 or	 new
LBBB,	preferably	by	EMS	(as	described	earlier)
Assessment	 and	 implementation	 of	 possible	 reperfusion	 strategies,
preferably	PCI
Administration	 of	 antithrombotic	 and	 antiplatelet	 therapy	 and	 other
adjunctive	medications
Recognition	and	correction	of	hemodynamic	abnormalities
Control	of	ischemic	pain

Medications
Once	 the	 diagnosis	 of	 STEMI	 has	 been	 established,	 consider	 the	 following
adjunctive	 medications	 while	 evaluating	 for	 reperfusion	 (see	 earlier	 text	 for
details):	aspirin,	a	P2Y12	inhibitor,	GP	IIb/IIIa	inhibitor,	heparin,	β-blocker,	ACE
inhibitor	or	ARB,	high-intensity	statin,	NTG,	and	morphine	sulfate.4

Reperfusion
Percutaneous	coronary	intervention	(PCI)

Optimal	time	to	PCI	is	90	minutes	from	first	medical	contact.4
If	 the	 patient	 first	 arrives	 to	 a	 non–PCI-capable	 hospital,	 the
recommended	 strategy	 is	 to	 transfer	 to	 a	 PCI-capable	 hospital,
provided	PCI	can	be	performed	within	120	minutes	from	first	medical
contact.4
If	this	is	not	possible,	consider	thrombolysis	(see	below).4
Some	 patients	 delay	 in	 seeking	 medical	 care	 after	 onset	 of
symptoms65;	 however,	 it	 is	 still	 recommended	 to	 perform	 acute
reperfusion	 within	 12	 hours	 of	 symptom	 onset	 in	 patients	 with	 ST-



segment	elevation	or	new	LBBB.4
Patients	 with	 >12	 hours	 but	 <24	 hours	 of	 symptoms	 should	 still	 be
considered	 for	 reperfusion	 if	 there	 is	 clinical	 or	 ECG	 evidence	 of
ongoing	 ischemia.4	 PCI	 should	 be	 performed	 in	 all	 patients	 with
STEMI	complicated	by	acute	severe	heart	failure	or	cardiogenic	shock
regardless	 of	 time	 from	 symptom	 onset;	 thrombolysis	 should	 not	 be
performed	in	these	patients.4
Emergent	percutaneous	coronary	intervention

Emergent	 PCI	 has	 advantages	 of	 increased	 early	 efficacy	 in
opening	occluded	arteries,	lower	rates	of	hemorrhagic	stroke,	and
improved	survival.
A	 systematic	 review	 of	 randomized	 clinical	 trials	 found	 that
primary	PCI	versus	thrombolysis	reduced	short-term	mortality	by
27%	(number	needed	to	treat	[NNT]	43),	nonfatal	reinfarction	by
65%	(NNT	23),	total	stroke	by	54%	(NNT	93),	and	hemorrhagic
stroke	 by	 95%	 (NNT	 93).66	 Given	 the	 lower	 stroke	 risk	 and
higher	 efficacy,	 PCI	 is	 the	 reperfusion	 method	 of	 choice	 in
hospitals	 with	 the	 capacity	 for	 emergent	 PCI	 and	 adequate
experience.4
If	 PCI	 is	 not	 available	 or	 if	 thrombolysis	 is	 contraindicated,
transfer	 to	 a	 facility	 capable	 of	 emergent	 PCI	 should	 be
considered	as	outlined	above.4
As	 a	 note	 of	 caution,	 data	 suggest	 only	 that	 30%	of	 transferred
patients	meet	this	goal	of	transfer	for	PCI	within	120	minutes;	the
median	time	was	149	minutes.67

Thrombolysis
Advantages	 of	 thrombolysis	 are	 widespread	 availability	 and	 fast
administration.
The	benefit	of	early	thrombolytic	therapy	(within	12	hours	of	symptom
onset)	 is	 well	 studied.	 Pooled	 data	 from	 the	 Fibrinolytic	 Therapy
Trialists’	Collaborative	Group	showed	an	18%	reduction	in	mortality.68
However,	 thrombolytics	 increase	 the	 risk	 of	 hemorrhage,	 including
hemorrhagic	 stroke	 in	 1%.66	 Predictive	 factors	 for	 stroke	 and
intracranial	 hemorrhage	 include	 age	 ≥65	 years,	weight	 <	 70	 kg,	 and
HTN	on	admission.
Time:	30	minutes	from	first	medical	contact.
Agents:	Fibrin	specific	(tissue	plasminogen	activator	[tPA],	reteplase,
anistreplase,	 tenecteplase)	 are	 preferred	 to	 nonfibrin	 specific



(streptokinase).4
Perform	 thrombolysis	 only	 on	 STEMI	 patient	 who	 cannot	 be
transferred	for	a	PCI	within	120	minutes.4	Never	perform	thrombolysis
in	NSTEMI	or	UA.3
Contraindications	should	always	be	carefully	considered	(Table	4-4).
Rescue	PCI:	As	 15–50%	 of	 patients	 do	 not	 achieve	 coronary	 artery
patency	 with	 thrombolytics,69	 patients	 with	 ongoing	 symptoms	 and
persistent	 ST-segment	 elevation	 after	 thrombolysis	 should	 be
considered	for	emergent	transfer	for	rescue	PCI.4	Even	for	successful
thrombolysis,	 guidelines	 recommend	 PCI	 for	 all	 patients	 3–24	 hours
after	thrombolysis.4

TABLE	4-4	CONTRAINDICATIONS	TO	THROMBOLYSIS

BP,	blood	pressure;	CPR,	cardiopulmonary	resuscitation;	HTN,	hypertension.
Adapted	 from	 O’Gara	 PT,	 Kushner	 FG,	 Ascheim	 DD,	 et	 al.	 2013	 ACCF/AHA	 guideline	 for	 the
management	of	ST-elevation	myocardial	infarction:	executive	summary.	Circulation	2013;127:529–55.
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Approach	to	the	Patient	with	Syncope
5

James	Matthew	Freer

GENERAL	PRINCIPLES

Definition
Syncope	 is	 defined	 as	 a	 sudden,	 brief	 loss	 of	 consciousness	 and	 postural
tone	 due	 to	 cerebral	 hypoperfusion.	 It	 is	 characterized	 by	 rapid	 and
complete	recovery.
Syncope	is	a	common	disorder,	occurring	in	11%	of	the	Framingham	Study
registry	over	17	years	of	follow-up.1
The	cumulative	lifetime	incidence	of	syncope	may	be	as	high	as	35%.2	It	is
responsible	 for	 a	 sizable	 percentage	 of	 emergency	 visits	 and	 1%	 of	 all
hospital	admissions.3
The	 presence	 of	 cardiovascular	 disease	 and	 elderly	 age	 are	 strong	 risk
factors	 for	 syncope,	 though	 syncope	 is	more	 common	 in	 adolescence	 and
young	adulthood	than	in	middle	age.1
Presyncope	refers	to	symptoms	that	do	not	result	in	loss	of	consciousness;
controversy	 exists	 regarding	 the	 relationship	 between	 presyncopal
symptoms	and	true	syncope	in	a	patient	experiencing	both.

Etiology
Causes	of	syncope	are	detailed	in	Table	5-1.

TABLE	5-1	CAUSES	OF	SYNCOPE



Adapted	from	Soteriades	ES,	Evan	JC,	Larson	MG,	 et	 al.	 Incidence	 and	 prognosis	 of	 syncope.	N	Engl	 J
Med	2002;347:878–85.

Neurocardiogenic	 (also	 referred	 to	 as	 vasovagal,	 reflex,	 or
vasodepressor)	 syncope	 is	 the	 most	 common	 form	 of	 syncope	 in	 most
patient	populations.

It	 is	 defined	 as	 a	 failure	 of	 the	 autonomic	 nervous	 system	 to	 sustain
blood	pressure	(BP)	and/or	heart	rate	sufficient	for	cerebral	perfusion.
A	number	of	mechanisms,	such	as	prolonged	standing,	strong	emotion
or	stress,	venous	pooling,	hacking	cough,	defecation,	and	micturition,
among	others,	can	activate	mechanoreceptors	that	paradoxically	cause
bradycardia	and	vasodilation,	resulting	in	syncope.
Syncope	related	to	cough,	defecation,	and	micturition	is	referred	to	as
situational	 syncope.	 Vasovagal	 syncope	 is	 generally	 a	 benign
condition;	 in	 the	 Framingham	 cohort,	 the	 long-term	 mortality	 of
patients	with	 vasovagal	 syncope	was	 identical	 to	 patients	who	 never
experienced	syncope.1

Carotid	 sinus	 hypersensitivity	 causes	 syncope	 via	 vagal	 activation	 and,
therefore,	can	be	considered	another	 type	of	 reflex	syncope.	This	entity	 is
much	 more	 common	 in	 elderly	 patients,	 particularly	 males,	 whereas
neurocardiogenic	syncope	is	more	common	in	the	young.
Cardiac	causes	of	syncope	include	the	following:

Bradyarrhythmias
Conduction	abnormalities	(i.e.,	heart	block)
Ventricular	tachycardia
Supraventricular	tachycardias
Outflow	 tract	 obstruction	 (e.g.,	 aortic	 stenosis	 or	 hypertrophic
cardiomyopathy)



Myocardial	ischemia
Pulmonary	hypertension	and	pulmonic	stenosis

Patients	 with	 cardiac	 causes	 of	 syncope	 have	 increased	 mortality	 as
compared	 to	 those	 with	 noncardiac	 causes.	When	 syncopal	 patients	 with
congestive	 heart	 failure	 (CHF)	 and/or	 coronary	 artery	 disease	 (CAD)	 are
matched	 to	 patients	 without	 syncope,	 outcomes	 are	 identical.4	 Thus,	 the
presence	or	 absence	of	CHF	and/or	CAD	 is	 responsible	 for	 the	 increased
mortality,	not	the	symptom	of	syncope.
Orthostatic	 hypotension	 can	 result	 from	 volume	 depletion,	 various
medications,	 secondary	 autonomic	 failure	 from	 diabetes	 or	 amyloidosis,
primary	autonomic	failure,	alcohol,	or	often	a	combination	of	these	factors.
Seizure	is	technically	not	syncope,	although	the	two	are	often	confused	and
some	 patients	 with	 “unknown”	 causes	 of	 syncope	 do	 have	 seizures	 after
extensive	testing.
Pulmonary	embolism	is	a	rare	cause	of	syncope.
Syncope	 is	 almost	 never	 the	 only	 manifestation	 of	 stroke.	 A	 posterior
circulation	 stroke	 or	 transient	 ischemic	 attack	 (TIA)	 may	 manifest	 as
vertigo,	which	may	be	confused	with	presyncope.
Psychiatric	causes	of	syncope	include	depression,	anxiety,	panic	disorder,
somatization,	 and	 drug	 abuse.	 This	 is	 sometimes	 referred	 to	 as
pseudosyncope,	as	most	patients	do	not	experience	cerebral	hypoperfusion
during	the	attack.	The	loss	of	consciousness	in	these	patients	may	be	due	to
hyperventilation	or	medication	 side	 effects.	Psychiatric	 causes	 of	 syncope
are	much	more	common	in	young	patients.

DIAGNOSIS

Clinical	Presentation
History
A	thorough	history	should	be	obtained	from	the	patient	and	any	bystanders.

The	timing	and	frequency	of	syncopal	episodes	can	be	important;	numerous
episodes	occurring	over	 a	 span	of	years	 are	 likely	 to	be	benign	 in	nature,
while	 those	occurring	more	recently	and	increasing	 in	frequency	are	more



likely	to	have	a	serious	cause.
A	prodrome	of	warmth,	light-headedness,	sweating,	or	nausea	is	often	seen
prior	to	neurocardiogenic/vasovagal	syncope;	vasovagal	episodes	are	also
common	during	urination,	defecation,	and	paroxysms	of	cough.
An	 aura,	 incontinence	 during	 the	 episode,	 longer	 duration	 of
unconsciousness,	or	postevent	confusion	is	suggestive	of	seizure.
Chest	 pain,	 dyspnea,	 or	 palpitations	 prior	 to	 syncope	 suggest	 a	 cardiac
cause	or	pulmonary	embolism,	as	does	syncope	during	exercise.	Syncope
after	exercise,	conversely,	is	often	neurocardiogenic.
A	 recent	 history	 of	 diarrhea,	 vomiting,	 excessive	 exposure	 to	 heat,	 or
medication	changes	is	suggestive	of	orthostasis.
The	 patient	 should	 be	 asked	 about	 any	 focal	 neurologic	 symptoms	 that
could	be	suggestive	of	TIA	or	stroke.
Carotid	 sinus	 hypersensitivity	 is	 suspected	 in	 the	 patient	 with	 an	 event
while	shaving,	wearing	a	tight	shirt	collar,	or	turning	the	neck	suddenly.
The	 past	 medical	 history	 should	 focus	 on	 the	 presence	 or	 absence	 of
underlying	cardiac	and	neurologic	disease.
A	 complete	 medication	 and	 social	 history	 should	 be	 obtained,	 and	 the
family	history	should	focus	on	any	history	of	sudden	cardiac	death.

Physical	Examination
Perform	a	careful	physical	examination	on	all	patients,	with	special	focus	on	the
cardiovascular	and	neurologic	exams.

Vital	signs	should	be	recorded,	 including	 the	documentation	of	orthostatic
BP	and	pulse	(drop	of	systolic	BP	by	≥20	mm	Hg	or	increase	in	heart	rate
by	≥30,	3–5	minutes	after	standing).
Such	findings	as	an	irregular	pulse,	brady-	or	tachycardia,	cardiac	murmur,
or	focal	neurologic	signs	can	suggest	an	etiology	of	syncope,	or	a	diagnosis
other	than	syncope,	and	guide	further	management.
The	presence	or	absence	of	carotid	bruits	should	be	documented,	as	carotid
sinus	massage	is	not	recommended	in	the	presence	of	a	bruit.

Diagnostic	Testing
The	goals	of	the	diagnostic	workup	in	syncope	are	twofold:

First,	it	should	be	determined	if	the	event	was	truly	syncope	or	presyncope,
versus	 sudden	 cardiac	 death,	 seizure,	 vertigo,	 intoxication,	 or	 drop	 attack



(loss	of	postural	tone	without	loss	of	consciousness).
If	the	patient’s	event	is	consistent	with	syncope,	a	thorough	history	and
physical	 exam	 (as	 above),	 along	 with	 an	 electrocardiogram	 (ECG),
should	be	obtained	to	offer	prognostic	information	as	well	as	to	guide
further	workup.
The	history	and	physical	exam	will	reveal	a	likely	diagnosis	in	45%	of
cases.5
An	 ECG	will	 increase	 the	 diagnostic	 yield	 by	 only	 5%,	 but	 it	 is	 an
inexpensive	and	noninvasive	test	that	may	also	reveal	the	presence	of
underlying	cardiac	disease.5
Further	diagnostic	 tests	can	be	obtained	based	on	 this	 initial	workup.
In	 large	 series,	 the	 underlying	 cause	 of	 syncope	 varies	 based	 on	 the
patient	 population,	 but	 the	 etiology	 may	 remain	 unclear	 in	 >1/3	 of
patients	even	after	exhaustive	workup.1,6

Second,	 the	 patient	 can	 be	 risk	 stratified	 based	 on	 historical	 information,
the	 presence	 or	 absence	 of	 underlying	 cardiac	 disease,	 and	 the	 ECG	 to
determine	 the	 need	 for	 hospital	 admission.	 The	 European	 Society	 of
Cardiology	 and	 the	 American	 College	 of	 Emergency	 Physicians	 have
published	 guidelines	 on	 the	 need	 for	 hospitalization	 in	 patients	 with
syncope.7,8

In	 general,	 older	 patients	 (especially	 those	 >65	 years	 of	 age)	 and
patients	with	known	or	suspected	congestive	or	ischemic	heart	disease
should	 be	 admitted	 for	 further	 testing	 and	 telemetry	monitoring	 (see
Table	5-2).
In	a	patient	<45	years	with	a	normal	EKG	and	no	history	of	CHF	or
ventricular	 arrhythmia,	 the	 risk	 of	 death	 from	 any	 cause	 at	 1	 year	 is
<2%,	and	the	risk	of	arrhythmia	at	1	year	is	~5%.9

An	etiology	of	syncope	will	be	apparent	in	up	to	one-half	of	patients	after	a
thorough	history,	physical	exam,	and	ECG.	In	these	patients,	confirmatory
testing	may	be	 indicated	and	 treatment	 should	be	aimed	at	 the	underlying
disorder.	In	the	remainder,	a	decision	must	be	made	regarding	the	necessity
and	timing	of	further	workup.
Figure	5-1	outlines	a	suggested	diagnostic	algorithm.
Patients	without	 evidence	 of	 underlying	 heart	 disease	 by	 history	 and
ECG:

Neurocardiogenic	and	psychiatric	causes	of	syncope	are	common	in
younger	patients	without	underlying	heart	disease.
Further	 testing	 in	 these	 patients	 is	 generally	 not	 indicated	 unless	 the



circumstances	 of	 the	 event	 were	 serious	 (e.g.,	 leading	 to	 significant
trauma),	 the	 episodes	 are	 frequent,	 or	 repeated	 episodes	 of	 syncope
would	be	especially	dangerous	(e.g.,	syncope	in	a	trucker	or	pilot).
Tilt-table	testing	was	traditionally	performed	to	confirm	vasovagal
syncope.	 However,	 tilt-table	 testing	 has	 poor	 reproducibility	 and
cannot	 be	 compared	 to	 a	 true	 gold	 standard	 test.	 For	 this	 and	 other
reasons,	 tilt-table	 testing	 has	 conflicting	 recommendations	 in	 expert
guidelines.8,10
In	 the	 event	 of	 a	 negative	 tilt-table	 test	 (if	 performed)	 and	 repeated
syncope,	either	external	or	 internal	cardiac	 loop	recording	 to	monitor
for	 arrhythmia	 can	 be	 considered.	 Carotid	 sinus	 massage	 should	 be
utilized	in	older	patients	with	unexplained	syncope.
An	echocardiogram	may	also	be	 indicated	 in	older	patients	 to	 screen
for	underlying	cardiac	or	valvular	disease,	even	with	a	negative	history
and	normal	ECG.

Patients	with	underlying	heart	disease
Patients	 with	 underlying	 heart	 disease	 and	 syncope	 are	 at	 increased
risk	of	mortality	as	compared	to	patients	with	syncope	and	no	cardiac
disease.	Viewed	 in	a	vacuum,	an	echocardiogram	will	only	 reveal	 a
specific	cause	of	syncope	in	3%	of	patients.11
The	 echocardiogram	 is	 useful	 for	 risk	 stratification,	 however,	 as	 a
normal	 echo	 makes	 arrhythmia,	 particularly	 ventricular	 arrhythmia,
less	 likely.	 Findings	 on	 echo	 that	may	 guide	 further	workup	 include
valvular	 abnormalities,	 a	 reduced	 ejection	 fraction	 (EF),	 evidence	 of
hypertrophic	cardiomyopathy,	and	focal	wall-motion	abnormalities.
A	 stress	 test	 should	 be	 considered	 in	 patients	 with	 structural	 heart
disease	 and	 especially	 in	 those	 with	 symptoms	 during	 exercise	 or
symptoms	 suggestive	 of	 ischemia.	 Causes	 of	 syncope	 discovered	 on
echocardiography	or	stress	testing	should	be	treated	accordingly.
Arrhythmias	 are	 a	 major	 diagnostic	 consideration	 in	 patients	 with
syncope	 and	 underlying	 heart	 disease.	The	 standard	ECG	will	 rarely
delineate	 a	 specific	 arrhythmic	 cause	 of	 syncope;	 these	 should	 be
treated	 accordingly.	 Usually,	 further	 testing	 is	 needed	 to	 reveal	 an
underlying	arrhythmia;	these	options	are	detailed	below.
Finally,	 an	 electrophysiologic	 (EP)	 study	may	 be	 considered,	 and	 an
implantable	defibrillator	may	be	indicated	in	some	patients	with	a	low
EF	even	in	the	absence	of	documented	arrhythmia.



FIGURE	5-1	Suggested	diagnostic	algorithm.

TABLE	 5-2	 INDICATIONS	 FOR	 HOSPITAL	 ADMISSION	 IN
PATIENTS	WITH	SYNCOPE

Adapted	from	Huff	JS,	Decker	WW,	Quinn	JV,	et	al.	Clinical	policy:	critical	 issues	 in	 the	evaluation	and
management	 of	 adult	 patients	 presenting	 to	 the	 emergency	 department	 with	 syncope.	 Ann	 Emerg	 Med
2007;49:431–44;	Moya	A,	Sutton	R,	Ammirati	 F,	 et	 al.	Guidelines	 for	 the	 diagnosis	 and	management	 of



syncope.	Eur	Heart	J	2009;30:2631–71.

Laboratories
Basic	labs	such	as	a	complete	blood	count	and	basic	metabolic	profile	are
rarely	 useful	 in	 the	 workup	 of	 syncope	 but	 may	 occasionally	 reveal
contributing	 factors	 such	 as	 anemia,	 infection,	 renal	 failure,	 or	 electrolyte
abnormalities.
A	fingerstick	blood	glucose	should	be	obtained	by	paramedics	at	the	scene
or	in	the	emergency	department	to	exclude	hypoglycemia.

Electrocardiography
As	stated	above,	an	ECG	will	yield	a	diagnosis	in	only	about	5%	of	patients	but
is	still	recommended.	Helpful	abnormalities	on	an	ECG	include	the	presence	of
brady-	 or	 tachyarrhythmias,	 atrioventricular	 block,	 bundle-branch	 block,	 a
prolonged	 QT	 interval,	 left	 ventricular	 hypertrophy,	 old	 signs	 of	 myocardial
infarction,	or	signs	of	active	myocardial	ischemia.	Alternatively,	a	normal	ECG
makes	arrhythmia	less	likely,	though	certainly	not	impossible.

Imaging
Neurologic	 imaging—computed	 tomography	 (CT)	 of	 the	 head,	magnetic
resonance	 imaging	 (MRI)/magnetic	 resonance	 angiography,	 and	 cerebral
angiography—is	extremely	low	yield	in	unselected	patients	with	syncope.	It
is	indicated	only	in	patients	with	focal	neurologic	signs	or	symptoms	or	in
those	with	significant	head	trauma.
Carotid	 Dopplers	 reveal	 stenosis	 in	 a	 significant	 percentage	 of	 older
patients	with	syncope,	but	in	the	vast	majority	of	these	patients,	the	carotid
stenosis	was	not	felt	to	be	the	cause	of	syncope.12	Carotid	Dopplers	are	not
indicated	in	the	routine	evaluation	of	syncope.
Ventilation/perfusion	 scanning	 or	CT	 pulmonary	 angiography	 is	 indicated
in	the	rare	patient	suspected	of	having	a	pulmonary	embolism.
Echocardiography	 may	 reveal	 a	 variety	 of	 underlying	 myocardial	 and
valvular	diseases,	as	discussed	above.



Diagnostic	Procedures
Electroencephalography	(EEG)	 is	 indicated	only	for	 those	with	possible
seizure	 or	 witnessed	 seizure-like	 activity.	 An	 EEG	 produces	 useful
information	in	very	few	unselected	patients	with	syncope.
Carotid	 sinus	 massage	 can	 be	 performed	 at	 the	 bedside	 in	 those	 with
suspected	carotid	sinus	hypersensitivity	and	no	evidence	of	carotid	bruit
or	history	of	recent	stroke,	myocardial	infarction,	or	ventricular	tachycardia.
Vigorous	 pressure	 is	 applied	 unilaterally	with	 a	 circular	movement	 to	 the
carotid	artery	just	below	the	angle	of	the	jaw	for	6–10	seconds,	with	ECG
and	noninvasive	BP	monitoring.	Carotid	massage	 is	considered	positive	 if
symptoms	 are	 reproduced	 or	 a	 sinus	 pause	 of	 ≥3	 seconds	 is	 provoked.
Complications	 are	 serious	 but	 rare,	 with	 neurologic	 complications	 in
<0.2%.
Stress	testing	may	reveal	 the	presence	of	coronary	artery	disease	and	 is
also	 useful	 in	 reproducing	 symptoms	 in	 patients	 with	 syncope	 during
exercise.
Passive,	 head-up	 tilt-table	 testing	 is	 a	 provocative	 test	 for
neurocardiogenic/vasovagal	syncope,	involving	a	table	that	quickly	brings
the	patient	from	supine	to	erect	and	holds	this	position	for	10–45	minutes.
ECG	and	noninvasive	BP	monitoring	are	performed	throughout	the	test,	and
pharmacologic	 agents	 (isoproterenol,	 nitrates,	 and	 adenosine)	 can	 be
administered	if	there	is	no	response	initially.	The	test	is	positive	if	there	is
loss	of	consciousness	or	posture	with	a	significant	fall	 in	BP	or	heart	rate.
The	reported	sensitivity	of	tilt-table	testing	varies	widely,	and	the	specificity
is	~90%.10	 Between	 50%	 and	 62%	 of	 patients	with	 unexplained	 syncope
will	have	a	positive	tilt-table	test.	The	reproducibility	of	repeated	tilt-table
testing	 is	 good	 for	 those	with	 an	 initial	 negative	 result	 but	 poor	 for	 those
with	a	positive	test.13	Interpreting	the	operating	characteristic	of	this	test	is
challenging	as	there	is	no	true	gold	standard	test.
Psychiatric	evaluation	should	be	considered	in	young	patients	in	otherwise
good	health	with	recurrent	syncope.
Evaluation	 for	 arrhythmia:	 Several	 options	 are	 available	 to	 assess	 for
arrhythmia	as	the	cause	of	syncope.	Patients	in	whom	admission	is	deemed
necessary	 should	 first	 be	monitored	 on	 continuous	 telemetry	 during	 their
hospital	stay.	The	goal	of	inpatient	or	outpatient	cardiac	rhythm	monitoring
is	to	correlate	a	syncopal	episode	with	the	cardiac	rhythm	(i.e.,	symptom–
rhythm	correlation),	thus	ruling	in	or	out	arrhythmia	as	the	etiology.



Ambulatory	ECG	(Holter)	monitoring:	This	consists	of	continuous
monitoring	 of	 the	 cardiac	 rhythm	 for	 24–48	 hours.	 Prior	 inpatient
telemetry	 monitoring	 usually	 obviates	 the	 need	 for	 an	 outpatient
Holter.	 This	 type	 of	monitoring	 is	 best	 suited	 for	 patients	with	 very
frequent	 episodes	 of	 syncope	 or	 palpitations.	 The	 yield	 is	 low,
generally	 <20%,	 with	 few	 patients	 actually	 experiencing	 a	 syncopal
episode	during	the	monitoring	period.8
Continuous	 external	 cardiac	 monitoring	 (i.e.,	 event	 recorder):
External	loop	recorders	allow	monitoring	for	a	longer	period	of	time,
usually	 30–60	 days.	 Patients	 must	 apply	 telemetry	 leads	 every
morning,	and	the	patient	or	a	witness	then	triggers	the	device	during	an
event;	 the	 device	 then	 stores	 the	 rhythm	 strip	 from	 several	 minutes
prior	 to	 the	 activation	 to	 30–60	 seconds	 following	 activation.	 These
recorders	 are	 useful	 in	 patients	 who	 have	 events	 at	 least	 once	 per
month.	In	general,	 loop	recorders	have	a	higher	diagnostic	yield	 than
do	Holter	monitors;	one	paper	showed	symptom–rhythm	correlation	in
63%	of	patients,	though	other	studies	have	not	been	as	favorable.8,14
Implantable	 loop	 recorders	 are	 devices	 that	 are	 implanted	 in	 a
patient’s	subcutaneous	tissue	and	sense	the	cardiac	rhythm.	There	are
no	 transvenous	 leads,	 and	 thus	 the	 risk	 of	 bloodstream	 infection	 is
negligible.	They	are	capable	of	recording	cardiac	rhythm	for	as	long	as
3	years.	A	recording	is	activated	by	the	patient	or	a	bystander,	and	the
preceding	 and	 subsequent	 rhythms	 are	 then	 recorded.	Newer	devices
automatically	 record	 significant	 arrhythmias	 as	 well,	 and	 telemetry
information	 can	 be	 transmitted	 to	 the	 provider	 frequently	 via
telephone.	The	device	may	be	explanted	once	a	diagnosis	 is	made	or
the	 battery	 fails.	 Several	 studies	 have	 demonstrated	 that,	 in	 carefully
selected	 patients,	 the	 device	 is	 both	 useful	 (symptom–rhythm
correlation	 as	 high	 as	 90%,	 though	 results	 have	 varied	 widely)	 and
cost-effective.8,11,15
Electrophysiologic	 (EP)	 testing	 involves	 the	 insertion	 of	 a
transvenous	 catheter	 into	 the	 heart	 to	 assess	 susceptibility	 to	 various
arrhythmias	 as	 well	 as	 sinus	 and	 atrioventricular	 nodal	 function.	 EP
testing	 may	 reveal	 ventricular	 tachycardia,	 supraventricular
tachycardia,	or	bradycardia	as	the	probable	cause	of	syncope,	though	it
is	 relatively	 insensitive	 for	 the	 detection	 of	 bradyarrhythmias.	 EP
testing	is	most	helpful	in	patients	with	underlying	cardiac.	The	yield	is
low	in	the	absence	of	structural	heart	disease.	EP	studies	are	currently



performed	less	frequently	in	the	workup	of	syncope,	as	event	monitors
and	implantable	loop	recorders	have	gained	favor,	and	indications	for
ICD	 implantation	 have	 expanded,	 thus	 obviating	 the	 need	 for	 EP
testing	in	many	patients.

Treatment
Treatment	 is	 aimed	 at	 the	underlying	disorder,	with	 the	goal	 being	 to	 improve
mortality	 (e.g.,	 in	 patients	 with	 ventricular	 tachycardia	 as	 the	 underlying
mechanism)	 or	 to	 improve	 quality	 of	 life	 and	 avoid	 injury	 in	 those	with	more
benign	 causes	 of	 syncope.	 Treatment	 of	 arrhythmia,	 depending	 on	 the
mechanism,	 may	 include	 ablation	 of	 an	 accessory	 or	 irritable	 pathway	 or
pacemaker	or	ICD	implantation.	Though	ICD	implantation	may	be	indicated	to
prevent	 sudden	 cardiac	 death,	 it	 often	 does	 not	 decrease	 the	 frequency	 of
syncopal	episodes.	Treatment	of	other	causes	of	syncope	is	discussed	below.

Neurocardiogenic	syncope
First-line	 treatment	 for	 neurocardiogenic/vasovagal	 syncope	 involves
behavioral	 therapy	 and	 physical	 counterpressure	 maneuvers
(PCMs).
The	 patient	 and	 family	 should	 be	 educated	 regarding	 predisposing
factors,	and	patients	should	be	instructed	to	lie	down	at	the	beginning
of	symptoms	and	to	avoid	provocative	situations.
Fluid	and	salt	 intake	should	be	 increased	 (cautiously	 in	patients	with
hypertension	or	CHF).
PCMs	are	designed	to	augment	venous	return	BP;	at	the	beginning	of
an	 attack,	 patients	 should	 perform	 isometric	 exercises	 such	 as	 leg
crossing	or	hand	and	arm	clinching.	Several	studies	have	documented
a	decrease	in	syncopal	episodes	with	these	maneuvers.16–18
Pharmacologic	 therapy	 has	 generally	 proved	 disappointing	 at
preventing	vasovagal	syncope.
Tilt-table	 conditioning,	 as	 patients	 are	 gradually	 subjected	 to	 longer
intervals	of	upright	posture,	may	be	useful	in	motivated	patients
Pacemaker	 therapy	 may	 be	 considered	 for	 patients	 with	 severe,
recurrent	vasovagal	syncope	refractory	to	other	 treatments,	especially
those	 with	 severe	 bradycardia	 or	 asystole	 on	 tilt-table	 testing	 or
documented	by	event	monitor	or	implantable	loop	recorder.

Carotid	sinus	hypersensitivity:	Patients	with	carotid	sinus	hypersensitivity
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also	 benefit	 from	 behavioral	 modification	 aimed	 at	 avoiding	 syncopal
triggers,	 such	as	wearing	 shirts	with	 tight	 collars,	 shaving	while	 standing,
etc.	Pacemaker	therapy	is	effective	for	patients	with	asystole	of	≥3	seconds
during	carotid	sinus	massage.
Orthostatic	hypotension

Volume	 depletion,	 if	 present,	 should	 be	 corrected,	 and	 offending
medications	 should	 be	 stopped	 or	 adjusted	 (e.g.,	 diuretics,
antihypertensives,	some	psychiatric	medications,	etc.).
Patients	 should	 be	 advised	 to	 increase	 their	 salt	 and	 water	 intake
(assuming	that	there	is	no	contraindication)	and	to	spend	as	much	time
upright	during	the	day	as	possible.
Patients	should	also	rise	from	lying	or	sitting	slowly	so	as	to	allow	for
equilibration	of	BP.
Lower	 extremity	 compression	 stockings	 are	 helpful	 in	 preventing
venous	pooling.
Midodrine	 or	 fludrocortisone	 can	 be	 used	 if	 behavioral	 therapies	 are
ineffective.
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Mark	A.	Gdowski

Chronic	 Heart	 Failure	 and
Cardiomyopathy

GENERAL	PRINCIPLES
Chronic	heart	 failure	 (HF)	 is	 a	clinical	 syndrome	 in	which	either	 functional	or
structural	abnormalities	of	the	heart	impair	its	ability	to	fill	with	or	eject	blood,
resulting	in	symptoms	such	as	dyspnea,	fatigue,	and	fluid	retention.1

Classification
HF	may	be	classified	according	to	several	factors,	including	the	following:

Functional:	 Abnormalities	 in	 myocardial	 contraction	 (systolic
dysfunction),	ventricular	relaxation	and	filling	(diastolic	dysfunction),	or
both.
Etiology

Ischemic:	Coronary	artery	disease	is	the	most	common	cause	of	HF	in
the	United	States.	Other	risk	factors	with	high	population	attributable
risk	include	tobacco	use,	hypertension,	diabetes,	and	obesity.2
Nonischemic:	Valvular	heart	disease,	toxin	induced	(alcohol,	cocaine),
myocarditis	 (infectious,	 autoimmune),	 infiltrative	 (amyloidosis,
hemochromatosis),	 familial,	 peripartum,	 and	 hypertrophic
cardiomyopathy.

Anatomic:	Right-sided	versus	left-sided	HF	can	often	be	distinguished.



Severity:	Can	be	classified	according	 to	 the	New	York	Heart	Association
(NYHA)	Functional	Class	(Table	6-1).

TABLE	 6-1	 NEW	 YORK	 HEART	 ASSOCIATION	 (NYHA)
FUNCTIONAL	CLASSIFICATION

Epidemiology
Over	 5.7	 million	 people	 are	 living	 with	 HF	 in	 the	 United	 States	 with
~870,000	new	cases	of	HF	diagnosed	each	year.2
HF	accounts	for	over	1	million	hospitalizations	each	year	and	the	estimated
1-year	and	5-year	mortality	are	30%	and	50%,	respectively.2

Pathophysiology
HF	begins	with	an	initial	insult	leading	to	myocardial	injury,	which	leads	to
pathologic	 remodeling	 and	 increases	 in	 left	 ventricular	 (LV)	 volume
(dilatation)	and/or	mass	(hypertrophy).
Compensatory	 mechanisms	 like	 activation	 of	 the	 renin–angiotensin–
aldosterone	 system	 (RAAS)	 and	 vasopressin,	 which	 increase	 sodium
retention	and	peripheral	vasoconstriction,	and	activation	of	the	sympathetic
nervous	 system,	 which	 increases	 levels	 of	 catecholamines,	 will	 result	 in
increased	myocardial	contractility.
Over	 time,	 however,	 these	 neurohormonal	 pathways	 lead	 to	 cellular



toxicity,	fibrosis,	arrhythmias,	and	ultimately	pump	failure.

DIAGNOSIS

Clinical	Presentation
History
The	degree	of	clinical	manifestations	of	HF	varies	depending	on	the	rapidity	of
the	 patient’s	 cardiac	 decompensation,	 underlying	 etiology,	 age,	 and
comorbidities.	 Historically,	 patients	 may	 complain	 of	 fatigue,	 exercise
intolerance/dyspnea	 with	 exertion,	 orthopnea,	 and	 paroxysmal	 nocturnal
dyspnea.	 Presyncope,	 palpitations,	 and	 angina	 may	 be	 present	 in	 varying
circumstances.

Physical	Examination
The	physical	examination	may	be	significant	for	signs	of	chronic	pulmonary	and
systemic	 venous	 congestion,	 including	 pulmonary	 crackles,	 peripheral	 edema,
elevated	 jugular	 venous	 pressure,	 pleural	 and	 pericardial	 effusions,	 hepatic
congestion,	and	ascites.	In	systolic	dysfunction,	a	third	(S3)	or	fourth	(S4)	heart
sound	may	be	present.

DIAGNOSTIC	TESTING

Laboratories
B-type	natriuretic	peptide	(BNP)	is	synthesized	by	right	ventricular	(RV)
and	LV	myocytes	and	released	in	response	to	stretch,	volume	overload,	and
elevated	filling	pressures.	Serum	levels	of	BNP	are	elevated	in	patients	with
asymptomatic	LV	dysfunction	as	well	as	symptomatic	HF.

BNP	 levels	 have	 been	 shown	 to	 correlate	 with	 HF	 severity	 and	 to



predict	survival.3
A	 serum	 BNP	 level	 of	 >400	 pg/mL	 is	 consistent	 with	 HF,	 though
specificity	is	reduced	in	patients	with	renal	dysfunction.

Cardiac	enzymes	 (i.e.,	 troponin	 I	or	 troponin	T)	 should	be	considered	 to
evaluate	for	ongoing	myocardial	ischemia.
Additional	 laboratory	 abnormalities	may	 include	 elevated	 levels	 of	 blood
urea	 nitrogen	 (BUN)	 and	 creatinine,	 hyponatremia,	 anemia,	 and	 elevated
hepatic	enzymes.
In	 patients	 with	 new-onset	 HF	 without	 CAD,	 diagnostic	 tests	 for	 HIV,
hepatitis,	and	hemochromatosis	should	be	obtained.

Electrocardiography
An	ECG	should	be	performed	to	look	for	evidence	of	ischemia	(ST	segment	and
T	 wave	 abnormalities,	 Q	 waves),	 previous	 myocardial	 infarction	 (MI),
hypertrophy	(increased	voltage),	infiltration	(reduced	voltage),	and	arrhythmias.

Imaging
Chest	radiograph	 abnormalities	may	 include	 cardiomegaly	 and	 evidence
of	pulmonary	vascular	redistribution.
Ventricular	 function	 should	 be	 assessed	 via	 transthoracic
echocardiography,	radionuclide	ventriculography,	or	cardiac	catheterization
with	left	ventriculography.

TREATMENT
Chronic	HF	management	has	several	goals:	improve	long-term	survival,	reduce
symptoms,	 increase	 functional	 capacity,	 reduce	 hospitalizations,	 and	 prevent
(and	reverse)	deleterious	cardiac	remodeling.

Medications
The	general	principle	of	pharmacologic	therapy	involves	the	antagonism	of



neurohormones	that	are	increased	in	patients	with	HF	and	have	deleterious
effects	 on	 the	 myocardium	 and	 the	 peripheral	 vasculature.	 Afterload
reduction,	 vasodilator	 therapy	 and	 β-adrenergic	 blockade	 are	 the
cornerstone	of	therapy	for	patients	with	chronic	HF.	Diuretics	are	reserved
for	 relieving	 volume	 overload.	Most	 patients	 will	 require	 a	 regimen	 that
includes	 multiple	 medications	 to	 control	 symptoms	 and	 prolong	 survival
(Table	6-2).
Minimization	 of	medications	 with	 deleterious	 effects	 in	 HF	 should	 be
attempted.	 Specifically,	 negative	 inotropes	 (e.g.,	 verapamil,	 diltiazem)
should	 be	 avoided	 in	 patients	 with	 impaired	 ventricular	 contractility,	 as
should	over-the-counter	β-stimulants.	Nonsteroidal	anti-inflammatory	drugs
(NSAIDs),	which	antagonize	the	effects	of	angiotensin-converting	enzyme
(ACE)	inhibitors	and	diuretic	therapy,	should	be	avoided	if	possible.
β-Adrenergic	receptor	antagonists	(β-blockers)

β-adrenergic	 receptor	 antagonists	 are	 critical	 components	 of	 HF
pharmacotherapy	 that	 block	 the	 effects	 of	 chronic	 adrenergic
stimulation	on	the	heart.
Large	 randomized	 trials	have	documented	 the	beneficial	effects	of	β-
adrenergic	 antagonists	 on	 functional	 status	 and	 survival	 in	 patients
with	NYHA	class	II	to	IV	symptoms.
Improvement	 in	 ejection	 fraction	 (EF),	 exercise	 tolerance,	 and
functional	 class	 are	 common	 after	 the	 institution	 of	 a	 β-blocker.4
Typically,	 2–3	 months	 of	 therapy	 is	 required	 to	 observe	 significant
effects	 on	 LV	 function,	 but	 reduction	 of	 cardiac	 arrhythmia	 and
incidence	of	sudden	cardiac	death	may	occur	much	earlier.5
β-adrenergic	antagonists	should	be	instituted	at	a	low	dose	and	titrated
with	careful	attention	 to	BP	and	heart	 rate.	Some	patients	experience
volume	retention	and	worsening	HF	symptoms	that	 typically	respond
to	transient	increases	in	diuretic	therapy.
Individual	 β-adrenergic	 antagonists	 have	 unique	 properties	 and	 their
beneficial	 effect	 in	 HF	may	 not	 be	 a	 class	 effect.	 Therefore,	 one	 of
three	 β-blockers	 with	 proven	 effects	 on	 patient	 survival	 in	 large
clinical	trials	should	be	used.

Carvedilol	is	the	best	studied	β-adrenergic	antagonist	in	HF.6–8	It
has	been	shown	to	be	superior	 to	metoprolol	 tartrate	 for	chronic
treatment.9
Bisoprolol10
Metoprolol	succinate11



ACE	 inhibitors	 attenuate	 vasoconstriction,	 vital	 organ	 hypoperfusion,
hyponatremia,	 hypokalemia,	 and	 fluid	 retention	 attributable	 to	 the
compensatory	 activation	 of	 the	 renin–angiotensin	 system.	 Treatment	 with
ACE	inhibitors	decreases	afterload	while	increasing	cardiac	output.

Large	 clinical	 trials	 have	 clearly	 demonstrated	 that	 ACE	 inhibitors
improve	 symptoms	 and	 survival	 in	 patients	 with	 LV	 systolic
dysfunction.1	 They	 may	 also	 prevent	 the	 development	 of	 HF	 in
patients	with	asymptomatic	LV	dysfunction	and	in	those	at	high	risk	of
developing	 structural	 heart	 disease	 or	HF	 symptoms	 (CAD,	 diabetes
mellitus,	HTN).
Currently,	no	consensus	has	been	reached	regarding	the	optimal	dosing
of	 ACE	 inhibitors	 in	 HF,	 although	 one	 study	 suggested	 that	 higher
doses	decrease	morbidity	without	improving	overall	survival.12
Absence	 of	 an	 initial	 beneficial	 response	 to	 treatment	 with	 an	 ACE
inhibitor	does	not	preclude	long-term	benefit.
Most	ACE	inhibitors	are	excreted	by	the	kidneys,	necessitating	careful
dose	 titration	 in	 patients	 with	 renal	 insufficiency.	 Acute	 renal
insufficiency	may	occur	in	patients	with	bilateral	renal	artery	stenosis.
Additional	 adverse	 effects	 include	 rash,	 angioedema,	 dysgeusia,
increases	 in	 serum	 creatinine,	 proteinuria,	 hyperkalemia,	 leukopenia,
and	cough.
A	rise	in	serum	creatinine	up	to	30%	above	baseline	may	be	seen	when
initiating	 an	 ACE	 inhibitor	 and	 should	 not	 result	 in	 reflexive
discontinuation	of	the	medication.13
ACE	 inhibitors	 are	 contraindicated	 in	 pregnancy.	 Enalapril	 and
captopril	may	safely	be	used	by	breastfeeding	mothers.
Oral	 potassium	 supplements,	 potassium	 salt	 substitutes,	 and
potassium-sparing	 diuretics	 should	 be	 used	 with	 caution	 during
treatment	with	an	ACE	inhibitor.

Angiotensin	 II	 receptor	 blockers	 (ARBs)	 inhibit	 the	 renin–angiotensin
system	via	 specific	 blockade	 of	 the	 angiotensin	 II	 receptor.	 In	 contrast	 to
ACE	 inhibitors,	 they	 do	 not	 increase	 bradykinin	 levels,	 which	 may	 be
responsible	for	adverse	effects	such	as	cough.

ARBs	 reduce	mortality	and	morbidity	associated	with	HF	 in	patients
who	are	not	receiving	an	ACE	inhibitor	and	therefore	should	be	used
when	ACE	inhibitors	are	not	tolerated.14
Caution	 should	 be	 exercised	 when	 ARBs	 are	 used	 in	 patients	 with
renal	 insufficiency	 and	 bilateral	 renal	 artery	 stenosis	 because



hyperkalemia	and	acute	renal	failure	can	develop.	Renal	function	and
potassium	levels	should	be	periodically	monitored.
ARBs	are	contraindicated	in	pregnancy.

Aldosterone	receptor	antagonists	attenuate	aldosterone-mediated	sodium
retention,	vascular	reactivity,	oxidant	stress,	inflammation,	and	fibrosis.

Spironolactone	 is	 an	 aldosterone	 receptor	 antagonist	 that	 should	 be
considered	in	NYHA	class	III	to	IV	patients	with	low	EF	and	has	been
shown	 to	 improve	 survival	 and	 decrease	 hospitalizations	 in	 these
patients.15
Eplerenone,	 a	 selective	 aldosterone	 receptor	 antagonist	 without	 the
estrogenic	 side	 effects	 of	 spironolactone,	 is	 FDA	 approved	 for	 the
treatment	of	HTN	and	HF.	It	has	proven	beneficial	in	patients	with	HF
following	MI16	and	in	less	symptomatic	HF	patients	(NYHA	Class	II)
with	reduced	EF.17
The	potential	for	development	of	 life-threatening	hyperkalemia	exists
with	 the	 use	 of	 these	 agents.	 Serum	 potassium	 must	 be	 monitored
closely	 after	 initiation;	 concomitant	 use	 of	 ACE	 inhibitors	 and
NSAIDs	in	the	presence	of	renal	insufficiency	(creatinine	>2.5	mg/dL)
increases	the	risk	of	hyperkalemia.
Gynecomastia	 may	 develop	 in	 10–20%	 of	 men	 treated	 with
spironolactone;	eplerenone	should	be	used	in	this	case.

Vasodilator	therapy	is	another	mainstay	of	treatment	in	patients	with	HF.
Arterial	vasoconstriction	(afterload)	and	venous	vasoconstriction	(preload)
occur	in	patients	with	HF	as	a	result	of	activation	of	the	RAAS	system	and
adrenergic	nervous	system.

Hydralazine	 acts	 directly	 on	 arterial	 smooth	 muscle	 to	 produce
vasodilation	and	reduce	afterload.
Nitrates	are	predominantly	venodilators	and	help	relieve	symptoms	of
venous	and	pulmonary	congestion.	They	 reduce	myocardial	 ischemia
by	 decreasing	 ventricular	 filling	 pressures	 and	 directly	 dilating
coronary	 arteries.	 Nitrate	 therapy	 may	 precipitate	 hypotension	 in
patients	with	reduced	preload.
A	combination	of	 hydralazine	 and	 isosorbide	dinitrate	 (starting	dose:
37.5/20	mg	three	times	daily)	when	added	to	standard	therapy	with	β-
blockers	 and	ACE	 inhibitors	 has	 been	 shown	 to	 reduce	mortality	 in
African	American	patients.18
In	 the	 absence	 of	 ACE	 inhibitors,	 ARBs,	 aldosterone	 receptor
antagonists,	 and	 β-blockers,	 the	 combination	 of	 nitrates	 and



hydralazine	improves	survival	in	patients	with	systolic	HF	and	should
be	considered	when	patients	are	unable	to	tolerate	RAAS	blockade.19
Reflex	 tachycardia	 and	 increased	 myocardial	 oxygen	 consumption
may	 occur,	 requiring	 cautious	 use	 in	 patients	 with	 ischemic	 heart
disease.

Digitalis	glycosides	increase	myocardial	contractility	and	may	attenuate	the
neurohormonal	activation	associated	with	HF.

Digoxin	decreases	the	number	of	HF	hospitalizations	without	altering
overall	mortality.20
Digoxin	has	a	narrow	therapeutic	index,	and	serum	levels	should	be
followed	closely,	particularly	in	patients	with	unstable	renal	function.
The	 usual	 daily	 dose	 is	 0.125–0.25	 mg	 and	 should	 be	 decreased	 in
patients	with	 renal	 insufficiency.	Clinical	benefits	may	not	be	 related
to	 the	 serum	 levels;	 although	serum	digoxin	 levels	of	0.8–2.0	ng/mL
are	considered	“therapeutic,”	toxicity	can	occur	in	this	range.
Discontinuation	of	digoxin	in	patients	who	are	stable	on	a	regimen	of
digoxin,	 diuretics,	 and	 an	 ACE	 inhibitor	 may	 result	 in	 clinical
deterioration.

Calcium	channel	blockers	have	no	favorable	effects	on	mortality	in	HF.
Dihydropyridine	calcium	channel	blockers	such	as	amlodipine	may	be
used	in	hypertensive	HF	patients	already	on	maximal	medical	therapy,
but	do	not	improve	mortality.21
Nondihydropyridine	 calcium	 channel	 blockers	 should	 be	 avoided
because	their	negative	inotropic	effects	may	potentiate	worsening	HF.

Diuretic	 therapy	 often	 leads	 to	 clinical	 improvement	 in	 patients	 with
symptomatic	 HF.	 Frequent	 assessment	 of	 the	 patient’s	 weight	 along	with
careful	observation	of	 fluid	 intake	and	output	 is	essential	during	 initiation
and	 maintenance	 of	 therapy.	 Frequent	 complications	 of	 therapy	 include
hypokalemia,	 hyponatremia,	 hypomagnesemia,	 volume	 contraction
alkalosis,	 intravascular	 volume	 depletion,	 and	 hypotension.	 Serum
electrolytes,	BUN,	and	creatinine	levels	should	be	followed	after	institution
of	 diuretic	 therapy.	Hypokalemia	may	 be	 life	 threatening	 in	 patients	who
are	 receiving	 digoxin	 or	 in	 those	 who	 have	 severe	 LV	 dysfunction	 that
predisposes	them	to	ventricular	arrhythmias.	Potassium	supplementation	or
a	 potassium-sparing	 diuretic	 should	 be	 considered	 in	 addition	 to	 careful
monitoring	of	serum	potassium	levels.

Thiazide	 diuretics	 (hydrochlorothiazide,	 chlorthalidone)	 can	 be
used	as	 initial	agents	 in	patients	with	normal	 renal	 function	 in	whom



only	 a	 mild	 diuresis	 is	 desired.	Metolazone,	 unlike	 other	 thiazides,
exerts	its	action	at	the	proximal	as	well	as	the	distal	tubule	and	may	be
useful	 in	 combination	 with	 a	 loop	 diuretic	 in	 patients	 with	 a	 low
glomerular	filtration	rate	and	diuretic	resistance.
Loop	 diuretics	 (furosemide,	 torsemide,	 bumetanide,	 ethacrynic
acid)	should	be	used	in	patients	who	require	significant	diuresis	and	in
those	 with	 markedly	 decreased	 renal	 function.	 Furosemide	 reduces
preload	acutely	by	causing	direct	venodilation	when	administered	IV,
making	it	useful	for	managing	severe	HF	or	acute	pulmonary	edema.
Use	 of	 loop	 diuretics	 may	 be	 complicated	 by	 hyperuricemia,
hypocalcemia,	ototoxicity,	rash,	and	vasculitis.	Furosemide,	torsemide,
and	 bumetanide	 are	 sulfa	 derivatives	 and	 may	 rarely	 cause	 drug
reactions	 in	 sulfa-sensitive	 patients;	 ethacrynic	 acid	 can	 be	 used	 in
these	patients.
Sacubitril/valsartan	 is	 a	 combination	 of	 the	 neprilysin	 inhibitor
sacubitril	and	the	ARB	valsartan	and	was	recently	approved	for	use	in
patients	with	systolic	HF	and	NYHA	class	II–IV	symptoms.	In	a	large
trial,	this	agent	was	shown	to	be	superior	to	enalapril	in	reducing	death
and	rehospitalization	among	NYHA	class	II–IV	patients	with	systolic
HF.22

Inotropic	agents
Sympathomimetic	agents	are	potent	parenteral	drugs	primarily	used	to
treat	 severe	 HF	 (Table	 6-3).	 Beneficial	 and	 adverse	 effects	 are
mediated	 by	 stimulation	 of	 myocardial	 β-adrenergic	 receptors.	 The
most	 important	 adverse	 effects	 are	 related	 to	 the	 arrhythmogenic
nature	of	these	agents	and	the	potential	for	exacerbation	of	myocardial
ischemia.	 Treatment	 should	 be	 guided	 by	 careful	 hemodynamic	 and
ECG	 monitoring.	 Patients	 with	 refractory	 chronic	 HF	 may	 benefit
symptomatically	 from	 continuous	 ambulatory	 administration	 of	 IV
inotropes	as	palliative	therapy	or	as	a	bridge	to	mechanical	ventricular
support	or	cardiac	transplantation.	However,	this	strategy	may	increase
the	 risk	of	 life-threatening	arrhythmias	or	 indwelling	catheter–related
infections.1
Norepinephrine,	 rather	 than	 dopamine,	 should	 be	 used	 for
stabilization	 of	 the	 hypotensive	 HF	 patient.	 Although	 a	 large
randomized	 trial	 found	 no	 difference	 in	mortality	 between	 dopamine
and	 norepinephrine,	 there	 were	 more	 adverse	 events	 (primarily
arrhythmogenic)	 in	 the	 dopamine	 group	 and	 subgroup	 analysis	 of



those	with	cardiogenic	shock	showed	an	increased	rate	of	death	at	28
days	in	the	dopamine	group.23
Dobutamine	is	a	synthetic	analog	of	dopamine	with	predominantly	β-
adrenoreceptor	 activity.	 It	 increases	 cardiac	 output,	 lowers	 cardiac
filling	pressures,	and	generally	has	a	neutral	effect	on	systemic	blood
pressure.	Dobutamine	 has	 no	 significant	 role	 in	 the	 treatment	 of	HF
resulting	from	diastolic	dysfunction	or	a	high-output	state.
Phosphodiesterase	 inhibitors	 increase	 myocardial	 contractility	 and
produce	 vasodilation	 by	 increasing	 intracellular	 cyclic	 adenosine
monophosphate.	Milrinone	 is	currently	available	 for	clinical	use	and
is	indicated	for	treatment	of	refractory	HF.	Hypotension	may	develop
in	 patients	 who	 receive	 vasodilator	 therapy	 or	 have	 intravascular
volume	contraction	or	both.

Nitroglycerin	 is	 a	 potent	 vasodilator	 with	 effects	 predominantly	 on	 the
venous	and,	to	a	lesser	extent,	arterial	vascular	beds.	It	relieves	pulmonary
and	systemic	venous	congestion	and	is	an	effective	coronary	vasodilator.	It
is	the	preferred	vasodilator	for	treatment	of	HF	in	the	setting	of	acute	MI	or
unstable	angina.
Sodium	 nitroprusside	 is	 a	 direct	 arterial	 vasodilator	 with	 less	 potent
venodilatory	properties.	Its	predominant	effect	is	to	reduce	afterload	and	is
effective	 in	 patients	with	HF	who	 are	 hypertensive	 and	who	 have	 severe
aortic	or	mitral	valvular	regurgitation.

TABLE	6-2	DRUGS	COMMONLY	USED	FOR	TREATMENT	OF
HEART	FAILURE





aValsartan	 and	 Candesartan	 are	 the	 only	 US	 Food	 and	 Drug	 Administration–approved	 angiotensin	 II
receptor	blockers	in	the	treatment	of	heart	failure.
HCTZ,	hydrochlorothiazide.

TABLE	6-3	INOTROPIC	AGENTSa

aIncreased	risk	of	atrial	and	ventricular	tachyarrhythmias.
bNeeds	does	adjustment	for	creatinine	clearance.
cAMP,	cyclic	adenosine	monophosphate;	SVR,	systemic	vascular	resistance;	↑,	increased;	↓,	decreased.

Other	Nonpharmacologic	Therapies
Coronary	 revascularization	 reduces	 ischemia	 and	may	 improve	 systolic
function	in	patients	with	CAD.
Implantable	cardioverter–defibrillator	(ICD)	placement	is	recommended



in	patients	with	persistent	LV	dysfunction	(EF	<	35%)	for	the	prevention	of
sudden	cardiac	death.24

Patients	should	receive	at	least	3–6	months	of	optimal	medical	therapy
and	 discontinuation	 of	 proarrhythmic	 drugs	 prior	 to	 reassessment	 of
EF	and	implantation	of	an	ICD.
Following	 an	 acute	 MI	 or	 revascularization,	 EF	 should	 be	 assessed
after	40	days	of	optimal	medical	therapy	prior	to	ICD	implantation.

Cardiac	resynchronization	 therapy	 (CRT)	 or	biventricular	 pacing	 can
improve	quality	of	 life	and	 reduce	 risk	of	death	 in	patients	with	an	EF	of
<35%,	NYHA	class	 II–IV	HF,	 and	 conduction	 abnormalities	 (left	 bundle-
branch	block	and	atrioventricular	delay).25,26
An	 intra-aortic	 balloon	 pump	 (IABP)	 can	 be	 considered	 for	 temporary
hemodynamic	 support	 in	 patients	who	 have	 failed	 pharmacologic	 therapy
and	 have	 transient	 myocardial	 dysfunction	 or	 awaiting	 a	 definitive
procedure	 such	 as	 a	 left	 ventricular	 assist	 device	 (LVAD)	 or	 cardiac
transplantation.

Surgical	Management
Ventricular	 assist	 devices	 (VADs)	 are	 surgically	 implanted	 devices	 that
draw	blood	from	the	left	ventricle	(LV),	energize	flow	through	a	motor	unit,
and	deliver	the	energized	blood	to	the	aorta,	resulting	in	augmented	cardiac
output	and	lower	intracardiac	filling	pressures.

Temporary	 support	 is	 indicated	 for	 patients	 with	 severe	 HF	 after
cardiac	surgery	or	individuals	with	intractable	cardiogenic	shock	after
acute	MI.
Durable	support	is	indicated	as	a	bridge	to	transplantation	for	patients
awaiting	 heart	 transplant	 or	 as	 destination	 therapy	 for	 select	 patients
who	 are	 ineligible	 for	 transplant	with	 refractory	 end-stage	HF	 and	 a
HF-related	life	expectancy	with	therapy	of	<2	years.1

Cardiac	transplantation	is	an	option	for	selected	patients	with	severe	end-
stage	HF	that	has	become	refractory	to	aggressive	medical	therapy	and	for
whom	no	other	conventional	treatment	options	are	available.

Candidates	considered	for	 transplantation	should	be	<65	years	of	age
(although	selected	older	patients	may	also	benefit),	have	advanced	HF,
have	a	strong	psychological	support	system,	have	exhausted	all	other
therapeutic	 options,	 and	 be	 free	 of	 irreversible	 extracardiac	 organ



dysfunction	that	would	limit	functional	recovery	or	predispose	them	to
posttransplantation	complications.27
Survival	rates	after	heart	transplantation	are	~90%,	70%,	and	50%	at	1,
5,	and	10	years,	respectively.
In	general,	functional	capacity	and	quality	of	life	improve	significantly
after	transplantation.
Posttransplant	 complications	 include	 acute	 and	 chronic	 rejection,
typical	 and	 atypical	 infections,	 and	 adverse	 effects	 of
immunosuppressive	agents.	Surgical	complications	and	acute	rejection
are	 the	major	causes	of	death	 in	 the	first	posttransplant	year.	Cardiac
allograft	 vasculopathy	 (CAD/chronic	 rejection)	 and	 malignancy	 are
the	leading	causes	of	death	after	the	first	posttransplant	year.

Lifestyle/Risk	Modification
Exercise	 training	 is	 recommended	 in	stable	HF	patients.	 Ideally,	 it	 should
be	started	slowly	in	a	monitored	outpatient	setting	and	reach	a	target	of	20–
45	minutes	a	day	for	3–5	days	per	week	for	a	total	of	8–12	weeks.	Short-
term	 effects	 of	 exercise	 training	 in	 patients	 with	 chronic	 stable	 HF	 are
additive	 to	pharmacologic	 treatment	and	are	associated	with	a	decrease	 in
neurohormonal	activation.28
Patients	 enrolled	 in	 exercise	 training	 programs	 notice	 increased	 exercise
capacity,	 decreased	 symptoms,	 increased	 quality	 of	 life,	 and	 decreased
hospitalization	 rate.	The	effects	of	 long-term	exercise	 training	on	survival
are	not	defined.
Dietary	counseling	for	sodium	and	fluid	restriction	should	be	provided.
Daily	 intake	 of	 2	 g	 of	 sodium	 per	 day	 is	 recommended.	 Excessive
restriction	(<1.5	g/d	of	sodium)	may	be	harmful.
Smoking	cessation	and	abstinence	from	alcohol	are	strongly	encouraged.

Acute	 Heart	 Failure	 and
Cardiogenic	Pulmonary	Edema



GENERAL	PRINCIPLES
Acute	 HF	 is	 the	 sudden	 development	 of	 signs	 and	 symptoms	 of	 insufficient
cardiac	output.	This	may	occur	 in	patients	with	chronic	HF	as	well	as	patients
with	a	previously	functional	and	morphologically	normal	LV.	Acute	HF	accounts
for	 a	 substantial	 number	 of	 inpatient	 hospitalizations	 and	 incurs	 significant
morbidity	and	mortality.	The	diagnosis	must	be	made	rapidly,	reversible	causes
identified,	and	treatment	instituted	expeditiously.

Etiology
Potential	 inciting	 factors	 include	 acute	 myocardial	 ischemia,	 arrhythmia
(e.g.,	 atrial	 fibrillation),	 infection,	 hypertension,	 acute	 or	 progressive
valvular	dysfunction,	renal	failure,	and	exposure	to	myocardial	toxins.
In	 patients	 with	 chronic	 compensated	 HF,	 acute	 HF	 may	 result	 from
medication	nonadherence	or	dietary	indiscretion	(i.e.,	increased	sodium	and
fluid	intake).
Other	 factors	 that	 may	 contribute	 to	 acute	 HF	 presentations	 include
postoperative	status,	peripartum	status,	and	iatrogenic	hypervolemia.
Acute	right-sided	HF	may	result	from	pulmonary	embolism	(PE).

Pathophysiology
Cardiogenic	pulmonary	edema	(CPE)	occurs	when	the	pulmonary	capillary
pressure	 exceeds	 the	 forces	 that	maintain	 fluid	 within	 the	 vascular	 space
(serum	oncotic	pressure	and	interstitial	hydrostatic	pressure).
Increased	 pulmonary	 capillary	 pressure	 may	 be	 caused	 by	 LV	 failure,
obstruction	 to	 transmitral	 flow	 (e.g.,	 mitral	 stenosis,	 atrial	 myxoma),	 or,
rarely,	pulmonary	venoocclusive	disease.
Accumulation	of	fluid	in	the	pulmonary	interstitium	is	followed	by	alveolar
flooding	and	impairment	of	gas	exchange.

DIAGNOSIS



Clinical	Presentation
Clinical	 manifestations	 of	 CPE	 may	 occur	 rapidly	 and	 include	 dyspnea,
orthopnea,	 anxiety,	 and	 restlessness.	 The	 patient	 may	 expectorate	 pink
frothy	fluid.
It	 is	 important	 to	 delineate	 the	 onset	 and	 severity	 of	 symptoms.	 Patients
should	be	carefully	questioned	regarding	the	precipitating	factors	above.
Physical	 signs	 of	 decreased	 peripheral	 perfusion,	 pulmonary	 congestion,
use	 of	 accessory	 respiratory	 muscles,	 and	 wheezing	 are	 often	 present.
Physical	 exam	 may	 demonstrate	 pulmonary	 crackles,	 an	 S3	 gallop,	 and
peripheral	edema.	Elevated	jugulary	venous	distention	is	the	most	specific
and	 reliable	 physical	 exam	 indicator	 of	 right-sided	 volume	 overload	 and
generally	representative	of	left-sided	filling	pressures.

Diagnostic	Testing
Laboratories

B-type	natriuretic	peptide	(BNP)	(please	see	section	on	lab	evaluation	under
“Chronic	Heart	Failure	and	Cardiomyopathy”).
Cardiac	 enzymes	 (i.e.,	 troponin	 I	 or	 troponin	 T)	 should	 be	 obtained	 to
evaluate	for	ongoing	myocardial	ischemia.29
Additional	 laboratory	 abnormalities	 may	 include	 elevated	 levels	 of	 BUN
and	creatinine,	hyponatremia,	anemia,	and	elevated	hepatic	enzymes.

Electrocardiography
Abnormalities	 in	 the	 ECG	 are	 common	 and	 include	 supraventricular	 and
ventricular	 arrhythmias,	 conduction	 delays,	 and	 nonspecific	 ST–T	 segment
changes.

Imaging
Chest	 radiograph	 abnormalities	 include	 cardiomegaly,	 interstitial	 and	 perihilar
vascular	 engorgement,	Kerley	B	 lines,	 and	 pleural	 effusions.	The	 radiographic
abnormalities	may	 follow	 the	development	of	 symptoms	by	 several	hours,	 and
their	resolution	may	be	out	of	phase	with	clinical	improvement.	A	normal	chest
radiograph	does	not	rule	out	LV	dysfunction	or	HF.



TREATMENT
Continuous	 pulse	 oximetry	 and	 telemetry	 should	 be	 initiated.	 Vital	 signs
need	to	be	assessed	frequently.	IV	access	should	be	obtained.
Supplemental	 oxygen	 should	 be	 administered	 initially	 to	 increase	 arterial
oxygen	 content	 to	 >60	 mm	 Hg.	 Mechanical	 ventilation	 is	 indicated	 if
oxygenation	 is	 inadequate	 by	 noninvasive	 means	 or	 if	 hypercapnia
coexists.30
Placing	the	patient	in	a	sitting	position	improves	pulmonary	function.
Bed	rest,	pain	control,	and	relief	of	anxiety	can	decrease	cardiac	workload.
Precipitating	 factors	 should	 be	 identified	 (e.g.,	 severe	 hypertension,
myocardial	 ischemia,	 new-onset	 arrhythmias,	 volume	 overload)	 and
corrected.	Resolution	of	pulmonary	edema	can	often	be	accomplished	with
correction	of	the	underlying	process.

Medications
Loop	diuretics

Furosemide	 is	 a	 venodilator	 that	 decreases	 pulmonary	 congestion
within	 minutes	 of	 IV	 administration	 well	 before	 its	 diuretic	 action
begins.
An	initial	dose	of	20–80	mg	IV	should	be	given	over	several	minutes
and	can	be	increased,	based	on	response,	to	a	maximum	of	200	mg	in
subsequent	doses.	Patients	who	regularly	take	furosemide	and/or	have
chronic	 kidney	 disease	 often	 need	 higher	 doses	 to	 achieve	 the	 same
diuretic	effect.

Nitrates
Nitroglycerin	 is	a	potent	venodilator	 that	can	potentiate	 the	effect	of
furosemide.	It	relieves	pulmonary	and	systemic	venous	congestion	and
is	an	effective	coronary	vasodilator.
Nitroglycerin	 is	 the	 preferred	 vasodilator	 for	 treatment	 of	 HF	 in	 the
setting	of	 acute	MI	or	 unstable	 angina.	 Intravenous	 administration	 is
preferable	 to	oral	and	 transdermal	 forms	as	 it	 can	be	 rapidly	 titrated,
although	 sublingual	 nitroglycerin	 (in	 pill	 or	 spray	 form)	 can	 be
administered	quickly,	even	before	obtaining	IV	access.
IV	nitroglycerin	can	be	started	at	5–10	mcg/min	and	 increased	every



1.

2.

3.

few	minutes	to	desired	effect	or	a	maximum	of	300	mcg/min.
Morphine	sulfate

Morphine	sulfate	reduces	anxiety	and	dilates	pulmonary	and	systemic
veins.
Morphine,	2–4	mg	IV,	can	be	given	over	several	minutes	and	can	be
repeated	every	10–25	minutes	until	an	effect	is	seen.

Nitroprusside	 is	 an	 effective	 adjunct	 medication	 that	 is	 useful	 in	 CPE
resulting	from	acute	valvular	regurgitation	or	hypertension.	Pulmonary	and
systemic	 arterial	 catheterization	 should	be	 considered	 to	guide	 titration	of
nitroprusside	therapy.
Inotropic	 agents	 (Table	 6-3),	 such	 as	 dobutamine	 or	 milrinone,	 may	 be
helpful	 after	 initial	 treatment	 of	 CPE	 in	 patients	 with	 concomitant
hypotension	or	shock.

SPECIAL	CONSIDERATIONS
Right	heart	catheterization	(e.g.,	Swan-Ganz	catheter)	may	be	helpful	in
cases	where	a	prompt	 response	 to	 therapy	does	not	occur.	The	pulmonary
artery	 catheter	 allows	 differentiation	 between	 cardiogenic	 and
noncardiogenic	 causes	 of	 pulmonary	 edema	 via	 measurement	 of	 central
hemodynamics	and	cardiac	output.	It	may	then	be	used	to	guide	subsequent
therapy.	The	routine	use	of	right	heart	catheterization	in	acute	HF	patients	is
not	beneficial.31
Acute	hemodialysis	and	ultrafiltration	may	be	effective,	especially	in	the
patient	with	significant	renal	dysfunction	and	diuretic	resistance	but	is	not	a
first-line	therapy.32
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Atrial	Fibrillation
7

Kelly	M.	Carlson

GENERAL	PRINCIPLES
Atrial	 fibrillation	 (AF)	 is	 a	 supraventricular	 arrhythmia	 in	 which	 the	 atria
contract	 rapidly,	 irregularly,	 and	 independently	of	 the	ventricles.	 It	 is	 the	most
common	 sustained	 arrhythmia	 and	 strongly	 associated	 with	 increasing	 age
affecting	 0.5%	 of	 the	 population	 aged	 50–59	 years	 and	 almost	 10%	 of	 the
population	>80	years	of	age.	AF	confers	a	fivefold	increase	in	the	risk	of	stroke
and	doubles	the	mortality	rate.

Classification
Paroxysmal	AF:	≥2	episodes,	lasting	≤7	days,	often	self-terminating	within
24	hours
Persistent	 AF:	 lasts	 >7	 days	 and	 fails	 to	 self-terminate.	 Persistent	 AF
requires	 medical	 and/or	 electrical	 intervention	 to	 achieve	 sinus	 rhythm.
Persistent	 AF	 may	 be	 the	 first	 presentation,	 the	 culmination	 of	 several
episodes	of	paroxysmal	AF,	or	long-standing	persistent	AF	(>1	year).
Permanent	AF:	continuous	AF	where	cardioversion	has	 failed	or	has	not
been	attempted	lasting	>1	year.	It	also	refers	to	those	when	the	decision	is
made	 to	 not	 pursue	 restoration	 of	 sinus	 rhythm	 by	 any	means,	 including
ablation.
Lone	 AF:	 paroxysmal,	 persistent,	 or	 permanent	 AF	 in	 younger	 patients
(<60	years	old)	with	a	structurally	normal	heart

Etiology
The	exact	mechanism	of	atrial	fibrillation	remains	an	area	of	intense	study.	Many
conditions	 are	 associated	 with	 an	 increased	 risk	 of	 AF	 and	 it	 is	 strongly



associated	with	increasing	age.1

Structural	heart	disease:	valvular	heart	disease	(i.e.,	mitral	valve	stenosis
or	 prolapse,	 mitral	 annular	 calcification),	 hypertrophic	 or	 dilated
cardiomyopathy,	and	coronary	artery	disease	(CAD)
Other	 arrhythmias:	 sick	 sinus	 (tachy–brady)	 syndrome	 and	 Wolff-
Parkinson-White	syndrome
Acute	conditions:	acute	myocardial	 infarction	(MI),	pulmonary	embolism
(PE),	pericarditis,	alcohol	intoxication	(holiday	heart),	cardiac	surgery,	and
infections
Systemic	 illnesses:	 hypertension,	 diabetes	 mellitus,	 hyperthyroidism,	 or
hypothyroidism
Drugs:	anticholinergic	and	sympathomimetic	drugs,	theophylline
Echocardiographic	correlates:	left	ventricular	(LV)	hypertrophy,	left	atrial
enlargement,	reduced	LV	ejection	fraction,	and	mitral	valve	abnormalities
“Lone	 atrial	 fibrillation”:	 10–15%	 of	 patients	 have	 no	 identifiable	 risk
factors	for	thromboembolism	or	cardiac	structural	abnormality.

Risk	Factors
Age	>	65
Previous	stroke	or	transient	ischemic	attack	(TIA)
Hypertension
Diabetes	mellitus
Congestive	heart	failure	(CHF)
CAD
Thyrotoxicosis
In	addition,	echocardiographic	risk	factors	include	left	atrial	enlargement
and	a	reduced	left	LV	ejection	fraction.

DIAGNOSIS

Clinical	Presentation



History

Patients	present	with	a	wide	variety	of	 symptoms,	 determined	 to	 a	 large
extent	 by	 underlying	 cardiac	 function,	 comorbidities,	 and	 patient
perception,	though	many	are	asymptomatic.
Common	 complaints	 include	 palpitations,	 dizziness,	 fatigue,	 chest	 pain,
dyspnea,	 or	 presyncope.	 Most	 symptoms	 result	 from	 tachycardia.	 It	 is
unusual	 for	patients	 to	have	dizziness	or	dyspnea	 from	rate-controlled	AF
alone,	 and	 these	 patients	 should	 be	 evaluated	 for	 other	 causes	 of	 their
symptoms.
Patients	 may	 present	 with	 unstable	 angina	 in	 the	 setting	 of	 significant
CAD;	 CHF	 with	 orthopnea,	 lower	 extremity	 edema,	 and	 dyspnea;	 focal
neurologic	deficits	(in	the	setting	of	an	embolic	stroke);	severe	abdominal
or	 extremity	 pain	 (in	 the	 setting	 of	 peripheral	 embolization	 with
mesenteric	or	limb	ischemia);	or	frank	syncope	(sick	sinus).

Physical	Examination

Usually,	 there	 is	 a	 rapid,	 irregularly	 irregular	 pulse,	 S1	 of	 varying
intensity,	and	absence	of	S4	or	A	waves.
Examination	should	also	focus	on	identifying	signs	of	CHF	including	lower
extremity	edema,	dyspnea,	crackles	and/or	wheezing	on	pulmonary	exam,
and	 elevated	 jugular	 venous	 pressure	 (JVP)	 though	 the	 A	 wave	 may	 be
absent	thus	this	is	less	sensitive.
Other	 possible	 findings	 include	 goiter,	 hyperthyroid	 signs,	 wheezing
(underlying	 pulmonary	 disease),	 focal	 neurologic	 deficits,	 or	 evidence	 of
peripheral	embolization	(a	cold	extremity	or	absent	pulse).

Diagnostic	Testing
Laboratories

Thyroid	function	test	should	be	obtained.
Serial	cardiac	enzymes	 if	acute	MI	suspected,	or	 if	 the	patient	has	known
CAD,	or	multiple	CAD	risk	factors.
Arterial	blood	gas	(ABG)	sampling	if	PE	is	suspected.
A	complete	blood	count	can	help	assess	for	anemia	or	infection.



A	complete	metabolic	panel	will	help	assess	electrolyte	abnormalities.
Blood	 cultures	 and	 further	 infectious	 workup	 should	 be	 performed	 if	 an
underlying	infection	is	suspected.

Electrocardiography
ECG	reveals	the	absence	of	P	waves	with	an	irregular	ventricular	rhythm	and	an
irregularly	 irregular	 ventricular	 rhythm,	 or	 atrial	 fibrillation	 with	 rapid
ventricular	response	is	usually	at	a	rate	of	110–170	beats	per	minute	(bpm).
The	QRS	complexes	are	usually	narrow	 though	 the	ventricular	 response	 (QRS
morphology)	varies	according	to	different	properties	of	AV	node	and	conduction
system,	vagal/sympathetic	tone,	and	presence	of	accessory	pathway.

Imaging

CXR	 can	 detect	 any	 underlying	 pulmonary	 pathology	 and	 measure	 the
cardiac	silhouette.
Transthoracic	 echocardiography	 (TTE)	 is	 a	 useful	 tool	 to	 evaluate	 for
valvular	 or	 other	 cardiac	 structural	 abnormality	 and	 to	measure	 left	 atrial
size,	left	ventricular	size.
Transesophageal	 echocardiography	 (TEE)	 can	 be	 employed	 to	 identify
thrombi	in	the	left	atrium	prior	to	cardioversion.
If	 PE	 is	 expected,	 lower	 extremity	 venous	 Doppler	 studies	 and
ventilation/perfusion	scan	or	CT	scan	may	be	necessary.
Brain	imaging	should	be	obtained	if	neurologic	deficits	are	present.

Diagnostic	Procedures
Cardiac	stress	testing	may	be	indicated	if	the	patient	has	known	CAD	or	multiple
CAD	risk	factors.

TREATMENT
The	therapeutic	approach	to	AF	is	best	divided	into	three	broad	areas:

Control	of	the	ventricular	rate
Restoration	and	maintenance	of	sinus	rhythm
Reduction	of	the	risk	of	thromboembolic	complications



Ultimately,	the	specific	approach	to	management	of	AF	will	vary	for	individual
patients	 and	will	 depend	 to	 a	 large	 extent	 on	 concomitant	 illnesses/conditions,
patient	preferences,	and	severity	of	symptoms/complications.	If	symptoms	are
severe	or	if	the	patient	is	hemodynamically	unstable,	the	treatment	of	choice
is	urgent	synchronized	DC	cardioversion	without	anticoagulation	(120–200
J	biphasic	or	200	J	monophasic).1

Rate	Control
Usually,	 the	 ventricular	 rate	 is	 110–170	 bpm	 in	 the	 absence	 of	 drug
therapy	or	conduction	system	disease.	If	the	rapid	rate	persists,	patients	are
at	 an	 increased	 risk	 of	 hemodynamic	 instability,	 tachycardia	 associated
cardiomyopathy,	 and	 increase	 in	 symptoms	 given	 decreased	 ventricular
filling	and	increased	myocardial	demand.
There	 is	no	benefit	with	 strict	 rate	 control	 (<80	bpm	at	 rest	or	<110	bpm
during	6-minute	walk)	 compared	 to	 lenient	 rate	 control	 (resting	heart	 rate
<110	bpm)	in	patients	with	persistent	AF.2
Correcting	 reversible	 causes	 including	 hypoxia,	 infection,	 and	 thyroid
illnesses	have	been	shown	to	improve	success	of	rate	control.
Pharmacologic	 rate	 control:	 In	 the	 absence	of	 significant	 symptoms,	 IV
medications	are	unnecessary	and	best	avoided	in	favor	of	oral	preparations,
which	carry	less	risk	of	hypotension	and	symptomatic	bradycardia.

Beta	 adrenergic	 blockers	 (β-blockers)	 blunt	 atrioventricular	 (AV)
nodal	conduction	and	slow	ventricular	response.	They	are	the	agents
of	 choice	 when	 AF	 is	 associated	 with	 thyrotoxicosis,	 acute
myocardial	 infarction	 (MI),	 or	 postoperatively.	 If	 acutely	 needed,
metoprolol	may	 be	 given	 starting	 at	 5	mg	 IV	 over	 2–3	minutes	 and
repeated	twice	more	until	desired	heart	rate	is	achieved.	This	should	be
followed	by	an	oral	dose	of	metoprolol,	25–50	mg	PO	bid.	β-blockers
should	be	avoided	 in	patients	with	acute	decompensated	heart	 failure
and	hypotension	and	used	with	caution	 in	 those	with	 reactive	airway
disease.
Calcium	 channel	 blockers	 are	 available	 in	 both	 IV	 and	 PO
preparations.	 The	 nondihydropyridines	 (e.g.,	 diltiazem,	 verapamil)
are	 effective	 rate-control	 agents.	 Diltiazem	 5–10	 mg	 IV	 over	 2
minutes	may	be	given	and	repeated	in	15	minutes	if	desired	rate	is	not
achieved;	 it	 can	 also	 be	 followed	 with	 5–15	 mg/h	 IV	 drip	 for	 <24



hours.	 Calcium	 channel	 blockers	 should	 also	 be	 avoided	 in
hypotension	and	acute	decompensated	heart	failure.	Oral	preparations
may	be	used	for	long-term	rate	control.
Digoxin	 slows	 the	 ventricular	 response	 by	 increasing	vagal	 tone	 and
blunting	AV	nodal	conduction.

The	onset	of	action	is	significantly	delayed	compared	with	other
agents,	 and	 rate	 control	 is	 often	 lost	with	 increased	 sympathetic
tone	 (e.g.,	 exercise).	 It	 is	 therefore	most	 effective	 in	 controlling
resting	 heart	 rate	 and	 less	 effective	 for	 ambulatory	 patients.
Unlike	 its	 inotropic	 effects,	 rate	 control	 is	 not	 seen	 until	 serum
levels	are	>1.4	ng/mL.
It	 is	best	 suited	 for	patients	with	 coexisting	 symptomatic	LV
dysfunction	(given	its	positive	inotropic	effect),	as	an	adjunct	to
β-blocker	or	calcium	channel	blocker	therapy	or	as	an	alternative
for	intolerant	patients.
Avoid	digoxin	in	cases	of	acute	or	chronic	renal	dysfunction.

Amiodarone	is	a	class	III	antiarrhythmic	that	has	AV	nodal–blocking
properties	 along	 with	 sympatholytic	 and	 calcium	 channel	 antagonist
properties.	 It	 is	 a	 secondary	 agent,	 used	 primarily	 for	 refractory	 rate
control	 or	 in	 patients	 in	 acute	 decompensated	 heart	 failure	 or
hypotensive.	It	may	convert	a	patient	to	sinus	rhythm,	thus	increasing
the	 risk	of	 thromboembolism	 in	patients	with	prolonged	AF	who	are
not	 anticoagulated.	 Amiodarone	 increases	 digoxin	 levels	 and
inhibits	warfarin	metabolism,	so	appropriate	adjustments	to	those
medications	should	be	made.

Restoration	 and	 Maintenance	 of	 Sinus
Rhythm

No	 studies	 have	 demonstrated	 a	 survival	 benefit	 or	 a	 reduction	 in
thromboembolic	 events	 with	 chronic	 rhythm	 control	 over	 the	 alternate
strategy	 of	 ventricular	 rate	 control	 and	 long-term	 anticoagulation,
particularly	in	patients	prone	to	persistent	or	chronic	AF.
In	large	trials	with	mostly	older	patients	with	asymptomatic	persistent	AF,
there	 was	 no	 mortality	 benefit	 to	 a	 rhythm-control	 strategy	 as	 compared
with	 a	 rate-control	 strategy	 (AFFIRM,	 RACE	 trials).	 In	 fact,	 there	 were
trends	 toward	 improved	 survival	 and	 stroke	 risk	 with	 the	 rate-control



strategy.3,4
Most	 patients	 with	 symptomatic	 AF	 prefer	 a	 rhythm-control	 strategy	 to
achieve	sinus	rhythm.
The	 differences	 in	 quality	 of	 life	 between	 the	 two	 strategies	 were	 not
demonstrable	in	the	AFFIRM	trial.3
Cardioversion	 can	 be	 performed	 with	 synchronized	 direct	 current
cardioversion	 (DCC)	 and/or	 antiarrhythmic	 medications.	 Because	 of
the	 increased	 risk	 of	 thromboembolic	 events	 in	 the	 first	 few	weeks	 after
cardioversion,	 elective	 cardioversions	 should	generally	be	performed	with
anticoagulation	and	continued	for	a	minimum	of	4	weeks	afterward.

If	the	patient	is	hemodynamically	unstable,	urgent	synchronized	DCC
starting	at	200	J	is	warranted	without	anticoagulation.
Cardioversion	 can	 also	 be	 performed	 without	 anticoagulation	 in	 the
setting	of	short-duration	AF	(<48	hours)	or	after	a	TEE	demonstrates
absence	of	a	left	atrial	thrombus.
In	 the	 stable	 patient,	 if	 the	AF	 has	 lasted	 >48	 hours,	 is	 of	 unknown
duration,	 or	 is	 with	 coexisting	 mitral	 stenosis	 or	 a	 history	 of	 a
thromboembolism,	 cardioversion	 should	 be	 delayed	 until
anticoagulation	can	be	maintained	at	 appropriate	 levels	 (international
normalized	 ratio	 [INR]	of	2.0–3.0)	 for	3–4	weeks	or	until	 evaluation
for	thrombi	of	the	left	atrial	appendage	by	TEE	is	performed.

Pharmacologic	agents
Pharmacologic	agents	for	restoration	and	maintenance	of	sinus	rhythm
are	shown	in	Table	7-1.1
Although	 the	 conversion	 rate	 with	 drugs	 is	 significantly	 lower	 than
with	electrical	cardioversion,	these	agents	are	commonly	used	as	either
alternatives	to	DCC,	adjuncts	to	DCC,	or	as	salvage	therapy	in	case	of
failed	DCC.
Some	 research	 demonstrates	 evidence	 that	 pretreatment	 with
antiarrhythmic	 medications	 can	 improve	 the	 success	 of	 DC
cardioversion.1
Do	not	pharmacologically	cardiovert	a	patient	whom	you	would	not	be
comfortable	cardioverting	electrically	based	on	embolic	risk.
If	 an	 antiarrythmic	 is	 being	 considered,	 a	 cardiologist	 should	 be
consulted	 to	 assist	 in	 choosing	 the	 appropriate	 medication	 and
monitoring	for	side	effects	and	potential	organ	toxicity.

Nonpharmacologic	methods	of	restoring/maintaining	sinus	rhythm	exist.
The	Cox-Maze	procedure	is	a	cardiac	operation	in	which	a	sternotomy



is	performed	and	a	series	of	carefully	placed	incisions	are	made	in	the
atria	 to	 channel	 the	 erratic	 electrical	 activity	 to	 the	 AV	 node.
Anticoagulation	 is	 continued	 initially	 after	 the	 procedure,	 and	 the
decision	to	discontinue	is	individualized	for	each	patient.5
Percutaneous	 approaches,	 including	 pulmonary	 vein	 isolation	 and
ablation,	are	used	in	specialized	settings.
The	 focus	 of	 atrial	 flutter	 may	 be	 destroyed	 by	 radiofrequency
ablation,	often	resulting	in	restoration	of	normal	sinus	rhythm.	Many
of	these	patients	will	be	left	with	AF,	however.

TABLE	7-1	Pharmacologic	Agents	Used	to	Treat	Atrial	Fibrillation



Thromboembolic	 Risk	 Reduction:	 Stroke
Prevention
There	is	a	significant	risk	of	stroke	in	patients	with	AF	due	to	the	formation	of
thrombi.	Risk	factors	for	thromboembolic	events	related	to	AF	and	yearly	risk	of
stroke	 without	 anticoagulation	 can	 be	 estimated	 using	 the	 CHADS2	 scoring
system	 that	 is	 detailed	 in	 Table	 7-2.6,7	 A	 more	 expanded	 scoring	 system,	 the
CHA2DS2-VASc	scoring	system,	detailed	in	Table	7-3,	 includes	female	gender,
vascular	disease,	and	age	65–74	years	as	risk	factors	and	increases	the	value	of



age	>75	years.8	 Including	 the	additional	 risk	factors	can	help	clinicians	 further
risk	 stratify	 those	 patients	 with	 a	 CHADS2	 score	 of	 1	 as	 research	 has
demonstrated	that	for	those	patients	with	a	CHADS2	score	of	0–1	but	a	CHADS-
VASc	score	of	1–2,	there	is	a	significant	increased	risk	for	events	(mortality)	in
those	not	anticoagulated.9	The	overall	goal	of	preventing	thromboembolic	events
must	be	weighed	against	the	risk	of	bleeding	complications	with	anticoagulation.
The	 recent	development	of	 the	HAS-BLED	score	 (detailed	 in	Table	7-4)	helps
clinicians	 risk	 stratify	 both	 initiating	 and	 continuing	 antociagulation.10	 For
patients	 with	 a	 lower	 risk	 for	 stroke	 (CHADS2	 score	 0),	 the	 risks	 of
anticoagulation	 outweigh	 the	 benefit;	 therefore.	 aspirin	 is	 reasonable.	 Patients
with	“lone	AF”	can	be	managed	with	aspirin	alone.	Those	with	an	intermediate
score	of	1,	aspirin	or	anticoagulation	may	be	used.	Those	at	the	highest	risk	for
bleeding	based	on	the	scoring	system,	it	is	recommended	to	regularly	review	and
use	 overall	 caution	 with	 anticoagulation.11–13	 Thus,	 a	 history	 of	 GI	 bleeding,
hemorrhagic	 stroke,	 fall	 risk,	 renal	 insufficiency,	 etc.	 should	 all	 be	 considered
when	 choosing	 one	 anticoagulant	 over	 another.	 Specific	 anticoagulants	 are
detailed	below:

TABLE	7-2	STROKE	RISK	IN	PATIENTS	WITH	NONVALVULAR
ATRIAL	FIBRILLATION

aFor	patients	<65	years	old	and	without	heart	disease	(lone	AF).



bWarfarin,	INR	goal	2.0–3.0,	target	2.5;	if	mechanical	valve,	target	INR	2.5–3.5.
Adapted	 from	 Gage	 BF,	 Van	 Walravn	 C,	 Pearce	 L,	 et	 al.	 Selecting	 patients	 with	 atrial	 fibrillation	 for
anticoagulation:	 stroke	 risk	 stratification	 in	 patients	 taking	 aspirin.	Circulation	 2004;110:2287–92;	 Gage
BF,	Waterman	AD,	Shannon	W,	 et	 al.	Validation	 of	 clinical	 classification	 schemes	 for	 predicting	 stroke:
results	from	National	Registry	of	Atrial	Fibrillation.	JAMA	2001;285:2864–70.

TABLE	7-3	STROKE	RISK	IN	PATIENTS	WITH	NONVALVULAR
ATRIAL	FIBRILLATION

aWarfarin,	INR	goal	2.0–3.0,	target	2.5;	if	mechanical	valve,	target	INR	2.5–3.5.
Adapted	 from	Lip	GY,	Halperin	 JL.	 Improving	 stroke	 risk	 stratification	 in	 atrial	 fibrillation.	Am	 J	Med
2010;123(6):484–8.

TABLE	7-4	HAS-BLED	SCORING	SYSTEM	TO	DETERMINE	1-
YEAR	 RISK	 FOR	 MAJOR	 BLEEDINGa	 IN	 PATIENTS	 WITH
ATRIAL	FIBRILLATION



aAny	bleeding	requiring	hospitalization,	causing	a	decrease	in	hemoglobin	level	>	2	g/L,	and/or	requiring
blood	transfusion	that	was	not	hemorrhagic	stroke.
bRisk	score	of	≥3	indicates	increased	risk	for	bleeding	in	1	year	with	recommendations	for	regular	review
and	overall	caution	with	anticoagulation	use.
Adapted	 from	 Lip	GY,	Deirfre	L.	Use	 of	 the	 CHA2DS2-VASc	 and	 HAS-BLED	 scores	 to	 aid	 decision
making	for	thromboprophylaxis	in	nonvalvular	atrial	fibrillation.	Circulation	2012;126:860–5;	Granger	CB,
Alexander	JH,	McMurray	JJ,	 et	 al.	Apixaban	versus	warfarin	 in	patients	with	atrial	 fibrillation.	N	Engl	 J
Med	 2011;365(11):981–92;	 Patel	 MR,	 Mahaffey	 KW,	 Garg	 J,	 et	 al.	 Rivaroxaban	 versus	 warfarin	 in
nonvalvular	atrial	fibrillation.	N	Engl	J	Med	2011;365(10):	883–91;	Guigliano	RP,	Ruff	CT,	Braunwald	E,
et	al.	Edoxaban	versus	warfarin	in	patients	with	atrial	fibrillation.	N	Engl	J	Med	2013;369:2093–104.

Warfarin	inhibits	the	synthesis	of	vitamin	K–dependent	clotting	factors.
The	 anticoagulant	 effect	 of	 warfarin	 is	 highly	 variable	 with	 genetic
polymorphisms,	oral	intake	of	vitamin	K,	interaction	with	medications,
liver	dysfunction,	and	current	antibiotic	use.



Warfarin’s	 anticoagulation	 effect	 is	 monitored	 with	 the	 INR,	 a
standardized	report	of	prothrombin	time	(PT).	The	goal	INR	for	most
indications	is	2.0–3.0,	though	some	clinical	situations	require	different
goals.1
Given	the	individual	variable	response	to	warfarin,	the	INR	should	be
checked	 every	 week	 with	 dose	 adjustments	 until	 a	 steady	 state	 is
reached.	Once	 this	 is	 achieved,	 INR	blood	 tests	 can	 be	 checked	 less
frequently.
It	 is	 important	 to	 ask	 the	 patient	 about	 missed	 doses,	 overall
compliance,	consistent	diet,	recent	antibiotic	use,	and	new	or	change	in
medications	if	the	INR	level	suddenly	changes	or	is	difficult	to	achieve
therapeutic	level.
Warfarin	may	be	reversed	with	oral	or	IV	vitamin	K	with	effect	in
24	hours	and	8–12	hours,	respectively.	Additional	reversal	agents
include	 fresh	 frozen	 plasma	 (FFP),	 prothrombin	 complex
concentrate	 (PCC),	 or	 recombinant	 factor	 VIIa	 with	 immediate
effect	 in	 the	 case	 of	 over	 anticoagulation	 and	 life-threatening
bleeding.14

Novel	oral	anticoagulants	(NOACs)
Because	 the	 risk/benefit	 ratio	 for	 anticoagulation	 is	 unique	 to	 each
individual,	variation	exists	in	recommended	anticoagulation	strategies.
These	new	alternatives	to	warfarin	are	being	offered	as	anticoagulation
that	 tailors	 to	 the	 individual’s	 preferences,	medical	 history,	 and	 risks
factors.
A	major	benefit	of	the	NOACs	is	that	they	do	not	require	monitoring
with	blood	 tests	 like	warfarin	adding	convenience	for	 the	patient	and
physician.
NOACs	must	be	adjusted	for	renal	insufficiency;	if	a	patient	develops
kidney	 injury,	 overanticoagulation	 may	 occur	 and	 result	 in	 life-
threatening	bleeding.
It	 is	 important	 to	note	 that	NOACs	have	 limited	options	 for	 reversal
agents	at	present.
Dabigatran	is	a	direct	thrombin	inhibitor.	It	reduces	the	risk	of	stroke
and	systemic	embolism	in	those	with	nonvalvular	AF	as	demonstrated
in	the	RE-LY	trial,	which	demonstrated	superiority	to	warfarin	with	the
150	 mg	 bid	 dose	 with	 similar	 bleeding	 rates	 and	 noninferiority	 to
warfarin	with	the	110	mg	bid	dose	with	lower	bleeding	rates.15

Dabigatran	is	dosed	as	150	mg	PO	bid	for	patients	with	CrCl	>30



mL/min	 and	 75	 mg	 PO	 bid	 for	 those	 with	 a	 CrCl	 15–30
mL/min.16	It	is	85%	renally	cleared	with	a	mean	half-life	of	14–
17	 hours	 and	 should	 be	 stopped	 in	 patients	 who	 develop	 acute
kidney	injury.16
It	is	not	approved	for	use	with	mechanical	heart	valves.
A	common	side	effect	of	dabigatran	is	dyspepsia	or	gastric	ulcers.
Dabigatran	 is	 currently	 the	 only	NOAC	with	 an	 FDA-approved
reversal	agent,	though	there	are	reversal	agents	for	other	NOACs
currently	 under	 investigation.	 A	 humanized	 monoclonal
fragment	antigen	binding	(Fab)	to	dabigatran,	idarucizumab,
recently	 became	 the	 first	 FDA-approved	 NOAC-specific
reversal	agent.17	A	recombinant	human	factor	Xa	agent	is	under
investigation	and	may	be	approved	in	the	future	once	the	risk	of
immediate	thrombosis	with	reversal	is	further	studied.18

Apixaban	 is	 a	 factor	 Xa	 inhibitor	 and	 is	 approved	 for	 stroke
prophylaxis	 and	 prevention	 of	 systemic	 embolism	 in	 patients	 with
nonvalvular	atrial	fibrillation.

Apixaban	 demonstrated	 superiority	 to	 warfarin	 for	 stroke
prophylaxis	with	lower	bleeding	rates	and	improvement	in	overall
mortality	in	the	ARISTOTLE	trial.19
It	is	typically	dosed	as	5	mg	PO	bid	or	2.5	mg	PO	bid	for	patients
with	≥2	of	the	following:	≥80	years	of	age,	≤60	kg	body	weight,
and	Cr	≥1.5	mg/dL.16	 It	 is	about	27%	renally	cleared	and	 is	not
recommended	 for	 patient	 with	 severe	 hepatic	 impairment;	 the
mean	half-life	is	~12	hours.16
The	most	common	side	effect	is	bleeding	complications.	There	is
an	 increased	 risk	 for	 stroke	 when	 stopped,	 and	 thus,	 another
anticoagulant	should	be	considered	for	at	least	1	week.
Again,	 no	 factor	 Xa	 reversal	 agents	 are	 FDA	 approved	 at	 this
time.

Rivaroxaban	 is	 a	 factor	 Xa	 inhibitor	 that	 is	 approved	 for	 stroke
prophylaxis	and	the	prevention	of	systemic	embolism	in	patients	with
nonvalvular	 atrial	 fibrillation.	 It	 has	 also	been	approved	 for	DVT/PE
treatment.

The	 ROCKET	AF	 trial	 demonstrated	 noninferiority	 to	 warfarin
for	 nonvalvular	 atrial	 fibrillation	 with	 similar	 overall	 bleeding
events	though	fewer	intracranial	and	fatal	bleeding	events.20
Rivaroxaban	is	dosed	once	daily	as	either	15	mg	for	patients	with
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CrCl	 15–50	 mL/min	 and	 20	 mg	 for	 patients	 with	 CrCl	 >50
mL/min.16	It	is	about	33%	renally	cleared	and	not	recommended
for	 those	 with	 moderate	 or	 severe	 hepatic	 impairment	 or
coagulopathy	 from	 liver	 disease.	 The	 mean	 half-life	 is	 5–13
hours.16
Similar	 to	 apixaban,	 the	 most	 common	 side	 effect	 is	 bleeding
complications	 and	 an	 increased	 risk	 of	 stroke	 when	 the
medication	 is	 stopped,	 thus	 another	 anticoagulant	 should	 be
considered	for	at	least	1	week	once	it	is	stopped.16
There	are	no	factor	Xa	reversal	agents	that	are	FDA	approved	at
this	time.

Edoxaban	 is	 a	 direct	 Xa	 factor	 inhibitor	 that	 is	 FDA	 approved	 for
nonvalvular	atrial	fibrillation	and	DVT/PE.

The	 ENGAGE	 AF-TIMI	 48	 trial	 demonstrated	 superiority	 to
warfarin	at	 the	60	mg	dosing	and	noninferiority	with	 the	30	mg
dosing.	 The	 study	 demonstrated	 significantly	 fewer	 major
bleeding	events	and	fewer	overall	cardiovascular-related	deaths	at
both	dosages.21
It	is	not	recommended	in	patients	with	a	CrCl	>95	mL/min	as
these	 patients	 had	 an	 increased	 rate	 of	 ischemic	 stroke	 with
edoxaban	 60	 mg	 once	 daily	 compared	 to	 patients	 treated	 with
warfarin.16
A	50%	dose	reduction	in	patients	with	features	that	are	known	to
increase	edoxaban	drug	 levels	 including	renal	dysfunction	(CrCl
30–50	mL/min),	low	body	weight	(≤60	kg),	or	concomitant	use	of
medication	with	P-glycoprotein	 interaction	prevents	 excess	drug
interaction	and	optimizes	risk	of	ischemic	and	bleeding	events.22
As	 noted	 above,	 there	 are	 no	 FDA-approved	 factor	Xa	 reversal
agents	at	this	time.
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GENERAL	PRINCIPLES
Leading	indications	for	anticoagulation	are	venous	thromboembolic	(VTE)
disease	 (deep	 venous	 thrombosis	 [DVT]	 or	 pulmonary	 embolism	 [PE]),
atrial	fibrillation	(AF),	and	mechanical	heart	valves.
Temporary	 interruption	 of	 anticoagulation	 for	 procedures	 occurs	 over
250,000	 times	 a	 year	 in	 the	 United	 States,	 introducing	 a	 small	 but
significant	risk	of	thrombosis.1
Continuing	oral	anticoagulation	(OAC)	or	bridging	with	heparinoids	 leads
to	increased	risk	of	periprocedural	bleeding.
The	 novel	 oral	 anticoagulants	 ([NOACs];	 e.g.,	 dabigatran,	 rivaroxaban,
apixaban,	 and	 edoxaban)	 raise	 further	 concerns	 for	 managing
periprocedural	 bleeding,	 as	 most	 lack	 routine	 methods	 for	 urgently
reversing	their	effect.
The	role	of	the	consultant	is	to	weigh	the	risk	of	thrombotic	complications
associated	 with	 interrupting	 OAC	 against	 the	 risk	 of	 bleeding
complications.

DETERMINING	RISK

Risk	of	Major	Bleeding
The	first	step	should	be	to	determine	the	bleeding	risk	for	the	procedure.

Procedures	at	low	risk	for	major	bleeding
These	 procedures	 include	 dental,	 dermatologic,	 ophthalmologic,



arthroscopic,	bronchoscopic,	and	endoscopic	(without	biopsy).
Cholecystectomy	 and	 other	 laparoscopic	 procedures	 are	 also
considered	low	risk	(although	some	surgeons	may	disagree).
These	procedures	may	be	undertaken	without	discontinuing	OAC,
although	resistance	to	proceeding	as	such	is	relatively	common.
Dental	 patients	 with	 bleeding	 should	 use	 mouthwash	 containing
tranexamic	or	epsilon-aminocaproic	acid.
Pacemaker	 and	 implantable	 cardioverter–defibrillator	 procedures	 can
also	 be	 undertaken	 without	 interrupting	 warfarin	 therapy,	 as	 heparin
bridging	 may	 pose	 up	 to	 a	 fivefold	 greater	 risk	 of	 device-pocket
hematomas.2

Most	 other	 surgical	 procedures	 carry	 a	high	 risk	 for	major	bleeding,
estimated	at	about	2%,	and	warrant	period	of	anticoagulation	interruption.3

The	 literature	 is	 hindered	 by	 the	 lack	 of	 a	 consensus	 definition	 for
major	 bleeding,	 though	 generally	 includes	 intracranial	 bleeding,
bleeding	 that	 results	 in	admission,	or	bleeding	requiring	 two	or	more
units	of	packed	red	blood	cells	to	correct.
Major	bleeds	occur	most	frequently	in	the	gastrointestinal	and	urinary
tracts	and	are	accompanied	by	up	to	10%	risk	of	mortality.4

Bleeding	 risk	 also	 depends	 on	 patient	 comorbidities	 and	 age.	 Scoring
systems	 have	 been	 developed	 to	 help	 incorporate	 such	 factors	 into	 the
bleeding	 risk	 assessment	 for	 AF	 patients	 on	 warfarin.	 The	 HAS-BLED
score	(please	see	Chapter	7)	has	been	the	most	predictive	of	these	systems,
although	it	has	yet	to	be	externally	validated.5
Overaggressive	 postoperative	 anticoagulation	 may	 paradoxically	 lead	 to
increased	risk	of	 thrombosis,	as	bleeding	or	oozing	may	delay	resumption
of	OAC.
It	should	be	noted	that	regional	or	epidural	anesthesia	carries	a	risk	of
hematoma	 formation	and	resultant	 cord	compression.	Low	molecular
weight	 heparins	 (LMWHs)	 are	 not	 FDA	 approved	 for	 patients
receiving	epidural	anesthesia.

Risk	of	Thrombosis
Second,	the	risk	of	thrombosis	from	the	interruption	of	OAC	should	be	assessed.
This	risk	is	determined	largely	by	the	underlying	indication	for	anticoagulation.6

VTE	patients	are	at	high	risk	for	thromboembolic	complications	if	they	are



<3	months	from	the	index	event	or	if	they	carry	the	diagnosis	of	an	active
cancer.	Patients	>12	months	removed	from	a	VTE	event	are	at	low	risk.
AF	patients	are	considered	high	risk	for	stroke	based	on	a	CHADS2	(please
see	Chapter	7)	score	of	≥5	or	history	of	systemic	embolism	within	the	past
12	weeks.	Those	with	CHADS2	scores	≤2	are	at	low	risk.
Mechanical	 heart	 valve	 patients	 are	 at	 high	 risk	 for	 thromboembolic
events	 with	 any	mitral	 valve	 prosthesis,	 older	 (e.g.,	 caged-ball	 or	 tilting-
disk)	 aortic	 valve	 prosthesis,	 multiple	 valve	 prostheses,	 or	 a	 history	 of
cardioembolic	events.	Low-risk	patients	are	those	with	bileaflet	aortic	valve
prostheses	 and	no	other	 risk	 factors	 (e.g.,	AF	or	 history	 of	 cardioembolic
event).
As	 indicated	 by	 the	 common	 practice	 of	 admitting	 patients	 for
subtherapeutic	 internationalized	 normalized	 ratios	 (INRs),	 the	 risk	 of
thrombosis	 during	 interruption	 of	 anticoagulation	 therapy	 is	 probably
overestimated	by	clinicians.

A	 patient	 with	 a	 St.	 Jude	 bileaflet	 mitral	 valve,	 for	 instance,	 has	 a
yearly	risk	of	thrombosis	off	anticoagulation	of	23%.7	Thus,	for	4	days
of	interrupted	anticoagulation,	the	risk	of	thrombosis	would	be	0.25%
(4/365	×	0.23).
Anticoagulation	 reduces	 the	 risk	 of	 thrombosis	 by	 75%,8	 so	 the
absolute	 risk	 reduction	 (ARR)	 of	 bridging	 with	 parenteral
anticoagulation	during	these	4	days	would	be	0.19%	(0.25%	×	0.75).
The	number	needed	to	treat	(NNT)	to	prevent	one	thrombotic	event	by
bridging	is	thus	526	(NNT	=	1/ARR).
The	observed	data	for	perioperative	stroke	rate,	at	0.4%,	is	higher	than
these	calculations.6	This	may	be	because	the	surgical	milieu	leads	to	a
prothrombotic	 state	 itself	 or	 because	 the	 abrupt	 discontinuation	 of
OAC	 theoretically	 leads	 to	 a	 rebound	 hypercoagulable	 state.	 While
surgery	 clearly	 increases	 risk	 of	 venous	 thrombosis,	 this	 observed
increase	 may	 be	 presumptive	 evidence	 for	 increased	 arterial
thrombosis	as	well.

However	 infrequent,	 perioperative	 thrombotic	 complications	 may	 be
catastrophic,	 with	 a	 9–14%	 all-cause	 mortality	 rate	 at	 30	 days	 post
procedure.9

DISEASE-SPECIFIC



PERIOPERATIVE
ANTICOAGULATION
MANAGEMENT

Venous	Thromboembolism
Risk	factors	for	VTE	are	many	and	varied	(Table	8-1).

TABLE	8-1	VENOUS	THROMBOEMBOLISM	RISK	FACTORS

CVA,	cerebrovascular	accident;	DVT,	deep	venous	thrombosis;	MI,	myocardial	infarction;	PE,	pulmonary
embolism.
Adapted	from	Geerts	WH,	Pineo	GF,	Heit	JA,	et	al.	Prevention	of	venous	thromboembolism:	the	Seventh
ACCP	Conference	on	Antithrombotic	and	Thrombolytic	Therapy.	Chest	2004;126:338S–400S.	Ref.10

Risk	 of	 VTE	 recurrence	 depends	 on	 risk	 factors,	 circumstances
precipitating	initial	DVT,	and	time	treated	with	OAC.	In	the	1st	month	after
a	DVT,	each	day	without	anticoagulation	increases	the	absolute	recurrence
risk	by	1%.	Recurrence	after	discontinuing	anticoagulation	after	4	weeks	is
8–10%,	and	after	3	months	is	4–5%.11
For	 patients	 with	 a	 newly	 diagnosed	 DVT,	 delay	 surgery	 if	 at	 all
possible	 for	 at	 least	 1	 month.	 Surgery	 within	 3	 months	 of	 a	 DVT	 event



should	 be	 treated	 as	 high	 risk	 with	 bridging	 therapy	 (see	 below).	 If
interruption	 of	 anticoagulation	 is	 absolutely	 necessary	 before	 1	month	 of
anticoagulation,	an	inferior	vena	cava	filter	(possibly	retrievable)	should	be
considered.

Atrial	Fibrillation
Nonvalvular	 AF	 has	 a	 4.5%	 risk	 per	 year	 of	 systemic	 embolization.
Perioperatively,	 this	 risk	 is	 about	 1.2%.12	 In	 the	 30	 days	 after	 an	 arterial
embolic	event,	the	risk	is	0.5%	per	day.	Risk	can	be	better	stratified	using
tools	such	as	the	CHADS2	or	CHA2DS2VASc	(please	see	Chapter	7)	scores,
though	these	have	not	been	validated	for	perioperative	settings.13
OAC	 with	 warfarin	 provides	 a	 66%	 yearly	 relative	 risk	 reduction	 of
systemic	embolization	with	nonvalvular	AF.14
AF	without	 risk	 factors	 is	 considered	 low	 risk,	with	no	need	 for	bridging
therapy.	Indeed,	the	2014	American	College	of	Cardiology/American	Heart
Association/Heart	Rhythm	Society	 (ACC/AHA/HRS)	 guidelines	 for	 atrial
fibrillation	 no	 longer	 recommend	 even	 long-term	 aspirin	 prophylaxis	 for
many	of	these	patients.15
Patients	with	multiple	risk	factors	qualify	as	intermediate	or	high	risk	by	the
2012	American	College	of	Chest	Physicians	(ACCP)	guidelines.1

These	 guidelines	 recommend	 bridging	 anticoagulation	 during	 OAC
interruption	 for	 high-risk	 patients	 and	 to	 consider	 bridging	 for
intermediate-risk	patients.
More	recently,	findings	from	the	BRIDGE	study	indicate	that	forgoing
bridging	anticoagulation	perioperatively	for	AF	patients	is	noninferior
to	 bridging	 with	 LMWH	 and	 decreases	 the	 risk	 of	 major	 bleeding
threefold.16	 However,	 this	 trial	 included	 only	 58	 patients	 with	 a
CHADS2	score	of	≥5	and	excluded	certain	high-risk	procedures.
More	 studies	 will	 be	 necessary	 to	 inform	 future	 guidelines	 for
recommendations	on	better	risk	stratifying	these	patients.

Recent	 embolic	 stroke	 should	 lead	 to	 consideration	 of	 delaying
procedures	until	risk	returns	to	baseline.	If	the	procedure	is	necessary,
however,	these	patients	should	be	treated	as	high	risk.

Prosthetic	Heart	Valves



The	annual	rate	of	major	thrombotic	events	for	mechanical	valves	without
anticoagulation	 is	 8%	 and	 is	 highest	 in	 the	 first	 3	 months	 after	 valve
surgery.17
Anticoagulation	decreases	this	risk	by	75%.18
Risk	factors	for	thromboembolic	events	include	AF,	severe	left	ventricular
dysfunction	 (ejection	 fraction	 <30%),	 prior	 embolic	 events,	mitral	 versus
aortic	valve,	and	hypercoagulable	states.
Bileaflet	aortic	valve	replacements	(AVR)	without	any	of	these	risk	factors
are	 considered	 low	 risk	 by	both	 the	ACCP	and	 the	ACC/AHA	guidelines
and	require	no	bridging	therapy.1,18
Bridging	anticoagulation	is	recommended	for	high-risk	prosthetic	valve
patients	by	multiple	 society	guidelines,	 though	 there	 is	 disagreement	on
which	 patients	 fall	 into	 this	 high-risk	 group.	 In	 general,	 bileaflet	 AVR
with	 any	 of	 the	 risk	 factors	 above,	 older	 generation	 valve	prostheses,
and	all	mechanical	mitral	valves	are	considered	higher	risk	and	should
receive	bridging	therapy.
Temporary	 interruption	 of	 OAC	 for	 surgery	 may	 be	 bridged	 with	 either
unfractionated	heparin	(UFH)	or	LMWH.
OAC	 should	 be	 resumed	 as	 soon	 as	 possible	 postoperatively,	 based	 on
adequate	 achievement	 of	 hemostasis	 and	 bleeding	 risk.	 In	 emergency
situations	requiring	reversal	of	warfarin	therapy,	fresh	frozen	plasma	(FFP)
is	preferred	over	vitamin	K	as	it	is	less	likely	to	trigger	hypercoagulability.

TREATMENT
Please	 see	 summary	 of	 thromboembolic	 risk	 and	 possible	 treatments	 based	 on
risk	highlighted	in	Table	8-2.

TABLE	8-2	THROMBOEMBOLIC	RISK	AND	TREATMENT



AVR,	 aortic	 valve	 replacement;	 CVA/TIA,	 cerebrovascular	 accident/transient	 ischemic	 attack;	 INR,
international	 normalized	 ratio;	 LMWH,	 low	molecular	 weight	 heparin;	MVR,	mitral	 valve	 replacement;
NOAC,	novel	oral	anticoagulants;	UFH,	unfractionated	heparin;	VTE,	venous	thromboembolism.

Bridging	with	UFH	versus	LMWH
LMWH	 has	 been	 shown	 to	 be	 at	 least	 as	 comparable	 to	 UFH	 in
treatment	of	thrombosis	and	embolism.19
The	 benefits	 of	 LMWH	 include	 the	 lack	 of	 need	 for	 monitoring,
decreased	bleeding	risk,	and	potential	outpatient	use.
The	major	drawback	of	LMWH	is	its	relative	lack	of	reversibility	with
protamine.
Obese	patients	may	need	anti-Xa	monitoring.
The	use	of	LMWH	in	pregnant	patients	with	mechanical	valves	came
into	 question	 due	 to	 a	 2002	 Food	 and	 Drug	 Administration	 (FDA)
warning	 against	 its	 use.20	 This	 warning	 stemmed	 from	 deaths	 in
pregnant	 women	 with	 mechanical	 valves.	 Subsequently,	 there	 have
been	more	 data	 supporting	 the	 use	 of	 LMWH	 than	UFH	 in	 patients
with	mechanical	valves,	and	its	use	in	this	situation	is	now	supported
by	the	2012	ACCP1	as	well	as	the	2014	ACC/AHA18	guidelines.

Timing	of	bridging	and	anticoagulation	interruption
Patients	on	warfarin:	For	patients	 requiring	 interruption	of	warfarin
therapy,	 the	 ACCP	 guidelines	 recommend	 stopping	 warfarin	 5	 days
prior	 to	 the	 procedure,	 allowing	 INR	 to	 drift	 to	 near	 normal,	 and
initiating	bridging	anticoagulation	with	a	heparin	product	3	days	prior
to	 the	 procedure.1	 Warfarin	 can	 be	 resumed	 the	 evening	 after	 the



1.

procedure	given	no	bleeding	concerns.	The	patient’s	input	regarding
risk	of	complications	may	be	helpful.
Patients	 on	 NOACs:	 The	 NOACs	 include	 the	 direct	 thrombin
inhibitor	 dabigatran	 as	 well	 as	 the	 direct	 factor	 Xa	 inhibitors
rivaroxaban,	apixaban,	and	edoxaban.

These	 agents	 have	 gained	 approval	 for	 and	 widespread	 clinical
use	 in	 prevention	 of	 stroke	 in	 AF	 as	 well	 as	 prophylaxis	 and
treatment	of	VTE.21
They	have	short	half-lives,	 rapid	onset	and	offset	of	action	 (1–3
hours),	and	renal	clearance.
Importantly,	 NOACs	 cannot	 be	 monitored	 for	 anticoagulation
efficacy	with	routine	tests	(e.g.,	INR),	and	most	lack	methods	for
urgently	reversing	their	effect.
Idarucizumab,	 a	 monoclonal	 antibody	 fragment	 against
dabigatran,	 recently	 became	 the	 first	 FDA-approved	 NOAC-
specific	reversal	agent.22
Interruption	of	anticoagulation	for	patients	on	NOACs	is	 largely
based	on	pharmacokinetic	studies	and	best	practice	models	rather
than	well-designed	clinical	trials.
Depending	 on	 the	 patient’s	 renal	 function	 and	 the	 procedural
bleeding	 risk,	 NOAC	 therapy	 should	 be	 held	 1–2	 days	 prior	 to
procedures.23
For	 patients	 with	 significant	 renal	 impairment	 (creatinine
clearance	<50	mL/min)	or	those	undergoing	procedures	with	high
bleeding	 potential	 (e.g.,	 cardiovascular	 surgery	 or	 spinal
anesthesia),	consider	holding	NOAC	therapy	2–4	days	prior.
Bridging	anticoagulation	is	generally	not	required	for	patients	on
NOACs	because,	unlike	warfarin,	these	agents	do	not	require	the
levels	 of	 their	 target	 factors	 to	 reaccumulate	 over	 several	 days.
However,	 bridging	 anticoagulation	 should	 be	 considered	 for
patients	 at	 high	 risk	 for	 thrombotic	 events	 who	 require	 an
extended	interruption	of	NOAC	therapy.24
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GENERAL	PRINCIPLES
Dyspnea	 is	 the	 sensation	 of	 difficulty	 breathing.	 Patients	 use	 various
descriptors	 (e.g.,	 “tight,”	 “heavy,”	 “hard	 to	 breathe,”	 “hunger	 for	 air,”
“cannot	get	enough	air,”	etc.)	that	may	correspond	to	specific	causes.
Up	to	50%	of	patients	admitted	to	tertiary	care	hospitals	are	affected	by	this
often	debilitating	symptom.1
When	patients	with	dyspnea	first	present	to	the	hospital,	priority	should	be
placed	 on	 determining	 the	 underlying	 process	 leading	 to	 the	 symptom	 as
well	 as	 optimizing	 oxygenation.	 Many	 patients	 will	 have	 a	 previously
known	cardiac,	respiratory,	or	neuromuscular	condition,	which	can	lead	to
dyspnea.	 It	 may	 be	 challenging	 to	 determine	 if	 there	 is	 worsening	 of	 a
previously	known	condition	or	the	onset	of	a	new	condition.
Dyspnea	is	subjective	and	distinct	from	the	laboratory	finding	of	hypoxia.

The	medical	 consultant	 is	 frequently	 called	 to	 evaluate	 an	 inpatient	 who
experiences	 the	 sudden	 onset	 of	 dyspnea.	 In	 this	 situation,	 a	 reasonable,
rapid	 differential	 includes	 the	 following	 (even	 before	 seeing	 the	 patient):
pulmonary	embolism	(PE),	pneumothorax,	pneumonia,	airflow	obstruction
(mainly	 chronic	 obstructive	 pulmonary	 disease	 [COPD]	 and/or	 asthma),
pulmonary	 edema,	 angioedema	 or	 anaphylaxis,	 myocardial
ischemia/infarction,	arrhythmias,	and	anxiety.
Of	 course,	 once	 the	 patient	 is	 evaluated,	 this	 initial	 differential	 should
quickly	be	refined.	Anxiety	is	common	in	patients	with	dyspnea.	Dyspnea
may	also	be	a	manifestation	of	an	underlying	anxiety	disorder.	Psychogenic
dyspnea	 is	 common	 in	 patients	 presenting	 to	 the	 hospital,	 and	 there	 is
significant	cost	associated	with	their	evaluation.2	These	patients	may	have
associated	 depression	 or	 pain.	 Patients	 may	 describe	 progressive	 anxiety
culminating	 in	 dyspnea	 (rather	 than	 progressive	 dyspnea	 resulting	 in



anxiety).	They	may	also	describe	perioral	or	extremity	numbness.
Metabolic	 acidosis	 is	 compensated	by	 tachypnea	with	 large	 tidal	 volumes
and	a	respiratory	alkalosis.	This	rarely	leads	to	dyspnea	unless	the	acidosis
is	severe	or	there	is	underlying	pulmonary	pathology.
Abdominal	distention	from	ascites,	pregnancy,	or	morbid	obesity	may	also
lead	to	dyspnea,	but	this	is	less	likely	to	present	acutely.
Table	9-1	 reviews	 the	differential	 diagnosis	 in	more	general	 terms	 for	 the
acute	 setting.	 The	 list	 of	 potential	 specific	 causes	 is	 enormous.	 Further
details	 on	many	 of	 the	 elements	 in	 the	 differential	 are	 discussed	 in	 other
chapters.

TABLE	9-1	DIFFERENTIAL	DIAGNOSIS	OF	DYSPNEA

ARDS,	 acute	 respiratory	 distress	 syndrome;	 CNS,	 central	 nervous	 system;	 COPD,	 chronic	 obstructive
pulmonary	disease.

Diagnosis

Clinical	Presentation
History
The	history	should	include	the	following:

Onset,	quality,	severity,	duration,	and	ameliorating/exacerbating	factors



Associated	symptoms	such	as	fevers,	chills,	sweats,	orthopnea,	paroxysmal
nocturnal	dyspnea,	wheezing,	edema,	chest	pain,	cough,	sputum	production,
hemoptysis,	 palpitations,	 nausea,	 anxiety,	 dizziness,	 orthostasis,	 and
weakness
History	 of	 pulmonary,	 cardiac,	 neuromuscular/neurologic,	 renal,	 hepatic,
and	coagulopathic	disorders
Risk	factors	for	deep	venous	thrombosis/PE3
Ingestion	of	drugs,	medications,	toxic	substances,	and	administration	of	IV
fluids
Smoking	and	environmental	exposures

Physical	Examination
The	exam	should	focus	on	the	cardiovascular	and	respiratory	systems.4–6

Respiratory	 rate,	 effort,	 and	 pattern	 of	 breathing	 should	 be	 carefully
observed.
Auscultate	for	adventitious	lung	sounds	such	as	rales/crackles,	rhonchi,	and
wheezes	as	well	as	for	assessing	the	quality	of	airflow.
Auscultate	 for	murmurs,	 rubs,	and	gallops	as	well	as	note	 the	rhythm	and
rate.
Evaluate	for	signs	of	pulmonary	consolidation,	hyperresonance,	and	pleural
effusion	 (e.g.,	 egophony,	 changes	 in	 tactile	 fremitus,	 dullness	 to
percussion).
Evaluate	jugulovenous	pulsations	and	edema.
Palpate	 the	chest	wall	 for	 tenderness,	heaves,	abnormal	apical	 impulse,	or
crepitus.
Evaluate	for	signs	of	deep	venous	thrombosis	(e.g.,	asymmetric	edema).
Consider	measurement	of	the	pulsus	paradoxus.

Diagnostic	Testing
Testing	should	be	directed	based	on	results	of	history,	physical	exam,	and	vital
signs,	 including	 pulse	 oximetry.	 The	 sometimes	 tenuous	 correlation	 between
SaO2	by	pulse	oximetry	and	measured	PaO2	must	be	recognized,	particularly	in
the	clinically	important	range	of	percentages	in	the	80s	to	low	90s.

Laboratories



Anemia	is	rapidly	ruled	out	with	a	complete	blood	count	(CBC).
Consider	 checking	 arterial	 blood	 gases	 (ABG)	 in	 all	 patients	 being
evaluated	for	dyspnea.	The	ABG	can	provide	a	great	deal	of	information.	A
patient	 can	 have	 a	 normal	 SaO2,	 but	 an	 ABG	 may	 reveal	 a	 wide	 A–a
gradient—an	indication	of	lung	pathology.

A	 simple	 but	 useful	 approach	 to	 interpreting	 the	 blood	 gas	 is	 to
consider	 a	 low	 PaO2	 to	 be	 the	 result	 of	 pulmonary	 parenchymal	 or
airspace	 disease,	 right-to-left	 shunts,	 ventilation/perfusion
mismatching,	 or	 a	 dramatic	 increase	 in	 oxygen	 consumption	 with
respect	to	delivery.
An	 elevated	 PaCO2	 is	 almost	 invariably	 the	 result	 of	 decreased
alveolar	ventilation	or	decreased	exchange	of	gas	between	atmosphere
and	the	alveolus.	Most	commonly,	this	is	due	to	disease	of	the	airways
(COPD	or	asthma),	but	it	may	also	be	caused	by	chest	wall	disease	or
weakness	of	the	respiratory	muscles.
Central	 causes	 of	 elevated	 PCO2	 include	 central	 nervous	 system
lesions,	obesity,	hypoventilation,	and	hypothyroidism.
With	psychogenic	causes,	the	ABG	often	reveals	respiratory	alkalosis
with	normal	O2	transfer.
The	 A–a	 gradient	 is	 calculated	 as	 follows:	 A–a	 gradient	 =	 PaO2	 −
PaO2	where	the	PA	=	[(760	−	47)	×	FiO2]	−	(PaCO2/0.8).

Consider	 where	 appropriate,	 but	 not	 in	 all	 patients:	 B-type	 natriuretic
peptide	(BNP),7	troponin	I	(or	troponin	T),	and	D-dimer.

Maintain	 a	 high	 degree	 of	 suspicion	 for	 PE,	 or	 you	 will	 miss	 the
diagnosis.	A	normal	D-dimer	can	be	useful	to	exclude	a	PE	in	patients
with	 low	 pretest	 probability8	 but	 is	 less	 useful	 in	 older	 patients	 and
patients	who	have	been	hospitalized	for	more	than	3	days.9
Similarly,	a	BNP	can	exclude	the	diagnosis	of	heart	failure	but	will	not
replace	clinical	and	imaging	correlation	if	elevated.10,11

Electrocardiography
An	electrocardiogram	should	be	obtained.11

Imaging

A	 chest	 radiograph	 should	 be	 obtained.11	 Most	 causes	 of	 acute	 onset
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dyspnea	are	apparent	after	evaluating	with	a	CXR	and	ECG.
Bedside	lung	ultrasound,	when	available,	can	improve	diagnostic	accuracy
in	 the	 evaluation	 of	 acute	 onset	 dyspnea.12	 This	 requires	 some	 degree	 of
specialized	training,	however.
Where	appropriate,	consider	additional	imaging	studies	including:

If	 PE	 is	 highly	 suspected,	 additional	 imaging	 including	 venous
Doppler,	 ventilation–perfusion	 scanning,	 or	 computed	 tomography
scan	of	the	chest	may	be	necessary.3
Pulmonary	function	testing	with	diffusing	capacity	for	CO	of	the	lung.
If	 heart	 failure	 is	 the	 suspected	 etiology,	 then	 echocardiography	may
be	beneficial.

Diagnostic	Procedures
Additional	 testing	may	be	necessary	 to	 confirm	a	 suspected	diagnosis.	Further
diagnostic	procedures	to	evaluate	dyspnea	can	include	the	following:	pulmonary
function	testing	with	diffusing	capacity	for	CO	(DLCO)	of	the	lung	and	exercise
cardiopulmonary	 testing	 and	 ABGs	 may	 reveal	 abnormalities	 that	 are	 not
apparent	at	rest,	particularly	in	patients	with	chronic	dyspnea.1

TREATMENT
Treatment	 should	 focus	 on	 identifying	 and	 treating	 the	 underlying	 cause.
Further	 details	 regarding	 management	 of	 specific	 conditions	 are	 discussed	 in
other	 chapters.	 Psychogenic	 dyspnea	 can	 be	 controlled	 acutely	 with
benzodiazepines	 such	 as	 lorazepam,	 though	 caution	 should	 be	 exercised
especially	 in	 patients	 with	 concomitant	 pulmonary	 disease,	 due	 to	 the	 risk	 of
respiratory	depression	and	hypercapnia.	Haloperidol	may	also	be	considered	for
its	anxiolytic	effect	 (which	will	not	cause	respiratory	depression)	 in	patients	 in
the	hospital	who	are	delirious	or	psychotic.2
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GENERAL	PRINCIPLES
Chronic	obstructive	pulmonary	disease	(COPD)	 is	commonly	encountered
in	the	general	inpatient	setting.	A	systematic	approach	is	particularly	useful
in	 evaluating	 those	 suffering	 from	 this	 condition.	 COPD	 is	 a	 preventable
and	treatable	disease.1
COPD	is	the	fourth	leading	cause	of	death	in	the	United	States,	behind	heart
disease,	cancer,	and	cerebrovascular	accidents.	The	burden	and	prevalence
of	COPD	is	expected	to	increase.2
The	economic	burden	of	COPD	is	also	concerning;	in	the	United	States,	the
estimated	direct	costs	of	the	disease	are	$29.5	billion.	COPD	exacerbations
account	for	the	majority	of	this	figure.1

Definition
The	pulmonary	component	of	COPD	is	characterized	by	airflow	limitation	that
is	not	fully	reversible.	Significant	extrapulmonary	effects	may	be	present.

Classification
Historically,	 COPD	 has	 been	 classified	 as	 chronic	 bronchitis	 and/or
emphysema.1
Chronic	 bronchitis	 and	 emphysema	 are	 descriptive	 terms	 and	 may	 not
reflect	the	severity	of	airflow	limitation.1
Chronic	 bronchitis	 is	 defined	 as	 cough	 productive	 of	 at	 least	 two
tablespoons	 of	 sputum	 on	 most	 days	 of	 3	 consecutive	 months	 in	 2
consecutive	years.1



Emphysema	 is	 defined	 pathologically	 as	 nonuniform	 enlargement	 of	 the
distal	 airspaces	 with	 destruction	 of	 the	 acini,	 loss	 of	 lung	 elasticity,	 and
absence	of	any	fibrotic	changes.3
The	forced	expiratory	volume	in	1	second	(FEV1)	is	more	reflective	of	the
degree	 of	 airflow	 limitation	 and	 is	 used	 in	 conjunction	with	 the	 patient’s
symptoms	and	physical	findings	to	gauge	the	severity	of	disease	(Table	10-
1).3

TABLE	 10-1	 CLASSIFICATION	 OF	 COPD	 BASED	 ON
POSTBRONCHODILATOR	FEV1

COPD,	chronic	obstructive	pulmonary	disease;	FEV1,	forced	expiratory	volume	in	1	second.

Adapted	 from	Rabe	KF,	Hurd	S,	Anzueto	A,	 et	 al.	 Global	 strategy	 for	 the	 diagnosis,	 management,	 and
prevention	of	 chronic	obstructive	pulmonary	disease:	GOLD	executive	 summary.	Am	J	Respir	Crit	Care
Med	2007;176:532–55.

Etiology
The	 airflow	 limitation	 is	 usually	 progressive	 and	 associated	with	 an	 abnormal
inflammatory	 response	 to	 noxious	 particles	 or	 gases.	 The	 disease	 is	 polygenic



with	deficiency	of	α1-antitrypsin	being	a	well-documented	genetic	risk	factor.4

Pathophysiology
Inflammation	leading	to	repeated	injury	and	repair	leads	to	many	structural
changes	throughout	the	lung	parenchyma	and	airways.	Airway	remodeling
and	 loss	 of	 alveolar	 attachments	 result	 in	 decreased	 elastic	 recoil.3	These
changes	lead	to	the	following:

Airflow	limitation
Hypersecretion	of	mucus
Air	trapping
Abnormal	gas	exchange
Cor	pulmonale	(right	heart	failure)1

Acute	exacerbations	of	COPD	may	be	related	to	multiple	factors	including
the	following:

Viral	infections	(more	common)
Bacterial	infections	(less	common)
Poor	air	quality	(fine	particulates,	NO2,	SO2,	ozone)
Nonadherence	to	medical	therapy3

Risk	Factors
Cigarette	smoking	is	the	most	common	risk	factor	for	the	development	of
COPD.4
Only	 a	 minority	 of	 smokers	 (about	 15%)	 develop	 clinically	 significant
COPD.1
Other	risk	factors	include	hereditary	deficiency	of	α1-antitrypsin,	inhalation
exposure	to	occupational	dusts	and	chemicals,	as	well	as	exposure	to	indoor
pollution	from	the	burning	of	biomass	fuels	in	confined	spaces.3

DIAGNOSIS



Clinical	Presentation
History
COPD	should	be	considered	in	those	with	known	exposure	to	risk	factors.	There
is	 considerable	 variability	 in	 the	 clinical	 course	 of	 individual	 patients	 with
COPD.	In	most	patients,	the	course	is	usually	progressive,	especially	if	exposure
to	 noxious	 insults	 has	 not	 ceased.	 Hallmark	 clinical	 symptoms	 consist	 of	 the
following:

Chronic	cough:	Cough	is	usually	the	initial	symptom,	occurring	in	the	fifth
decade	of	life.
Dyspnea	 that	 is	 gradually	 progressive	 over	 time.	 Dyspnea	 on	 exertion
(DOE)	generally	presents	in	the	sixth	to	seventh	decades	of	life.
Sputum	production3
When	COPD	becomes	severe,	weight	 loss	may	occur,	 though	malignancy
needs	to	be	excluded.
Obstructive	 lung	 disease	 in	 the	 absence	 of	 a	 significant	 smoking	 history
should	bring	other	pathologies	into	consideration.
An	acute	exacerbation	of	COPD	may	be	indicated	by	increased	dyspnea,
increased	 cough,	 and	 increased	 sputum	 production	 and/or	 sputum
purulence.2	The	severest	exacerbations	are	characterized	by	the	presence	of
all	three	and	mild	exacerbations	by	only	one.

Physical	Examination

Acute	exacerbation
Vitals	signs	are	essential.	Admit	to	an	intensive	care	unit	(ICU)	those
with	unstable	vital	signs	and	those	who	require	assisted	ventilation.
Altered	mental	status	may	be	a	result	of	hypercarbia	or	hypoxemia.
Fever	may	be	suggestive	of	an	infection.
Inspection	 of	 the	 respiratory	 status	 (pursed-lip	 breathing,	 prolonged
expiration,	accessory	muscle	use,	nasal	flaring,	paradoxical	abdominal
movements,	cyanosis)	is	helpful	in	identifying	those	in	distress.
Pulmonary	 auscultation	 may	 reveal	 prolonged	 expiration,	 expiratory
wheezes,	 rales,	 or	 bronchial	 breath	 sounds.	 In	 severe	 exacerbations,
breath	sounds	may	be	barely	audible.

Chronic	findings	of	COPD	should	be	evaluated.



Signs	 of	 cor	 pulmonale	 may	 be	 present	 (right	 ventricular	 heave,
jugular	venous	distention,	and	lower	extremity	edema).
Cachexia	may	be	present,	but	malignancy	and	other	causes	of	weight
loss	should	be	ruled	out.1
Clubbing	 is	 generally	 not	 a	 feature	 of	 COPD;	 its	 presence	 should
prompt	an	evaluation	for	etiologies	such	as	lung	cancer.

Differential	Diagnosis
Other	diagnoses	should	be	considered	in	evaluating	those	suspected	of	suffering
from	 COPD,	 as	 signs	 and	 symptoms	 may	 overlap	 significantly	 with	 other
diseases,	such	as:

Asthma
Congestive	heart	failure	(CHF)
Bronchiectasis
Obliterative	bronchiolitis
Diffuse	panbronchiolitis
Tuberculosis

Diagnostic	Testing
The	 diagnosis	 of	 COPD	 should	 be	 supported	 by	 spirometry	 in	 those	with	 the
signs	and	symptoms	suggestive	of	the	disease.	Spirometry	is	the	“gold	standard”
for	measuring	airflow	limitation.1

Laboratories

Arterial	blood	gases	(ABGs)	must	be	checked	in	order	 to	assess	 the	PaO2
and	PaCO2.	Pulse	oximetry	provides	no	information	about	PaCO2.	Reliance
solely	 on	 pulse	 oximetry	 during	 an	 acute	 exacerbation	 can	 result	 in	 life-
threatening	hypercarbia.1
A	 complete	 blood	 count	 (CBC)	 may	 reveal	 polycythemia	 if	 chronic
hypoxemia	is	present.1
Blood	chemistries	may	indicate	an	increased	concentration	of	bicarbonate	if
chronic	hypercapnea	is	present.
An	 ECG	may	 show	 signs	 of	 cor	 pulmonale,	 myocardial	 ischemia,	 or	 an



arrhythmia.3

Imaging

CXR	may	show	signs	of	hyperinflation/air	trapping:	flattened	diaphragms;
bullae;	 increased	 retrosternal	 clear	 space;	 long,	 narrow	heart	 shadow;	 and
hyperlucency.	These	 findings	have	 a	 limited	 sensitivity	 for	 a	 diagnosis	 of
COPD.1
Pulmonary	 edema,	 pneumonia,	 and	 pneumothorax	 can	 cause	 increased
dyspnea	and	should	be	evaluated	and	treated	appropriately	if	present.1

Diagnostic	Procedures

Spirometry	 is	 the	primary	method	 for	diagnosing	COPD,	but	 its	use	 is	of
limited	value	during	acute	exacerbations	in	patients	with	known	COPD.2
A	postbronchodilator	FEV1/forced	vital	capacity	 (FVC)	of	<0.70	confirms
the	 presence	 of	 airflow	 limitation.	 The	 FEV1	 defines	 the	 severity	 of
expiratory	 airflow	 obstruction	 and	 is	 an	 important	 predictor	 of	 prognosis
and	mortality	(Table	10-1).3
Total	 lung	 capacity	 (TLC),	 residual	 volume	 (RV),	 and	 functional	 residual
capacity	(FRC)	are	typically	elevated	and	are	indicative	of	hyperinflation.1

TREATMENT
The	global	initiative	for	chronic	obstructive	lung	disease	(GOLD)	was	formed	in
1998	to	bring	more	attention	to	the	prevention	and	management	of	COPD.	The
first	consensus	report	in	2001	created	a	staging	system	of	severity	that	has	been
used	to	assist	in	management	of	COPD.

Treatment	of	Stable	COPD
After	 diagnosis	 of	COPD,	 treatment	 should	 aim	 to	 relieve	 symptoms	 and
prevent	exacerbations.	The	GOLD	report	suggests	a	treatment	approach	that
is	based	on	the	GOLD	stage	classification	of	severity	of	COPD	(Table	10-1)



along	 with	 exacerbations,	 hospitalizations,	 and	 other	 symptom	 scores,
including	 the	 Modified	 British	 Medical	 Research	 Council	 (mMRC)
Questionnaire,	 which	 primarily	 rates	 breathlessness	 and	 the	 COPD
assessment	test	(CAT)	and	looks	at	health	status	impairment	with	COPD.1
The	following	treatment	approach	takes	into	account	these	factors1:

Low-risk	patients	with	low	symptom	scores	(GOLD	stage	I	or	II	with
few	 if	 any	 exacerbations	 or	 other	 limitations):	 PRN	 short-acting
anticholinergic	or	short-acting	β2-adrenergic	agonists	(SABA)
Low-risk	patients	with	more	symptoms	(GOLD	stage	I	or	II	with	more
exacerbations	 but	 not	 hospitalizations,	 some	 symptoms/limitations):
long-acting	 anticholinergic	 and/or	 long-acting	 β2-adrenergic	 agonists
(LABA)
High-risk	 patients	with	 low	 symptom	 scores	 (GOLD	 stage	 III	 or	 IV,
exacerbations	 with	 hospitalizations,	 symptoms/limitations):	 inhaled
corticosteroid	(ICS)	+	long-acting	anticholinergic	or	LABA
High-risk	 patients	 with	 more	 symptoms	 (GOLD	 stage	 III	 or	 IV,
exacerbations	with	hospitalizations,	significant	symptoms/limitations):
ICS	+	long-acting	anticholinergic	and/or	LABA

Supplemental	oxygen	 therapy	 has	 been	 shown	 to	 decrease	mortality	 and
improve	 physical	 and	 mental	 functioning	 in	 hypoxemic	 patients	 with
COPD.	 Long-term	 oxygen	 therapy	 should	 be	 prescribed	 for	 those	 who
qualify	and	are	willing	to	comply	with	its	use.	Oxygen	therapy	is	indicated
for	the	following:

Oxygen	 needs	 should	 be	 reassessed	 at	 least	 yearly	 and	 adjustments
made	as	warranted.
Any	patient	with	a	PaO2	≤	55	mm	Hg	or	SaO2	≤	88%.4

Patients	 with	 evidence	 of	 pulmonary	 hypertension,	 polycythemia
(hematocrit	>	55%),	or	heart	failure	and	PaO2	≤	59	mm	Hg	or	SaO2	≤
89%.

Smoking	cessation	 should	 be	 encouraged,	with	 referral	 to	 a	 counselor	 if
available.	 Discuss	 and	 prescribe	 smoking	 cessation	 aids	 (nicotine
replacement	therapy,	bupropion,	or	varenicline)	if	needed.1
Phosphodiesterase	 4	 inhibitor	 (roflumilast)	 can	 be	 offered	 to	 patients
with	 severe	 COPD	 who	 are	 at	 risk	 for	 severe	 exacerbations	 despite
treatment	with	ICS,	LABA,	and	tiotropium.5
Azithromycin	 can	 be	 considered	 in	 patients	 at	 increased	 risk	 of
exacerbation	(on	continuous	supplemental	oxygen	or	with	one	exacerbation
in	the	past	year).	However,	baseline	cardiovascular	risk	must	be	considered



before	starting	treatment.6
Pulmonary	rehabilitation	 improves	quality	of	 life	and	exercise	 tolerance
and	should	be	offered.4
Influenza	and	pneumococcal	vaccines	should	be	kept	current.4
Adherence	 with	 therapies	 along	 with	 correct	 usage	 (particularly	 inhaled
therapies)	should	be	reviewed.1

Treatment	of	Acute	Exacerbations	of	COPD
If	 patients	 are	 presenting	 with	 increased	 cough,	 sputum	 production,	 and
worsening	 dyspnea	 and	 there	 is	 concern	 for	 acute	 exacerbation,	 the	 following
therapies	are	available:

Supplemental	oxygen	is	frequently	needed	and	should	be	provided	in	order
to	achieve	a	PaO2	 >	 60	mm	Hg	or	 SaO2	 >	 90%.	Hypercarbia	may	 result
from	overzealous	oxygen	administration;	an	ABG	should	be	obtained	if	this
is	suspected,	with	subsequent	adjustments	in	FiO2	as	indicated.2

Bronchodilators	 administered	 via	 nebulizer	 or	metered-dose	 inhalers	 are
the	mainstay	of	therapy.	Inhaled	β2-adrenergic	agonists	and	anticholinergics
are	 the	 bronchodilators	 of	 choice.	 Both	 are	 similarly	 effective	 for	 acute
exacerbations.	Combined	therapy	may	also	be	used.2
Systemic	 steroids	 are	 indicated	 to	 shorten	 recovery	 time,	 improve	 lung
function,	and	reduce	the	risk	of	relapse.1

The	 REDUCE	 trial	 demonstrated	 that	 a	 5-day	 course	 of	 40	 mg	 of
prednisone	was	 noninferior	with	 respect	 to	 re-exacerbations	 to	 a	 14-
day	course	of	prednisone.7	Thus,	the	GOLD	committee	recommends	a
5-day	course	of	40	mg	of	prednisone.1
Inhaled	corticosteroids	do	not	have	a	role	in	treating	exacerbations.

Antibiotics	 are	 indicated	 in	 those	 patients	 who	 suffer	 from	 pneumonia,
severe	 exacerbations	 (requiring	 assisted	 ventilation),	 or	 moderate
exacerbations	 with	 increased	 sputum	 purulence	 as	 one	 of	 the	 presenting
symptoms.

The	course	of	mild	exacerbations	is	unlikely	to	be	altered	by	antibiotic
therapy.8
Antibiotics	should	be	chosen	based	on	local	resistance	patterns.1
Pneumonia	should	be	treated	following	the	appropriate	guidelines.1
The	most	common	bacterial	pathogens	are	Streptococcus	pneumoniae,



Haemophilus	 influenzae,	 and	 Moraxella	 catarrhalis.9	 Patients	 with
more	 severe	 exacerbation	 have	 a	 higher	 incidence	 of	 infection	 with
gram-negative	bacilli	including	Pseudomonas	aeruginosa.1
For	 moderate	 to	 severe	 exacerbations,	 recommended	 antibiotics
include	 a	 macrolide,	 amoxicillin/clavulanate,	 a	 second-	 or	 third-
generation	cephalosporin,	or	quinolones	with	enhanced	activity	against
penicillin-resistant	S.	pneumoniae.1
Patients	 requiring	 mechanical	 ventilation	 should	 receive	 antibiotic
therapy	that	also	covers	P.	aeruginosa.1
Duration	of	antibiotics	therapy	is	typically	5–10	days	depending	on	the
specific	clinical	scenario	and	the	agent	used.1

Noninvasive	 ventilation	 (NIV)	 has	 been	 shown	 to	 decrease	 length	 of
hospital	stay,	endotracheal	intubation	rates,	and	mortality.10

Indications	for	NIV	include	respirations	>	25	breaths	per	minute,	pH	<
7.35,	and/or	PaCO2	>	45	mm	Hg	and	moderate	to	severe	dyspnea	with
signs	of	distress.1
Contraindications	 to	NIV	 include	 craniofacial	 trauma,	 cardiovascular
instability,	 respiratory	 arrest,	 uncooperative	 patient,	 high	 aspiration
risk,	and	extreme	obesity.2

Mechanical	 ventilation	 is	 indicated	 when	 there	 is	 a	 contraindication	 to
NIV	or	 failure	 to	 respond	 to	NIV.	Risks	of	mechanical	ventilation	 include
ventilator-associated	pneumonia,	barotrauma,	and	failure	to	wean.1
Smoking	cessation	should	be	encouraged.2
Methylxanthines	 (e.g.,	 aminophylline	 and	 theophylline)	 are	not	 indicated
in	acute	exacerbations	owing	to	the	significant	risk	for	side	effects.2

OUTCOME/PROGNOSIS
The	BODE	index	may	be	useful	in	assessing	the	risk	of	death.	The	BODE
index	consists	of	the	following11:

Body-mass	index	(BMI)
airway	Obstruction	(FEV1)
Dyspnea	 (as	 measured	 by	 the	 Medical	 Research	 Council	 dyspnea
score)
Exercise	capacity	(6-minute-walk	distance)



1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

BODE	index	scores	can	 range	 from	0	 to	10.	For	each	quartile	 increase	 in
the	 BODE	 score,	 there	 was	 a	 statistically	 significant	 increase	 in	 the
associated	mortality	rate.	At	the	highest	quartile	(BODE	score	7–10),	there
was	a	mortality	rate	of	80%	at	52	months.	For	the	lowest	quartile	(BODE
score	0–2),	 the	 rate	was	~	20%	at	52	months.	While	 the	 study	does	have
limitations,	the	BODE	index	appears	to	be	a	better	predictor	than	the	FEV1
alone	of	the	risk	of	death	due	to	any	cause	and	also	respiratory	causes.11
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GENERAL	PRINCIPLES
Worldwide,	~300	million	people	suffer	from	asthma;	the	highest	prevalence	is	in
developed	countries.	About	11%	of	 the	US	population	has	asthma.	Prevalence,
hospitalization	 rates,	 morbidity,	 and	 mortality	 attributable	 to	 asthma	 have	 all
increased	 significantly	 over	 the	 last	 few	 decades.	 Factors	 conjectured	 to	 be
causative	 for	 the	 increased	 prevalence	 include	 exposure	 to	 tobacco	 smoke	 and
air	pollution,	dietary	influences,	obesity,	and	lack	of	exposure	to	infections	and
microbial	 products	 early	 in	 life.	 Hospital	 admission	 rates	 are	 higher	 in
nonwhites.	 In	 the	 United	 States,	 there	 are	 approximately	 5000	 deaths	 due	 to
asthma	 per	 year.	Many	 of	 these	 deaths	 are	 likely	 preventable.	Death	 rates	 are
higher	 among	 African	 Americans,	 Hispanics,	 those	 with	 lower	 levels	 of
education,	 inhabitants	 of	 large	 cities,	 and	 the	 poor.	 The	 economic	 burden	 of
asthma	is	enormous.1

Definition
The	National	Asthma	Education	and	Prevention	Program	(NAEPP)	Expert
Panel	Report	3	 (EPR3)	defines	asthma	as	“a	common	chronic	disorder	of
the	 airways	 that	 is	 complex	 and	 characterized	 by	 variable	 and	 recurring
symptoms,	 airflow	 obstruction,	 bronchial	 hyperresponsiveness,	 and	 an
underlying	inflammation.”2
The	more	 descriptive	 definition	 from	 the	 prior	NAEPP	EPR2	 (1997)	 still
remains	entirely	valid.	 “Asthma	 is	a	chronic	 inflammatory	disorder	of	 the
airways	in	which	many	cells	and	cellular	elements	play	a	role.	In	particular,
mast	 cells,	 eosinophils,	 T	 lymphocytes,	 macrophages,	 neutrophils,	 and
epithelial	 cells.	 In	 susceptible	 individuals,	 this	 inflammation	 causes
recurrent	 episodes	 of	 wheezing,	 breathlessness,	 chest	 tightness,	 and



coughing,	particularly	at	night	or	in	the	early	morning.	These	episodes	are
usually	associated	with	widespread	but	variable	airflow	obstruction	 that	 is
often	 reversible	either	 spontaneously	or	with	 treatment.	The	 inflammation
also	 causes	 an	 associated	 increase	 in	 the	 existing	 bronchial
hyperresponsiveness	 to	 a	 variety	 of	 stimuli.	 Reversibility	 of	 airflow
limitation	may	be	incomplete	in	some	patients	with	asthma.”3

Classification
The	 classification	 of	 the	 severity	 of	 asthma	 in	 adults	 who	 are	 not	 currently
taking	long-term	control	medications	is	presented	in	Table	11-1.	Specific	 forms
of	asthma	include	four	types:

TABLE	11-1	Classification	of	Asthma	Severity	in	Adults



Adapted	 from	 National	 Asthma	 Education	 and	 Prevention	 Program	 Expert	 Panel.	 Report	 3	 (EPR3):
Guidelines	for	the	Diagnosis	and	Management	of	Asthma.	Full	Report	2007.	National	Institutes	of	Health.
Publication	No.	08-4051.	Bethesda:	National	Heart,	Lung,	and	Blood	Institute,	2007.

Cough-variant	 asthma,	 where	 coughing	 is	 the	 predominant	 or	 sole
symptom;	 the	 diagnosis	 is	 confirmed	 by	 resolution	 of	 the	 cough	 with
antiasthmatic	treatment.4,5
Exercise-induced	 bronchoconstriction	 (EIB)	 or	 asthma	 describes
patients	 with	 bronchoconstriction	 primarily	 or	 solely	 in	 association	 with
exercise	(generally	after	exercise).	Such	patients	should	derive	benefit	from



pretreatment	with	 a	 β2-agonist.	About	 10%	of	 the	 general	 population	 has
EIB.	However,	 it	 is	 important	 to	note	 that	EIB	occurs	 in	up	 to	90%	of	all
asthmatics	and	is,	therefore,	a	strong	trigger	for	symptoms.6
Occupational	 asthma	 consists	 of	 bronchoconstriction,	 bronchial
hyperresponsiveness,	 and	 airway	 inflammation	 caused	 by	 exposure	 to
workplace	asthmagens.	Triggers	may	be	immunogenic	or	nonimmunogenic.
In	the	latter	situation,	the	condition	may	be	referred	to	as	reactive	airways
dysfunction	 syndrome	 (RADS)	 or	 irritant-induced	 asthma.	 There	 are
hundreds	of	known	stimulants	and	occupations	at	 risk.	Preexisting	asthma
worsened	 by	 the	 patient’s	 occupation	 without	 clear	 substantiation	 for	 a
diagnosis	 of	 independent	 occupational	 asthma	 is	 sometimes	 called	work-
aggravated	asthma.7
Nocturnal	asthma	is	the	nighttime	worsening	of	asthma	symptoms	and	is
relatively	 common	 among	 asthmatics.	 Its	 occurrence	 is	 associated	 with
inadequate	control	and	increased	morbidity.	It	is	unclear	if	nocturnal	asthma
is	 a	 clinically	 distinct	 diagnosis	 or	 merely	 a	 marker	 for	 uncontrolled	 or
more	severe	asthma.8

Pathophysiology
Airflow	 limitation	 is	 caused	 by	 multiple	 factors	 in	 the	 airways,	 including	 the
following:

Bronchoconstriction	(bronchial	smooth	muscle	contraction)
Airway	edema
Excessive	secretion	of	mucus	and	plugging
Airway	 hyperresponsiveness	 (excessive	 bronchoconstrictor	 response	 to
stimuli)
Airway	 remodeling	 (subepithelial	 fibrosis,	 thickening	 of	 the	 subbasement
membrane,	 smooth	 muscle	 hypertrophy/hyperplasia,	 blood	 vessel
proliferation/dilation,	and	mucous	gland	hyperplasia)
Airway	inflammation	appears	to	be	a	crucial	underlying	aspect	of	asthma
pathophysiology.

Multiple	 inflammatory	 cells	 participate:	 eosinophils,	 mast	 cells,
lymphocytes	 (particularly	 Th2	 cells),	 neutrophils,	 dendritic	 cells
(important	 antigen-presenting	 cells),	 macrophages,	 smooth	 muscle
cells,	and	epithelial	cells.
A	 wide	 array	 of	 inflammatory	 mediators	 contribute	 to	 the



inflammatory	response:	chemokines	(e.g.,	eotaxin),	cytokines	(e.g.,	the
interleukins	 IL-1β,	 IL-4,	 IL-5,	 and	 IL-13;	 tumor	 necrosis	 factor	 α
[TNF-α];	 and	 granulocyte–macrophage	 colony-stimulating	 factor
[GM-CSF]),	leukotrienes,	and	nitric	oxide.
Immunoglobulin	E	(IgE)	is	also	important	in	the	pathophysiology	of
asthma.	High-affinity	IgE	receptors	are	found	on	mast	cells,	basophils,
dendritic	cells,	and	 lymphocytes.	When	mast	cells	are	activated,	 they
release	 many	 mediators	 that	 cause	 bronchoconstriction	 and	 promote
inflammation.

The	factors	that	render	certain	individuals	susceptible	and	those	that	initiate
and	perpetuate	 the	 inflammatory	process	 are	not	precisely	known.	 It	 does
appear,	however,	that	the	interactions	of	environmental	exposures	at	crucial
times	during	immune	development	and	host	characteristics	are	particularly
important.	 There	 are	 clearly	 aspects	 of	 asthma	 that	 are	 inheritable,	 and
multiple	 genes	 have	 been	 associated	 with	 asthma.	 Obviously,	 though,
asthma	 is	 not	 a	 single	 gene-related	 disease.	Airborne	 allergens	 (e.g.,	 dust
mites	 and	 cockroaches)	 and	 viral	 infections	 are	 also	 thought	 to	 play	 key
roles	 in	 the	 pathogenesis	 of	 asthma,	 especially	 when	 exposure	 occurs	 at
vulnerable	times	in	immunologic	development.	Precise	mechanisms	are	not
known,	and	some	data	are	conflicting.2,9

Risk	Factors
Risks	for	the	development	of	asthma	include	the	following	factors:

In	childhood,	male	sex;	in	adulthood,	female	sex
Family	history	(i.e.,	genetic	susceptibility)
Airway	hyperreactivity
Atopy	and	allergies
Obesity
Environmental	 exposures	 (i.e.,	 allergens,	 pollution,	 cigarette	 smoking	 and
exposure	to	secondhand	smoke,	infections,	occupational	exposures)2

DIAGNOSIS



Clinical	Presentation
History

The	 quintessential	 symptoms	 of	 asthma	 are	 wheezing,	 chest	 tightness,
breathlessness,	and	coughing.
In	 determining	 the	 severity	 of	 asthma,	 pertinent	 history	 includes	 the
frequency	 of	 symptoms	 and	 use	 of	 a	 rescue	metered-dose	 inhaler	 (MDI),
presence	 of	 nocturnal	 symptoms,	 peak	 expiratory	 flow	 rates	 (PEFs),	 and
degree	to	which	everyday	activities	are	limited	(see	Table	11-1).
The	 patient	 should	 also	 be	 questioned	 regarding	 how	 well	 rescue	 MDIs
work	and	how	well	controlled	his	or	her	asthma	has	been,	 if	 at	 all.	Other
factors	 include	 a	 history	 of	 frequent	 emergency	 department	 (ED)	 visits,
prior	 admissions	 to	 an	 intensive	 care	 unit	 (ICU)	 and/or	 prior	mechanical
ventilation,	 recent	 oral	 corticosteroid	 therapy,	 and	 history	 of	 psychosocial
problems,	including	medical	noncompliance.
It	 is	 important	 to	 identify	 aggravating	 factors	 or	 “triggers”	 for	 asthma.	A
careful	allergy	history	should	be	obtained,	including	the	presence	of	atopy,
pets,	 active	 or	 passive	 smoke	 inhalation,	 and	 home/work/school
environments.	Be	aware	of	 the	common	allergens	 in	your	geographic	area
during	each	season.2,10

Physical	Examination
The	 physical	 examination	 should	 focus	 on	 the	 patient’s	 vital	 signs,	 general
appearance,	 and	 pulmonary	 system.	 Between	 exacerbations,	 the	 exam	may	 be
completely	normal.

Check	vital	signs,	which	may	reveal	tachypnea	and	tachycardia	(often	from
high	 doses	 of	 β2-agonist).	 A	 decreasing	 respiratory	 rate	 may	 indicate
respiratory	muscle	fatigue	rather	than	improvement	in	airway	obstruction.
Watch	 for	 decreasing	 mental	 status,	 which	 may	 represent	 hypercarbia	 or
hypoxia.
Examine	the	head,	ears,	eyes,	nose,	and	throat	to	assess	for	signs	of	chronic
allergic	disease,	including	conjunctivitis,	nasal	polyps,	rhinorrhea,	and	sinus
tenderness.
Observe	for	signs	of	respiratory	fatigue	or	failure.	These	include	inability	to
speak	 (words,	phrases,	 sentences),	 inability	 to	 lie	down,	accessory	muscle



use,	paradoxical	abdominal	movements,	and	pulsus	paradoxus.
Auscultate	for	inspiratory/expiratory	wheezing,	prolonged	expiratory	phase,
and	 diminished	 general	 air	 movement.	 In	 patients	 with	 audible
inspiratory/expiratory	 wheezes	 over	 the	 upper	 airways	 or	 neck,	 rule	 out
other	 causes	 of	 airway	 obstruction,	 including	 vocal	 cord	 dysfunction,
foreign	bodies,	and	upper	airway	tumors.
Beware	of	 the	patient	with	no	wheezing	and	poor	air	movement,	 as	 these
findings	may	signify	severe	asthma	and	respiratory	failure.
Assess	 for	 signs	 of	 chronic	 corticosteroid	 use	 such	 as	 thin	 skin,	 easy
bruising,	cushingoid	facies,	central	obesity,	and	proximal	muscle	weakness.

Differential	Diagnosis
The	 differential	 diagnosis	 of	 asthma	 could	 potentially	 include	 all	 differential
items	 for	 dyspnea,	 cough,	 wheezing,	 and	 chest	 tightness.	 A	 more	 limited
differential	diagnosis	is	presented	in	Table	11-2.

TABLE	11-2	Differential	Diagnosis	of	Asthma	in	Adults





aThe	distinction	between	large	and	small	and	upper	and	lower	airways	is	not	always	precise.

Diagnostic	Testing
Diagnostic	Procedures

In	 stable	 patients,	 the	 diagnosis	 and	 severity	 of	 asthma	 are	 confirmed	 by
pulmonary	 function	 tests	 (PFTs).	 In	 general,	 there	 is	 evidence	 of
obstructive	 lung	 disease	 with	 a	 reduced	 forced	 expiratory	 volume	 in	 1
second	(FEV1)	and	FEV1/forced	vital	 capacity	 (FVC)	 ratio.	 In	 addition,	 a
postbronchodilator	 improvement	 in	 FEV1	 by	 at	 least	 12%	 and	 200	 mL
should	be	seen,	indicative	of	reversible	airway	disease.	Lung	volumes	will
often	 show	 increased	 residual	 volume	 and	 a	 normal	 diffusion	 capacity	 of
CO.	 The	 latter	 differentiates	 asthma	 from	 chronic	 obstructive	 pulmonary
disease	(COPD).	Some	asthmatics	will	have	normal	PFTs	between	attacks.
During	 acute	 exacerbations,	 PEF	 should	 be	 routinely	 checked	 before	 and
15–20	minutes	after	administration	of	bronchodilators	to	assess	the	efficacy
of	therapy.2,11
Bronchial	challenge	testing	can	be	used	to	identify	patients	with	abnormal
airway	hyperresponsiveness.	Pharmacologic	testing	using	methacholine	has
varying	 sensitivity	 and	 specificity	 based	 on	 the	 state	 of	 symptoms	 at	 the
time	of	testing.	In	general,	a	positive	test	is	indicated	by	a	reduction	in	the
FEV1	of	20%	or	by	a	reduced	specific	airway	conductance	of	35–45%	from
baseline.	 This	 test	 simply	 indicates	 airway	 hyperresponsiveness,	 but	 does
not	 give	 information	 about	 the	 etiology	 (i.e.,	COPD,	 cystic	 fibrosis,	 etc.).
Many	 asthmatics	 have	 exercise-induced	 airway	 changes,	 even	 in	 the
absence	 of	 exercise-induced	 symptoms.	 PFTs	 obtained	 before	 and	 after
treadmill	testing	may	therefore	reveal	the	variability	in	FEV1.2,12

Allergy	 testing:	 Skin	 allergy	 testing	 can	 be	 considered	 for	 patients	 with
persistent	asthma	and	those	who	are	exposed	to	indoor	allergens.

Laboratories

For	 acute	 asthma	 exacerbations,	 measurement	 of	 arterial	 blood	 gases
(ABGs)	is	not	routinely	indicated	in	every	acute	exacerbation.

However,	ABGs	should	be	strongly	considered	in	patients	who	fail	to



respond	 to	 initial	 therapy	 with	 persistently	 diminished	 PEF	 and/or
FEV1	 ≤	 25%	of	 predicted	 and	 those	 in	 severe	 respiratory	 distress	 or
suspected	of	hypoventilation.
During	 the	 course	 of	 an	 exacerbation,	 tachypnea	 usually	 results	 in	 a
below-normal	 PaCO2.	 The	 presence	 of	 normal	 or	 increased	 PaCO2
may	indicate	impending	respiratory	failure.13

For	chronic	asthma,	in	vitro	allergy	testing	can	be	considered	for	patients
with	persistent	asthma	and	those	who	are	exposed	to	indoor	allergens.

Imaging
Chest	 radiography	 is	 not	 routinely	 needed	 but	 should	 be	 obtained	 if	 there	 is	 a
suspicion	 of	 conditions	 such	 as	 congestive	 heart	 failure,	 pneumonia,
pneumothorax,	or	pneumomediastinum.2

TREATMENT
The	 NAEPP	 EPR3	 provides	 detailed	 treatment	 guidelines	 for	 asthma
exacerbations	and	the	chronic	management	of	asthma.

Treatment	of	Acute	Exacerbations	of	Asthma
All	 patients	 should	 be	 taught	 to	 recognize	 the	 early	 warning	 signs	 of
worsening	asthma	and	have	an	asthma	action	plan	for	home	management
of	asthma	exacerbations.	Patients	should	monitor	their	symptoms	and	PEFs.
Exacerbations	 should	 be	 treated	 as	 early	 as	 possible.	 All	 patients	 should
attempt	 to	 remove	 environmental	 factors	 that	 may	 be	 precipitating	 or
contributing	to	the	exacerbation.
Patients	 with	 severe	 symptoms,	 those	 with	 PEF	 <	 50%	 of	 predicted	 or
personal	best,	and	those	at	high	risk	for	death	should	simultaneously	initiate
treatment	 with	 a	 short-acting	 β2-agonist	 (SABA)	 and	 seek	 immediate
medical	attention.	Risk	factors	for	death	from	asthma	include	the	following:

Prior	severe	exacerbations
Two	or	more	asthma	admissions	in	the	previous	year
Three	or	more	ED	visits	for	asthma	in	the	previous	year



Admission	or	ED	visit	for	asthma	in	the	previous	month
Use	of	more	than	two	MDIs	of	SABA	a	month
Low	socioeconomic	status
Inner-city	dwelling
Illicit	drug	use
Major	 psychosocial	 issues,	 or	 major	 comorbidities	 (cardiovascular,
pulmonary,	and	psychiatric)2

Mild	and	some	moderate	exacerbations	may	be	manageable	at	home	per
the	patient’s	asthma	action	plan.	A	moderate	exacerbation	is	indicated	by
FEV1	 and/or	 PEF	 40–69%	 with	 moderate	 symptoms.	 Initial	 treatment
should	be	SABA	(e.g.,	albuterol	MDI	4–8	puffs	or	2.5–5	mg	by	nebulizer),
up	to	two	treatments	20	minutes	apart.

If	the	symptomatic	response	is	good	and	the	PEF	is	≥80%,	the	patient
may	 continue	 SABA	q3–4	 hours	 for	 24–48	 hours.	A	 short	 course	 of
oral	 systemic	 corticosteroids	 can	 be	 considered.	 The	 patient	 should
contact	the	physician	for	further	instructions.
If	 the	 response	 is	 incomplete	 (PEF	 still	 50–79%,	 the	 patient	 still
dyspneic	and/or	wheezing),	SABA	(e.g.,	albuterol	MDI	4–8	puffs	q20
minutes	up	to	4	hours	or	2.5–5	mg	by	nebulizer	q20	minutes	for	a	total
of	three	doses,	then	q1–4	hours)	should	be	continued	and	oral	systemic
corticosteroids	 started	 (e.g.,	 prednisone	 40–60	 mg	 daily	 for	 5–10
days).	The	physician	should	be	urgently	contacted	for	instructions.
If	 the	 response	 is	 poor	 (PEF	 <	 50%,	 marked	 dyspnea	 and/or
wheezing),	 SABA	 should	 be	 repeated,	 oral	 systemic	 corticosteroids
started,	and	immediate	medical	attention	sought.2

More	 significant	 moderate	 and	 all	 severe	 exacerbations	 should	 be
managed	 in	 the	ED.	A	 severe	 exacerbation	 is	 indicated	 by	 FEV1	 and/or
PEF	 <	 40%,	 severe	 symptoms	 at	 rest,	 accessory	 muscle	 use,	 high-risk
patients	 (see	 above),	 and	 no	 improvement	 after	 initial	 treatment.	 Such
patients	should	receive	O2,	 nebulized	SABA,	 ipratropium	every	hour,	 and
oral	 corticosteroids	 (if	 not	 already	 done).	 Adjunctive	 therapies	 such	 as
magnesium	sulfate	(2	g	IV)	and	heliox	may	be	considered.	 If	 there	 is	any
evidence	 of	 impending	 or	 actual	 respiratory	 failure,	 the	 patient	 should	 be
immediately	intubated,	mechanically	ventilated,	and	admitted	to	the	ICU.	It
is	 better	 to	 err	 on	 the	 side	 of	 caution	 in	 this	 context,	 as	 patients	 can
deteriorate	 very	 rapidly.	A	 rapid	 initial	 assessment	 should	 include	 a	 brief
history	and	physical	and	an	objective	measurement	of	 lung	 function	 (e.g.,
PEF	and/or	FEV1)	 if	 possible.	 Pulse	 oximetry	 is	 indicated	 for	 patients	 in



severe	distress	or	those	with	a	PEF	and/or	FEV1	<	40%.	Serial	oximetry	is
superior	to	a	one-time	SaO2	measurements.2

SABA	is	recommended	for	all	patients	and	supplemental	O2	 for	most
patients	 (to	 maintain	 SaO2	 ≥	 90%,	 95%	 in	 patients	 with	 coexisting
cardiac	 disease	 or	 pregnancy).	 Repetitive	 doses	 of	 SABA	 may	 be
given	 by	 MDI	 or	 nebulizer	 q20	 minutes.2	 MDIs	 are	 preferred	 to
nebulizers	 due	 to	 the	 relatively	 inefficient	 delivery	 system	 of	 the
nebulizer	 device.	 MDIs	 with	 spacers	 require	 much	 lower	 doses	 of
SABA	to	achieve	a	comparable	improvement	in	lung	function.14,15
Inhaled	 ipratropium	 bromide	 may	 also	 be	 added	 (MDI	 8	 puffs	 q20
minutes	 up	 to	 3	 hours	 or	 0.5	mg	by	nebulizer	 q20	minutes	 for	 three
doses,	then	as	needed).	The	evidence	regarding	ipratropium	in	asthma
exacerbations	 is	 mixed.	 Use	 of	 anticholinergic	 therapy	 is	 typically
reserved	 for	 the	most	 severe	 exacerbations,	 and	 therapy	 is	 generally
stopped	 upon	 hospital	 admission	 with	 a	 few	 exceptions	 (e.g.,
refractory	 asthma	 requiring	 ICU	 admission,	 patients	 on	 monoamine
oxidase	 inhibitor	 therapy,	 and	 asthma	 that	 has	 been	 triggered	 by	 β-
blocker	therapy).2
Systemic	corticosteroids	 should	be	given	 (e.g.,	prednisone	40–80	mg
daily	 or	 equivalent	 doses	 of	 IV	 methylprednisolone);	 however,	 the
optimal	dose	is	unknown.	The	effects	of	comparable	doses	of	oral	and
intravenous	 glucocorticoids	 are	 nearly	 identical.	 Intravenous	 steroids
should	 be	 given	 to	 patients	 with	 impending	 respiratory	 arrest	 or
intolerance	 for	 oral	 agents;	 otherwise,	 oral	 steroids	 are	 just	 as
effective.	 Severe	 exacerbations	 requiring	 hospitalization	 generally
require	5–14	days	of	therapy.	Tapering	is	not	necessary	if	the	duration
of	treatment	is	less	than	a	week	and	probably	not	necessary	for	courses
<10	 days.	 ICS	may	 be	 started	 at	 any	 time	 and	 are	 indicated	 for	 all
hospitalized	patients	after	discharge.2
Intravenous	magnesium	 sulfate	 can	 be	 used	 in	 severe	 exacerbations;
however,	 routine	use	of	 this	agent	 in	mild	 to	moderate	exacerbations
does	 not	 confer	 a	 significant	 benefit.2,16–18	 Its	 benefit	 in	 severe
exacerbations	is	thought	to	be	related	to	its	inhibition	of	calcium	influx
leading	 to	 bronchodilation.19	 It	 is	 contraindicated	 in	 renal
insufficiency.
Other	 interventions	 such	 as	 methylxanthines,	 antibiotics,	 aggressive
hydration,	chest	physiotherapy,	mucolytics,	and	sedation	are	generally



not	 recommended.	 Heliox	 may	 be	 considered	 in	 extremely	 severe
exacerbations	progressing	toward	intubation.2,20
If	 mechanical	 ventilation	 is	 necessary,	 permissive	 hypercapnia	 is
recommended.2

A	reassessment	should	be	performed	after	 initial	 treatment	(after	one	dose
of	SABA	with	a	severe	exacerbation	and	after	 three	doses	 in	all	patients),
including	an	assessment	of	symptoms,	a	repeat	physical	exam,	PEF	and/or
FEV1,	and	SaO2.	The	patient’s	response	to	initial	treatment,	rather	than	his
or	 her	 condition	 immediately	 on	 presentation,	 is	 more	 predictive	 of	 the
subsequent	need	for	hospitalization.

A	good	response	is	indicated	by	FEV1	and/or	PEF	≥	70%,	no	distress,
a	 normal	 exam,	 and	 the	 response	 sustained	 for	 60	 minutes.	 Such
patients	 may	 be	 discharged	 to	 home.	 A	 short	 course	 of	 oral
corticosteroids	should	be	continued	 (e.g.,	prednisone	40–80	mg	daily
for	5–10	days).	Consideration	should	be	given	to	initiating	an	inhaled
corticosteroid	(ICS).
An	 incomplete	 response	 is	 indicated	 by	 FEV1	 and/or	 PEF	 40–69%
and	 continued	 mild	 to	 moderate	 symptoms.	 Determination	 of	 the
disposition	of	these	patients	should	be	individualized.	Those	sent	home
can	 be	 treated	 as	 above;	 the	 others	 are	 admitted	 to	 the	 non-ICU
hospital	ward.	There	they	should	be	treated	with	O2,	continued	SABA,
and	 systemic	 corticosteroids	 (oral	 or	 IV).	 Vital	 signs,	 SaO2,	 and
FEV1/FVC	should	be	monitored.
A	poor	response	is	indicated	by	FEV1	and/or	PEF	<	40%,	PCO2	≥	42
mm	Hg,	continued	severe	symptoms,	and	drowsiness/confusion.	These
patients	 should	 be	 admitted	 to	 the	 ICU	 and	 intubation/mechanical
ventilation	considered.	They	continue	 to	 receive	SABA	and	systemic
corticosteroids	(oral	or	IV).2

Treatment	of	Chronic	Asthma
NAEPP	 EPR3	 and	 the	 Global	 Initiative	 for	 Asthma	 (GINA)	 recommend	 a
stepwise	approach	to	the	management	of	chronic	asthma,	depending	on	asthma
severity	(Table	11-1).	There	are	substantive	differences	between	them,	but	on	the
whole,	 the	approaches	are	 similar.	 Importantly,	both	emphasize	 the	 importance
of	 ICS	as	 the	mainstay	of	 treatment	 for	patients	with	persistent	 symptoms	and
the	 advice	 that	 all	 patients	 should	 have	 SABA	 available	 for	 quick	 relief.	 The



recommendations	presented	here	are	somewhat	more	reflective	of	the	EPR3.	The
recommended	therapies	by	step	are	shown	below.

Step	1:	SABA	PRN.	Appropriate	only	for	intermittent	asthma.
Step	 2:	 Low-dose	 ICS	 (Table	 11-3).	 Less	 preferred	 alternatives	 include
mast	 cell	 stabilizers	 (e.g.,	 cromolyn	or	nedocromil),	 leukotriene	modifiers
(LMs)	(e.g.,	montelukast	or	zileuton),	and	theophylline.
Step	3:	Low-dose	 ICS	+	 long-acting	 β2-agonist	 (LABA)	 or	medium-dose
ICS.	 Less	 preferred	 alternatives	 include	 low-dose	 ICS	 +	 either	 LM	 or
theophylline.
Step	 4:	 Medium-dose	 ICS	 +	 LABA.	 Less	 preferred	 alternatives	 include
medium-dose	ICS	+	either	LM	or	theophylline.
Step	5:	High-dose	 ICS	+	LABA.	The	anti-IgE	agent	omalizumab	may	be
considered	for	those	with	allergies.
Step	 6:	 High-dose	 ICS	 +	 LABA	 +	 oral	 corticosteroid	 (lowest	 possible
dose).	 The	 anti-IgE	 agent	 omalizumab	may	 be	 considered	 for	 those	 with
allergies.2,10
Therapy	 should	 “step	 up”	 to	 achieve	 control.	 Once	 control	 has	 been
achieved	for	at	least	3	months,	an	attempt	can	be	made	to	“step	down.”
It	is	always	valuable	to	remember	the	importance	of	adherence	to	therapy,
inhaler	technique,	and	control/elimination	of	environmental	triggers.
Consultation	 with	 an	 asthma	 specialist	 should	 be	 considered	 for	 patients
requiring	step	4	or	higher	treatment	to	achieve/maintain	adequate	control.
The	use	of	LABAs	(e.g.,	salmeterol	and	formoterol)	should	be	considered
carefully	owing	to	an	increased	risk	of	adverse	outcomes.21
The	 addition	 of	 desensitization	 immunotherapy	 should	 be	 considered	 for
those	with	allergic	asthma	as	an	adjunct	to	step	2–4	therapy.	Desensitization
and	 omalizumab	 should	 be	 administered	 only	 by	 clinicians	 with	 specific
knowledge	who	are	equipped	to	treat	anaphylaxis.22–24
All	 patients	 should	 have	 an	 asthma	 action	 plan	 (see	 above)	 to	 deal	 with
exacerbations	and	have	SABA	readily	available	for	this	purpose.

TABLE	11-3	Inhaled	Corticosteroid	Dosing



1.

MDI,	metered-dose	inhaler;	HFA,	hydrofluoroalkane;	DPI,	dry	powder	inhaler.
Adapted	 from	 National	 Asthma	 Education	 and	 Prevention	 Program	 Expert	 Panel.	 Report	 3	 (EPR3):
Guidelines	for	the	Diagnosis	and	Management	of	Asthma.	Full	Report	2007.	National	Institutes	of	Health.
Publication	No.	08-4051.	Bethesda:	National	Heart,	Lung,	and	Blood	Institute,	2007.
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GENERAL	PRINCIPLES
The	 solitary	 pulmonary	 nodule	 (SPN)	 is	 defined	 as	 a	 ≤3-cm	 isolated,
spherical,	well-circumscribed	 radiographic	 opacity	 completely	 surrounded
by	aerated	lung	without	associated	atelectasis,	hilar	enlargement,	or	pleural
effusion.1,2
A	lesion	>3	cm	is	referred	to	as	pulmonary	mass	and	should	be	considered
malignant	until	proven	otherwise.1,3
Some	 authorities	 also	 distinguish	 subcentimeter	 nodules	 (<8	mm),	 which
are	much	less	likely	to	be	malignant	and	are	more	difficult	to	characterize
on	 imaging,	 as	 well	 as	 more	 difficult	 to	 approach	 with	 nonsurgical
biopsy.1,4
The	 large	majority	of	SPNs	are	discovered	 incidentally	on	plain	CXRs	or
CT	scan	of	the	chest	obtained	for	other	reasons.5
The	 prevalence	 of	 SPNs	 is	 dependent	 on	 the	 characteristics	 of	 the
population	studied	 (e.g.,	age,	 smoking	status,	etc.)	and	 the	 technique	used
(i.e.,	CXR	or	CT).	 It	has	been	 reported	 to	 range	 from	0.2%	up	 to	20%,2,3
and	even	up	to	40–60%	in	lung	cancer	screening	trials.1
Importantly,	 long-term	 survival	 is	 dramatically	 better	 after	 resection	 of	 a
malignant	 SPN	 compared	 with	 that	 for	 advanced	 lung	 cancer	 (80%	 at	 5
years	vs.	<5%	at	5	years,	respectively).3
The	 goal	 of	 the	 physician	 is	 to	 diagnose	 surgically	 curable	 malignant
nodules	before	the	disease	is	no	longer	surgically	curable	while	at	the	same
time	avoiding	surgery	in	patients	with	benign	disease.5

The	causes	of	SPN	are	broad	and	are	listed	in	Table	12-1.
The	rate	of	malignancy	in	patients	with	SPNs	varies	greatly	depending	on
study	population	and	methods	of	detection.	Certain	imaging	characteristics
increase	the	risk	of	malignancy;	these	are	discussed	below.



TABLE	 12-1	 Partial	 Differential	 Diagnosis	 of	 Solitary	 Pulmonary
Nodule

DIAGNOSIS

Clinical	Presentation



The	vast	majority	of	patients	with	an	SPN	will	be	asymptomatic	with	regard	to
the	nodule	 itself	due	 to	 the	 fact	 that	most	SPNs	are	discovered	 incidentally	on
chest	imaging	obtained	for	another	reason.5

History

Age,	 smoking	 status,	 history	 of	 extrathoracic	 cancer	 ≥5	 years	 before
detection	 of	 the	 nodule,	 and	 hemoptysis	 are	 perhaps	 the	 most	 important
historical	features	that	increase	the	likelihood	of	malignancy.5,6
Patients	 should	 also	 be	 asked	 about	 constitutional	 symptoms	 that	may	 be
due	 to	malignancy	or	 infection,	 such	 as	 fever,	 chills,	 sweats,	weight	 loss,
anorexia,	weakness,	fatigue,	and	malaise.

Physical	Examination
The	 physical	 examination	 is	 usually	 normal	 with	 regard	 to	 the	 SPN.
Nonetheless,	a	careful	pulmonary	examination	is	indicated.

Diagnostic	Testing
Imaging
CXR	and	Chest	CT	findings	suggestive	of	malignancy	are	as	follows:

The	 likelihood	of	malignancy	 increases	rapidly	with	 size.	SPNs	<1	cm
are	not	usually	malignant,	but	those	>3	cm	often	are.2,6
Irregular,	 lobulated,	 or	 spiculated	 margins	 increase	 the	 likelihood	 of
malignancy.	 Smooth	margins	 are	more	 likely	 to	 be	 benign,	 and	 scalloped
margins	have	an	intermediate	likelihood.2,6,7
Stippled	and/or	eccentric	calcifications	are	associated	with	malignancy.6,7
Laminated,	 central,	 and	 diffuse	 calcifications	 suggest	 a	 granuloma	 (e.g.,
histoplasmosis	 or	 tuberculosis),	 while	 the	 popcorn	 pattern	 suggests
hamartoma.2

Patients	 with	 obviously	 benign	 calcifications	 do	 not	 need	 to	 be
evaluated	 further	 as	 benign	 patterns	 of	 calcification	 in	 malignant
nodules	are	exceedingly	rare.2,6
The	 exception	 to	 this	 is	 that	 benign	 calcification	 patterns	 can
sometimes	be	seen	in	pulmonary	nodules	in	patients	with	a	history	of



bone	malignancies	(e.g.,	osteosarcoma	or	chondrosarcoma).2
The	volume	doubling	 time	for	malignant	SPNs	 is	usually	between	20	and
300	days,	often	<100	days.1	One	doubling	time	equates	to	an	approximately
30%	increase	in	diameter.
Based	 on	 these	 assumptions,	 most	 authorities	 agree	 that	 SPNs	 that	 are
stable	 in	 size	 for	 2	 years	 are	 very	 unlikely	 to	 be	malignant.1,2	 However,
slowly	growing	bronchoalveolar	cancers	are	known	to	exist,	and	they	may
subsequently	become	more	aggressive.	This	seems	to	be	particularly	true	of
lesions	 with	 a	 ground-glass	 appearance;	 lengthier	 follow-up	 may	 be
indicated	in	these	cases	(see	below).1,4
Because	of	 the	 importance	of	growth	rate,	 it	 is	critical	 to	compare	current
with	previous	CXRs	or	CTs.
Upper	 lobe	 lesions,	 particularly	 on	 the	 right,	 are	 more	 likely	 to	 be
malignant,	 whereas	 benign	 nodules	 have	 no	 predilection	 for	 a	 particular
location	in	the	lungs.2
High-resolution	 chest	 CT	 is	 clearly	 more	 sensitive	 and	 specific	 for	 the
detection	 and	 characterization	 of	 SPNs.	 The	 American	 College	 of	 Chest
Physicians	 (ACCP)	 recommends	 that	 all	 patients	 with	 an	 indeterminate
SPN	on	CXR	have	high-resolution	CT	of	 the	chest	performed.4	Any	prior
chest	CTs	should	be	reviewed.
In	addition	to	the	radiographic	features	discussed	above,	CT	characteristics
suggestive	of	malignancy	include	the	following2,4,6,8:

A	 nodule	 that	 appears	 as	 either	 (1)	 pure	 ground	 glass	 or	 (2)	 mixed
ground	 glass	 and	 solid	 is	 more	 often	 malignant	 than	 purely	 solid
nodule.
Vascular	convergence
Dilated	bronchus	leading	into	the	nodule
Pseudocavitation
Thick	(>15	mm),	irregular-walled	cavitation
Dynamic	 contrast	 enhancement	 >15	Hounsfield	 units	 (HU)	 on	 chest
CT
Fat	attenuation	(−40	to	−120	HU)	is	strongly	suggestive	of	hamartoma
or	 lipoma.	 Some	metastatic	malignancies	 (e.g.,	 liposarcoma	 or	 renal
cell	carcinoma)	may	occasionally	contain	fat.

Fluorodeoxyglucose	 positron	 emission	 tomography	 (18F-FDG	 PET)	 may
also	be	used	to	further	characterize	SPNs.

Reviews	have	estimated	the	sensitivity	to	be	87–96.8%	and	specificity
77.8–83%.3,4,9



Sensitivity	is	less	for	subcentimeter	SPNs	(<8–10	mm),	and	therefore
it	 is	 not	 recommended	 to	 obtain	 PET	 imaging	 for	 evaluation	 of
subcentimeter	nodules.4
It	 is	 important	 to	 recognize	 that	 false	negatives	 can	occur;	 if	 clinical
suspicion	still	exists,	a	biopsy	should	be	strongly	considered.
The	 ACCP	 recommends	 18F-FDG	 PET	 for	 patients	 with	 low	 to
moderate	 pretest	 probability	 and	 an	 SPN	 >8–10	 mm	 in	 size	 with
indeterminate	CT	characteristics.	Indeterminate	nodules	are	defined	as
lacking	 benign	 calcification,	 lacking	 fat	 pathognomonic	 of
hamartomas,	 and	 lacking	 a	 feeding	 artery	 or	 vein	 typical	 of	 an
arteriovenous	malformation.4
In	some	centers,	PET	and	CT	can	be	combined	in	a	single	scan.	This
may	provide	additional	diagnostic	information	as	PET	imaging	is	more
accurate	for	detecting	regional	lymph	node	metastases,	which	may	be
present	in	up	to	21%	of	T1	stage	lung	cancers.10

The	ACCP	 recommends	 that	 clinicians	 estimate	 the	 pretest	 probability	 of
malignancy	before	ordering	further	imaging	studies	or	biopsy.	This	may	be
done	qualitatively	using	all	of	 the	factors	discussed	above,	as	appropriate.
Furthermore,	 the	 pretest	 probability	 of	 malignancy	 may	 be	 predicted
quantitatively	 using	 one	 of	 several	 prediction	 models	 that	 have	 been
developed.	The	Bayesian	prediction	model	has	been	shown	in	some	studies
to	be	more	accurate	than	expert	opinion	in	determining	whether	a	nodule	is
benign	 or	 malignant.	 This	 model	 uses	 the	 radiographic	 characteristics	 of
nodule	size,	edge,	growth	rate,	location,	and	presence	or	absence	of	benign
calcifications.11	 An	 alternative	 prediction	 model	 was	 developed	 by
Swensen	et	al.	 In	 this	model,	 the	 independent	predictors	are	age,	smoking
(current	or	past),	history	of	cancer	diagnosed	≥5	years	ago,	nodule	diameter,
spiculation,	and	 location	 in	upper	 lobe.12	Further	 studies	using	 this	model
have	 found	 that	 the	 addition	 of	 nodule	 volume	has	 enhanced	 the	model’s
predictive	ability.13

TREATMENT
Once	 the	 clinical	 and	 imaging	 characteristics	 are	 known,	 the	 choice	 of
subsequent	 management	 can	 be	 a	 close	 call	 between	 risk	 and	 benefit.
Alternatives	 include	 observation	 with	 serial	 radiographs,	 additional	 diagnostic



workup	(further	imaging,	nonsurgical	biopsy,	or	a	combination	of	the	two),	and
surgery.	Each	of	these	has	advantages	and	disadvantages	that	depend	greatly	on
the	 likelihood	 of	 malignancy.	 Most	 importantly,	 growth	 on	 subsequent
imaging	 is	 presumptive	 of	 malignancy	 and	 requires	 further	 diagnostic
evaluation	rather	than	continued	observation.

Follow-up	 of	 subcentimeter	 pulmonary	 nodules:	 In	 general,
subcentimeter	 nodules	 have	 a	 low	 likelihood	 of	 malignancy	 and	 are
therefore	followed	with	serial	imaging	at	time	intervals	determined	by	their
initial	size	at	discovery.	The	recommendations	for	continued	evaluation	of
subcentimeter	 nodules	 are	 further	 determined	 according	 to	 their	 CT
appearance	 (pure	 ground	 glass,	 pure	 solid,	 or	 mixed).	 The	 follow-up
schedule	 recommended	by	 the	ACCP	 is	 outlined	 in	Table	12-2.4	Of	 note,
the	Fleischner	Society,	a	thoracic	imaging	society,	has	guidelines	that	differ
slightly	from	the	ACCP.14
Follow-up	 Evaluation	 of	 SPNs	 >8	 mm:	 After	 estimating	 the	 pretest
probability	that	an	SPN	is	malignant,	the	decision	must	be	made	whether	to
further	evaluate	the	nodule	with	additional	imaging,	nonsurgical	biopsy,	or
surgical	 resection.	 Again,	 the	 Fleischner	 Society	 guidelines	 will	 differ
slightly.14

Observational	follow-up	consists	of	serial	high-resolution	CT	scans
at	3,	6,	12,	and	24	months.	If	the	lesion	is	stable	after	2	years,	the	risk
of	 malignancy	 is	 very	 low.	 However,	 any	 evidence	 of	 growth	 is
presumptive	 evidence	 of	 malignancy.	 Observation	 is	 appropriate	 for
nodules	in	the	following	scenarios2:

Nodules	with	a	very	low	likelihood	of	malignancy	(<5%)
Nodules	 with	 low	 likelihood	 (<30–40%)	 of	 malignancy	 and	 a
negative	18F-FDG	PET	scan	or	dynamic	contrast	enhancement	of
<15	HU	on	chest	CT
Nondiagnostic	needle	biopsy	and	a	negative	18F-FDG	PET	scan
Patients	who	decline	aggressive	evaluation

Biopsy	is	recommended	for	SPNs	>8–10	mm	in	patients	who	would	be
appropriate	candidates	for	surgical	cure	when2:

There	is	low	to	moderate	probability	of	malignancy	(6–28%).
The	 clinical	 likelihood	 of	 malignancy	 and	 results	 of	 imaging
studies	 are	 not	 in	 agreement	 (e.g.,	 high	 clinical	 suspicion	 but	 a
negative	18F-FDG	PET	scan).
A	 specific	 treatment	 is	 available	 for	 a	 benign	 diagnosis	 (e.g.,



fungal	infection)
The	 patient	 wants	 biopsy	 confirmation	 prior	 to	 committing	 to
surgery.

Usually	the	preferred	biopsy	technique	is	CT-guided	transthoracic
needle	 aspiration	 (TTNA),	 especially	 for	 more	 peripheral	 lesions.
The	 most	 common	 complication	 of	 TTNA	 is	 development	 of	 a
pneumothorax.	 However,	 the	 reported	 rate	 of	 pneumothorax
development	is	variable,	ranging	from	15	to	40%.2,3	Fortunately,	chest
tubes	 are	 only	 required	 in	 4–18%	 of	 pneumothoraces	 caused	 by
TTNA.1–3	One	limitation	of	TTNA	is	that	the	patient	must	be	able	to
lie	 still	 for	 >30	 minutes,	 perform	 a	 breath	 hold,	 and	 withhold	 from
coughing	during	the	duration	of	the	procedure.2
Bronchoscopic	biopsy	may	be	a	viable	alternative	in	specific	situations
(e.g.,	 central	 lesions,	 lesions	 adjacent	 to	 a	 bronchus,	 an	 air
bronchogram	 in	 the	 lesion)	 and	 when	 there	 is	 available	 expertise.3
Electromagnetic	 navigation	 bronchoscopic	 biopsy	 is	 an	 emerging
technique	for	peripheral	lesions.

TABLE	 12-2	 Recommendations	 for	 Follow-up	 CT	 Imaging	 of
Subcentimeter	Pulmonary	Nodules



aMajor	risk	factors:	smoking	(current	or	past),	history	of	radiation	therapy,	environmental	toxin	exposure
Adapted	from	Gould	MK,	Donington	J,	Lynch	WR,	et	al.	Evaluation	of	patients	with	pulmonary	nodules:
when	 is	 it	 lung	 cancer?	Diagnosis	 and	Management	 of	Lung	Cancer,	 3rd	 edition:	ACCP	evidence-based
clinical	practice	guidelines.	Chest	2013;143(Suppl):e93S–e120S.

Surgical	Management
Surgical	management	is	recommended	for	indeterminate	SPNs	of	>8–10	mm	in
appropriate	 surgical	 candidates	 when	 the	 clinical	 likelihood	 of	 malignancy	 is
moderate	 to	 high,	 the	 18F-FDG	 PET	 is	 positive,	 a	 nonsurgical	 biopsy	 is
suspicious	 for	 malignancy,	 or	 the	 patient	 prefers	 to	 undergo	 a	 definitive
procedure.1,4,15

Thoracotomy	 is	 the	 most	 definitive	 approach,	 particularly	 for	 more
centrally	 located	 SPNs	 that	 are	 not	 accessible	 by	 other	 techniques.
Operative	 mortality	 for	 the	 removal	 of	 malignant	 nodules	 is	 ~3–7%,
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although	it	is	<1%	for	resection	of	benign	nodules.3
Video-assisted	 thorascopic	 surgery	 (VATS)	 is	 a	 minimally	 invasive
technique	with	a	lower	mortality	rate,	about	1%.	It	is	usually	the	preferred
method	for	SPNs	in	the	peripheral	third	of	the	lung.	In	about	12%	of	cases,
the	procedure	must	be	converted	to	a	traditional	thoracotomy.
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Approach	to	Nausea	and	Vomiting
13

Cheryl	R.	McDonough

GENERAL	PRINCIPLES
Nausea	and	vomiting	are	common	complaints	resulting	in	billions	of	dollars
of	health	care	expenditure	yearly,	as	well	as	even	higher	costs	in	lost	work
productivity.1
Nausea	is	the	unpleasant	subjective	feeling	of	impending	vomiting.
Vomiting	is	a	series	of	organized	motor	and	autonomic	responses	resulting
in	the	forceful	expulsion	of	gastric	contents	from	the	stomach	and	out	of	the
mouth.
Vomiting	is	distinct	from	regurgitation,	which	is	the	passive	retrograde	flow
of	 esophageal	 contents	 into	 the	mouth	 and	 from	 rumination,	which	 is	 the
effortless	regurgitation	of	recently	ingested	food	into	the	mouth	followed	by
rechewing	and	then	reswallowing	or	spitting	out.

Vomiting	 can	 be	 stimulated	 by	 neuronal	 or	 humoral	 mechanisms,	 but
regardless	 of	 the	 stimulus,	 the	 act	 of	 vomiting	 is	 coordinated	 by	 the
vomiting	center	(or	emetic	center)	in	the	medulla.
The	vomiting	center	can	be	electrically	stimulated	by	the	vagus	nerve;	these
afferent	 impulses	 from	 the	 gastrointestinal	 (GI)	 tract	 are	 relayed	 to	 the
vomiting	center	via	the	nucleus	tractus	solitarius.
The	 vomiting	 center	 also	 receives	 afferent	 impulses	 from	 multiple	 other
areas,	such	as	the	pharynx,	vestibular	system,	heart,	peritoneum,	thalamus,
hypothalamus,	and	cerebral	cortex.
The	chemoreceptor	trigger	zone	(CTZ)	in	the	area	postrema	in	the	floor	of
the	fourth	ventricle	also	activates	the	vomiting	center.	The	CTZ	is	partially
outside	 the	 blood–brain	 barrier	 and	 is	 stimulated	 by	 other	 emetic	 stimuli,
such	as	drugs,	uremia,	hypoxia,	 diabetic	ketoacidosis,	 enterotoxin	derived
from	gram-positive	bacteria,	radiation	sickness,	and	motion	sickness.
The	 principle	 neurotransmitter	 receptors	 that	 mediate	 vomiting	 include



muscarinic	M1,	dopamine	D2,	histamine	H1,	5-hydroxytryptamine3	(5-HT3)
serotonin,	and	neurokinin-1	(NK-1)	substance	P.2

DIAGNOSIS

Clinical	Presentation
The	American	Gastroenterological	Association	advocates	a	3-step	approach
to	the	evaluation	and	management	of	the	patient	with	nausea	and	vomiting:

Correction	of	complications	such	as	volume	depletion	and	electrolyte
abnormalities
Identification	and	elimination	of	the	underlying	etiology	when	possible
Suppression	or	elimination	of	the	symptoms	themselves	if	the	primary
cause	cannot	be	identified	easily	and	promptly	eliminated1

Key	 points	 in	 the	 patient’s	 history	 include	 onset,	 duration,	 and	 timing	 of
symptoms;	 precipitating	 and	 relieving	 factors;	 medications;	 travel;	 sick
contacts;	associated	symptoms	such	as	change	in	bowel	habit;	presence	or
absence	of	flatus;	abdominal	pain	or	bloating;	fever;	and	dizziness.	During
the	 physical	 exam,	 particular	 attention	 should	 be	 paid	 to	 volume	 status,
abdominal	 exam,	 and	 extra-abdominal	 findings	 that	 would	 narrow	 the
differential.
Finally,	 if	 an	 organic	 etiology	 or	 motility	 problem	 is	 not	 revealed,
functional	nausea	and	vomiting	should	be	considered,	although	a	definitive
diagnosis	can	be	difficult	to	make.

History

Acute	onset	of	symptoms	(1–2	days)	suggests	infection,	toxin,	medication-
related	 side	 effect,	 or	 more	 serious	 possibilities	 such	 as	 obstruction,
pancreatitis,	appendicitis,	or	cholecystitis.
Medication	side	effects	can	also	be	more	insidious	in	onset.	Gastroparesis,
metabolic	disorders,	pregnancy,	or	gastroesophageal	reflux	disease	can	also
lead	to	insidious	onset	of	nausea	without	vomiting.
Early-morning	vomiting	can	be	associated	with	pregnancy,	uremia,	alcohol,
and	increased	intracranial	pressure.	Intracranial	disorders	causing	increased



intracranial	 pressure	 can	 cause	 projectile	 vomiting	 or	 vomiting	 without
associated	nausea	and	may,	of	course,	be	associated	with	other	neurologic
symptoms	such	as	headache,	vertigo,	or	focal	neurologic	deficits.
Gastroparesis	 and	 gastric	 outlet	 obstruction	 frequently	 cause	 delayed
vomiting,	often	more	than	an	hour	after	eating.	The	vomitus	may	be	partly
digested.	Early	 satiety	 and	postprandial	 abdominal	 bloating	 and	pain	may
be	seen	with	gastroparesis.
Bilious	 vomitus	 indicates	 a	 more	 distal	 obstruction	 in	 the	 small	 bowel
rather	than	the	gastric	outlet.
Feculent	 vomiting,	 which	 can	 be	 seen	 in	 intestinal	 obstruction,	 reflects
bacterial	degradation	of	intestinal	contents.	Abdominal	pain	may	be	severe,
colicky,	 and	 temporarily	 improved	 after	 vomiting	 with	 small	 bowel
obstruction.	A	recent	change	in	bowel	habit	and	lack	of	flatus	may	also	be
noted.
Vomiting	 associated	 with	 anorexia	 nervosa	 or	 bulimia	 typically	 occurs
during	or	soon	after	meals.
Regurgitation	of	undigested	food	(not	technically	vomiting)	can	indicate	an
esophageal	disorder	such	as	Zenker	diverticulum,	achalasia,	or	esophageal
stricture.
Weight	loss	may	result	from	a	malignancy	but	could	also	be	a	result	of	food
avoidance	 from	 another	 problem,	 such	 as	 gastric	 outlet	 obstruction
secondary	to	peptic	ulcer	disease.
Recurrent	bouts	of	severe	vomiting	may	indicate	cyclic	vomiting	syndrome,
particularly	 in	 the	 pediatric	 population,	 and	 if	 associated	 with	 chronic
marijuana	 use	 and	 compulsive	 bathing	 likely	 represent	 the	 cannabis
hyperemesis	syndrome.1,3

Physical	Examination

Physical	 exam	 may	 show	 supine	 or	 orthostatic	 hypotension,	 tachycardia,
dry	 mucous	 membranes,	 or	 decreased	 skin	 turgor	 as	 a	 result	 of
hypovolemia.
Signs	 of	 an	 associated	 endocrine	 disorder,	 such	 as	 thyrotoxicosis	 or
Addison	disease,	should	be	sought.
Collagen	vascular	diseases	such	as	scleroderma	may	be	evident.
Skin	exam	may	also	reveal	jaundice	indicative	of	a	hepatobiliary	disorder,
calluses	on	the	dorsum	of	the	hands	consistent	with	self-induced	vomiting,
or	hyperpigmentation	associated	with	primary	adrenal	failure.



Loss	of	dental	enamel	can	indicate	recurrent	vomiting	secondary	to	bulimia
or	the	consequences	of	gastroesophageal	reflux	disease.
Lymphadenopathy	 may	 be	 related	 to	 malignancy	 or	 reactive	 to	 another
underlying	process.
Neurologic	examination	may	show	nystagmus,	papilledema	on	funduscopic
exam,	cranial	nerve	or	other	focal	deficits,	or	gait	abnormality.
Psychiatric	 pathology	 also	 may	 become	 evident	 during	 the	 history	 and
physical	examination.
Abdominal	exam	may	reveal	organomegaly,	other	masses,	or	the	presence
of	a	hernia.

Epigastric	 tenderness	 may	 be	 caused	 by	 peptic	 ulcer	 disease	 or
pancreatitis.
Tenderness	in	the	right	upper	quadrant	suggests	cholecystitis	or	biliary
tract	pathology.
Localization	to	the	right	lower	quadrant	may	represent	appendicitis	or
Crohn	disease.
More	 diffuse	 tenderness	 may	 suggest	 small	 bowel	 obstruction.
Rebound	 tenderness	 or	 involuntary	 guarding	 can	 be	 seen	 with
peritoneal	irritation.
Auscultation	may	reveal	decreased	or	absent	bowel	sounds	in	ileus	or
hyperactive,	high-pitched	bowel	sounds	in	obstruction.
In	 gastric	 outlet	 obstruction	 or	 severe	 gastroparesis,	 a	 succession
splash	 may	 be	 heard	 over	 the	 epigastrium	 when	 the	 epigastrium	 is
being	shaken	or	rapidly	palpated.1

Differential	Diagnosis
The	differential	diagnosis	is	broad.	A	partial	list	is	shown	in	Table	13-1.1,2

TABLE	13-1	Differential	Diagnosis	of	Nausea	and	Vomiting	(Partial
List)



Adapted	from	Quigley	EMM,	Hasler	WL,	Parkman	HP.	AGA	 technical	 review	on	 nausea	 and	 vomiting.
Gastroenterology	2001;120:263–86;	Malagelada	JR,	Malagelada	C.	Nausea	and	Vomiting.	In:	Feldman	M,
Friedman	 LS,	 Brandt	 LJ,	 eds.	 Sleisenger	 and	 Fordtran’s	 Gastrointestinal	 and	 Liver	 Disease.	 10th	 ed.
Philadelphia:	Saunders/Elsevier,	2016:207–20.

Diagnostic	Testing
Laboratories
The	 history	 and	 physical	 exam	 may	 be	 all	 that	 is	 needed	 to	 determine	 the
etiology	 and	will	 dictate	what	 laboratory	 and	 imaging	 studies	 are	 appropriate.
Generally,	routine	blood	studies	should	include

Complete	blood	count	(CBC)
Leukocytosis	 may	 be	 secondary	 to	 infection	 or	 reactive	 to	 another
underlying	process.



Peripheral	 eosinophilia	may	 be	 seen	with	 eosinophilic	 gastroenteritis
or	parasitic	infection.

Comprehensive	metabolic	panel	(CMP)
Hyponatremia	 may	 be	 secondary	 to	 volume	 depletion	 or	 adrenal
insufficiency.
Hypokalemia	 and	 metabolic	 alkalosis	 result	 from	 the	 GI	 loss	 of
hydrochloric	acid	and	potassium.

Hypokalemia	 is	 exacerbated	 by	 the	 exchange	 of	 potassium	 for
sodium	as	the	renal	tubule	attempts	to	conserve	sodium.
Metabolic	 alkalosis	 is	 worsened	 by	 the	 contraction	 of
extracellular	 fluid	 and	 the	 shifting	 of	 hydrogen	 into	 cells	 in
exchange	for	potassium.

Renal	function	may	be	impaired,	depending	on	volume	status.
Hyperglycemia,	 anion	 gap	 metabolic	 acidosis,	 and	 serum	 or	 urinary
ketones	will	be	seen	in	diabetic	ketoacidosis.
Abnormal	liver	function	tests	may	indicate	a	hepatobiliary	cause.

Thyroid	function	tests	and	possibly	screening	for	adrenal	disorders	may	be
appropriate.
Pancreatic	enzymes	should	be	obtained	if	pancreatitis	is	suspected.
It	may	be	necessary	to	obtain	an	arterial	blood	gas	(ABG)	to	evaluate	acid–
base	status.
A	urine	pregnancy	test	should	be	obtained	in	women	of	reproductive	age.
Serum	 drug	 levels	 (e.g.,	 of	 digoxin,	 theophylline,	 salicylates,	 or	 alcohol)
may	be	helpful.

Imaging

If	 obstruction	 is	 suspected,	 an	 abdominal	 obstructive	 series	 (upright	 and
supine)	 should	 be	 obtained,	 although	 plain	 films	 may	 be	 unrevealing	 in
22%	of	those	with	partial	small	bowel	obstruction.4
If	further	clarification	is	required,	computed	tomography	(CT)	can	localize
the	 intestinal	 obstruction	 and	 identify	 abdominal	 masses	 as	 well	 as
pancreatic	and	hepatobiliary	pathology.
Barium	 contrast	 studies	 may	 also	 be	 able	 to	 suggest	 achalasia,
gastroparesis,	or	neoplasm.
Small	 bowel	 follow-through,	 small	 bowel	 enteroclysis,	 and	more	 recently
CT	 enterography	 can	 potentially	 identify	 mucosal	 lesions	 in	 the	 small
bowel.



Ultrasound	can	identify	gallbladder,	hepatobiliary,	or	pancreatic	pathology.
Radioscintigraphy	is	the	most	accurate	method	to	assess	for	delayed	gastric
emptying	as	seen	in	gastroparesis.
Neurologic	imaging	should	be	performed	in	those	with	suspicious	history	or
physical	 exam	 findings	 or	 perhaps	 in	 those	 with	 severe,	 unexplained,
persistent	 symptoms.	Magnetic	 resonance	 imaging	 is	 more	 valuable	 than
CT	for	visualization	of	the	posterior	fossa.

Diagnostic	Procedures

Upper	 endoscopy	 is	 sensitive	 and	 specific	 for	 mucosal	 lesions,	 such	 as
peptic	ulcer	disease	or	malignancy,	and	is	one	of	the	tests	of	choice	(along
with	 an	 upper	 GI	 barium	 study)	 to	 evaluate	 for	 partial	 gastric	 outlet	 or
duodenal	obstruction.
Esophageal	manometry	 to	assess	esophageal	motor	activity	may	be	useful
in	 evaluation	 of	 suspected	 achalasia,	 distal	 esophageal	 spasm,	 or	 other
motor	disturbances	of	the	smooth	muscle	portion	of	the	esophagus.

Treatment
Fluid	and	electrolyte	abnormalities	should	be	corrected.
If	 possible,	 the	 underlying	 cause	 should	 be	 eliminated;	 in	 the	 meantime,
vomiting	should	be	treated	symptomatically.
For	 severe	 symptoms	 or	 significant	 gastric	 distention,	 nasogastric	 tube
placement	should	be	considered.
Literature	 regarding	 pharmacological	 treatment	 is	 limited	 in	 that	 most
clinical	 trials	 have	 addressed	 nausea	 and	 vomiting	 associated	 with
chemotherapy,	 radiation,	 and	 surgery,	 and	 it	 may	 not	 be	 appropriate	 to
extrapolate	 those	 results	 to	 other	 clinical	 situations.	 Pharmacological
treatments	are	discussed	below.

Dopamine	receptor	antagonists
Phenothiazines	 primarily	 antagonize	 D2	 dopamine	 receptors	 in	 the
area	 postrema	 of	 the	midbrain	 and	 also	 have	M1	muscarinic	 and	H1
histamine-blocking	effects.

Prochlorperazine,	promethazine,	and	chlorpromazine	are	good
choices	 for	 initial	 treatment	 as	 they	 are	 effective	 for	 symptoms



caused	by	a	wide	array	of	disorders	and	are	generally	available	in
both	parenteral	and	rectal	suppository	formulations.
Limiting	 side	 effects	 include	 extrapyramidal	 reactions	 such	 as
dystonia	 or	 tardive	 dyskinesia,	 sedation,	 or	 orthostatic
hypotension.4

The	 butyrophenones	 droperidol	 and	 haloperidol	 also	 block	 D2
dopamine	 receptors	 and	muscarinic	M1	 receptors	 but	 are	 limited	 by
the	same	safety	concerns.
The	 benzamide	 metoclopramide	 causes	 central	 dopamine	 D2
antagonism	at	low	doses	and	weak	5-HT3	blockade	at	higher	doses.	It
also	stimulates	peripheral	5-HT4	 receptors	on	gastric	 smooth	muscle,
enhancing	 acetylcholine	 release	 at	 the	 neuromuscular	 junction	 and
therefore	creating	a	prokinetic	effect.

Metoclopramide	 has	 a	modest	 antiemetic	 effect,	 speeds	 gastric
emptying,	and	increases	lower	esophageal	sphincter	tone.
The	most	common	indications	for	metoclopramide	include	nausea
and	vomiting	in	pregnancy,	postoperative	state,	and	that	 induced
by	radiation	or	chemotherapy.	Because	of	its	prokinetic	effect,	the
drug	 is	 also	 used	 for	 gastroparesis.	Metoclopramide	 crosses	 the
blood–brain	 barrier	 and,	 therefore,	 may	 cause	 neurologic	 side
effects	such	as	dystonia	and	tardive	dyskinesia.
Metoclopramide	may	also	prolong	the	QT	interval.2

Serotonin	antagonists:	Because	 the	highest	density	of	5-HT3	 receptors	 is
in	the	area	postrema,	it	is	thought	that	the	CTZ	is	the	primary	site	of	action
of	 these	 drugs.	 They	 also	 block	 gastric	 wall	 receptors	 that	 relay	 afferent
emetic	 signals	 via	 the	 vagus	 nerve,	 and	 they	 have	 a	 modest	 gastric
prokinetic	action.

Ondansetron,	granisetron,	dolasetron,	ramosetron,	and	tropisetron
are	the	available	first-generation	options,	and	all	are	especially	useful
in	 treatment	of	chemotherapy-	or	radiation-induced	and	postoperative
emesis.

Ondansetron	appears	to	be	safe	in	pregnancy.
Headache	 is	 the	most	 frequent	 side	effect,	 and	 there	 is	 a	 risk	of
QT	prolongation	with	high	doses	of	ondansetron	and	other	first-
generation	agents.2

Palonosetron	is	a	second-generation	serotonin	receptor	antagonist	that
has	a	much	higher	affinity	for	5-HT3	 receptors	and	a	longer	half-life.
No	 prolongation	 of	 the	 QT	 interval	 has	 been	 seen	 with	 its	 use.5



Palonosetron	is	the	preferred	serotonin	receptor	antagonist	for	use	with
moderately	emetogenic	chemotherapy.6

Antihistamines	and	anticholinergic	agents
Histamine	 H1-receptor	 antagonists	 such	 as	 meclizine,
dimenhydrinate,	 hydroxyzine,	 and	 diphenhydramine	 have	 central
antiemetic	effects	and	can	be	helpful	for	motion	sickness,	vertigo,	and
migraine	 in	which	symptoms	are	of	 labyrinthine	origin.	Sedation	 is	a
common	side	effect.
Scopolamine,	an	M1	muscarinic	receptor	antagonist,	is	mainly	used	as
prophylaxis	against	motion	sickness,	can	be	applied	transdermally,	and
may	 be	 associated	 with	 visual	 accommodation	 disturbances.
Anticholinergic	 effects	 can	 be	 problematic	 for	 those	 with	 glaucoma,
benign	prostatic	hypertrophy,	and	asthma.2

Neurokinin-1	 receptor	 antagonists:	 Substance	 P	 is	 found	 in	 neurons
innervating	 the	 brainstem	nucleus	 tractus	 solitarius	 and	 the	 area	 postrema
and	has	emetogenic	effects	mediated	through	the	NK-1	receptor.

Aprepitant	and	fosaprepitant	(the	parenteral	formulation)	are	used	to
prevent	 acute	 and	 delayed	 chemotherapy-induced	 emesis	 and	 work
best	 in	 conjunction	 with	 serotonin	 receptor	 antagonists	 and
dexamethasone;	 this	 three-drug	 combination	 is	 recommended	 for
patients	receiving	highly	emetogenic	chemotherapy.6
There	 can	 be	 significant	 drug	 interactions	 because	 aprepitant
moderately	inhibits	the	CYP3A4	pathway.
Other	NK-1	 receptor	 antagonists	 that	 appear	 to	 be	 very	 effective	 for
prevention	 of	 nausea	 and	 vomiting	 in	 patients	 receiving	 emetogenic
chemotherapy	 include	NEPA,	 a	 combined	 product	 of	 netupitant	 plus
palonosetron,	and	rolapitant,	which	has	a	very	long	half-life	of	~7	days
and	does	not	interact	with	the	CYP3A4	pathway.7,8

Corticosteroids:	The	antiemetic	mechanism	of	glucocorticoids	is	not	well
understood	but	may	 relate	 to	 inhibition	of	central	prostaglandin	 synthesis,
release	of	endorphins,	or	altered	synthesis	or	release	of	serotonin.2

Corticosteroids	 (usually	 dexamethasone)	 are	 used	 alone	 or	 in
combination	 with	 5-HT3	 receptor	 antagonists	 and/or	 NK-1	 receptor
antagonists	 for	 treatment	 of	 chemotherapy-	 or	 radiation-induced
emesis	or	postoperative	emesis.
Side	 effects	 are	 uncommon	because	 treatment	 is	 usually	 limited	 to	 a
short	 period	 of	 time	 but	 can	 include	 hyperglycemia,	 insomnia,
increased	energy,	and	mood	changes.



Cannabinoids:	Nabilone	and	dronabinol	are	approved	for	chemotherapy-
induced	 nausea	 and	 vomiting	 refractory	 to	 conventional	 therapy	 but	 are
potentially	more	toxic	with	unfavorable	side	effects	including	hypotension
and	psychotropic	reactions.2	The	paradoxical	nausea	and	vomiting	seen	 in
cannabinoid	 hyperemesis	 syndrome	 is	 not	 well	 understood	 but	 may	 be
related	genetic	variations	in	hepatic	metabolism	or	chronic	accumulation	of
tetrahydrocannabinol	(THC)	after	long-term	exposure	in	sensitive	patients.3
Benzodiazepines:	 Given	 alone,	 benzodiazepines	 such	 as	 lorazepam	 and
alprazolam	are	 relatively	weak	antiemetic	agents.	They	are	primarily	used
to	 potentiate	 the	 antiemetic	 actions	 of	 serotonin	 antagonists	 and
dexamethasone.	They	 are	 also	helpful	 in	 the	 treatment	 of	 the	 anticipatory
nausea	 that	occurs	with	chemotherapy.	Sedation	 is	 the	most	common	side
effect.
Prokinetic	 drugs:	 In	 addition	 to	 metoclopramide,	 another	 drug	 in	 the
benzamide	 class	with	peripheral	 5-HT4	 agonist	 effects	 is	prucalopride,	 a
drug	intended	for	treatment	of	constipation	but	with	some	prokinetic	effects
in	 the	 upper	 GI	 tract	 as	 well.	 Potential	 uses	 for	 5-HT4	 agonists	 include
gastroparesis,	 intestinal	 pseudo-obstruction,	 and	 functional	 dyspepsia.
Related	 drugs	 such	 as	 cisapride	 and	 tegaserod	 were	 withdrawn	 from	 the
market	 secondary	 to	 cardiac	 toxicity	 but	 that	 has	 not	 been	 seen	 with
prucalopride.9	 Prucalopride	 is	 not	 currently	 available	 in	 the	 United
States.
Other	 drugs	 with	 prokinetic	 effects	 include	 erythromycin,	 a	 motilin
receptor	 agonist,	 and	 bethanechol,	 a	 muscarinic	 receptor	 agonist.
Erythromycin	may	be	used	 to	 treat	acute	nausea	and	vomiting	secondary
to	 gastroparesis	 and	 to	 clear	 the	 stomach	 prior	 to	 upper	 endoscopy.
However,	its	symptom-relieving	effects	are	questionable,	higher	doses	often
induce	abdominal	cramping	and	diarrhea,	and	it	is	not	useful	for	prolonged
treatment	due	to	prompt	tachyphylaxis,	uncertain	efficacy	via	the	oral	route,
and	risks	of	pseudomembranous	colitis	and	QT	prolongation.2
Ghrelin	 (a	 peptide	 related	 to	 motilin)	 has	 been	 identified	 as	 a	 potential
treatment	 for	 impaired	 gastric	 emptying	 due	 to	 its	 actions	 on	GI	motility
and	food	intake.	After	promising	results	in	initial	clinical	trials,	relamorelin,
a	ghrelin	 receptor	agonist,	 is	 currently	 in	phase	 II	 studies	 in	patients	with
diabetic	gastroparesis.10
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Approach	 to	 Gastrointestinal
Bleeding

14
Cheryl	R.	McDonough

GENERAL	PRINCIPLES
Gastrointestinal	 (GI)	 bleeding	 leads	 to	 over	 1,000,000	 hospitalizations
yearly	in	the	United	States.
Fifty	percent	of	GI	bleeding	admissions	are	 for	upper	GI	bleeding,	which
originates	proximal	to	the	ligament	of	Treitz;	40%	are	for	lower	GI	bleeding
that	arises	in	the	colon	and	anorectum;	and	10%	are	for	mid	bleeding	from
the	small	intestine.
GI	bleeding	may	be	overt,	occult	(a	positive	stool	guaiac	test	[hemoccult]	or
iron	deficiency	anemia),	or	obscure	(of	unclear	etiology	despite	upper	and
lower	endoscopic	evaluation	and	possibly	small	bowel	radiography).1

DIAGNOSIS

Clinical	Presentation
History
Important	aspects	of	the	history	to	focus	on	when	seeing	a	patient	with	suspected
GI	bleed	include	the	following:

Character	of	the	bleeding
Vomiting	 of	 bright	 red	 blood	 usually	 indicates	 significant	 upper	 GI
bleeding.



Coffee-ground	 emesis	 usually	 indicates	 the	 patient	 is	 not	 actively
bleeding.
Hematochezia	 can	 indicate	 upper	 GI	 bleeding	 if	 it	 is	 a	 very	 brisk
bleed;	 this	 is	 usually	 associated	 with	 signs	 of	 hemodynamic
compromise.
Epistaxis	may	point	to	a	non-GI	source	of	blood	loss.

Symptoms	of	anemia	or	hypovolemia
Light-headedness	or	syncope
Dyspnea
Angina

Associated	symptoms
Retching	and	vomiting	may	lead	to	a	Mallory-Weiss	tear.
Heartburn	 or	 dyspepsia	 may	 be	 associated	 with	 peptic	 ulcer	 disease
(PUD),	gastritis,	or	esophagitis.
Weight	 loss,	 early	 satiety,	 night	 sweats,	 anorexia,	 and/or	 a	 change	 in
bowel	habits	or	stool	caliber	are	concerning	for	malignancy.
PUD,	 mesenteric	 ischemia,	 and	 ischemic	 colitis	 may	 be	 associated
with	abdominal	pain.
Bleeding	 from	hemorrhoids	 is	 generally	 painless,	while	 anal	 fissures
are	associated	with	anal	pain.
Diverticular	bleeding	is	usually	painless.

Medication	use
Aspirin	or	other	nonsteroidal	anti-inflammatory	drugs	(NSAIDs)
Anticoagulants
Bismuth	or	iron
Medications	associated	with	pill	esophagitis

Tetracycline,	doxycycline,	clindamycin
Bisphosphonates

Social	habits
Alcohol	use	is	associated	with	gastritis,	PUD,	and	GI	malignancy	and
raises	the	possibility	of	variceal	bleeding.
Tobacco	use	is	associated	with	GI	malignancy	and	recurrent	PUD.

Medical	and	surgical	history
The	source	of	GI	bleeding	is	the	same	as	previous	bleeds	up	to	60%	of
the	time.2
History	 of	 liver	 disease	 increases	 the	 likelihood	 of	 esophageal	 or
gastric	varices	or	portal	hypertensive	gastropathy.
Prior	 surgery	 such	 as	 an	 abdominal	 aortic	 vascular	 graft	 or	 a	 known
abdominal	 aortic	 aneurysm	 increases	 the	 concern	 for	 an	 aortoenteric



fistula.
Prior	 intestinal	 surgical	 anastomosis	 raises	 the	 possibility	 of	 an
anastomotic	ulceration.
Prior	radiation	therapy	may	point	to	radiation-induced	telangiectasia	or
radiation	proctosigmoiditis.
Patients	 who	 have	 had	 a	 recent	 polypectomy	 may	 have
postpolypectomy	bleeding.

Physical	Examination
Important	 aspects	 of	 the	 physical	 examination	 to	 focus	 on	 when	 examining	 a
patient	with	suspected	GI	bleed	include	the	following:

Assessment	of	hemodynamic	 stability,	 including	orthostatic	heart	 rate	and
blood	pressure
Careful	abdominal	examination

Epigastric	tenderness	may	be	present	with	PUD	or	gastritis.
Abdominal	 tenderness	 may	 be	 more	 diffuse	 with	 infectious,
inflammatory,	or	ischemic	causes	of	bleeding.
Ascites	or	splenomegaly	may	be	present	in	chronic	liver	disease.
Hyperactive	bowel	sounds	may	be	heard	with	an	upper	bleed.

Cutaneous	manifestations	of	systemic	diseases
Stigmata	 of	 chronic	 liver	 disease	 such	 as	 jaundice,	 caput	 medusa,
spider	angiomata,	telangiectasias,	or	palmar	erythema	should	heighten
the	suspicion	for	variceal	bleeding.
Skin	 or	 mucous	 membrane	 telangiectasias	 could	 indicate	 hereditary
hemorrhagic	telangiectasia	(Osler-Weber-Rendu	syndrome).
Pigmented	lip	lesions	are	seen	with	Peutz-Jeghers	syndrome.
Cutaneous	tumors	suggest	neurofibromatosis.
Purpura	 is	 seen	 with	 vascular	 disease	 such	 as	 Henoch-Schonlein
purpura	or	polyarteritis	nodosa.
Purpura	and/or	petechiae	may	be	seen	with	other	bleeding	disorders.
Acanthosis	nigricans	may	reflect	underlying	malignancy.

Evaluation	of	the	patient’s	stool
Patients	with	brown	stool	are	unlikely	to	have	aggressive	bleeding.
Those	who	are	actively	passing	stools	with	red	blood,	maroon	blood,
or	melena	are	likely	to	still	have	active	bleeding.
Patients	with	infrequent	stools	are	unlikely	to	be	actively	bleeding.
Those	 with	 a	 history	 of	 coffee-ground	 emesis	 but	 normal-appearing



stools	 (possibly	 positive	 for	 occult	 blood)	 usually	 have	 had	 a	 trivial
bleed.

Differential	Diagnosis
Key	to	the	formulation	of	a	differential	diagnosis	is	classifying	a	bleed	as	to
whether	it	arises	from	an	upper	or	a	lower	source.
Upper	GI	bleeding	presents	with	hematemesis	(vomiting	of	bright	red	blood
or	coffee	grounds)	as	well	as	melena	(black,	tarry,	and	foul-smelling	stool).
As	little	as	50–100	mL	of	blood	in	 the	GI	 tract	can	result	 in	melena.1	See
Table	14-1	for	a	differential	diagnosis	of	upper	GI	bleeding.2
Bleeding	from	the	lower	GI	tract	usually	presents	as	hematochezia	(bright
red	 or	 maroon	 colored	 blood	 or	 fresh	 clots	 per	 rectum),	 although
hematochezia	can	be	seen	with	massive	upper	GI	bleeding,	and	melena	can
be	seen	with	proximal	lower	GI	bleeding.	See	Table	14-2	for	a	differential
diagnosis	of	lower	GI	bleeding.3

TABLE	14-1	Causes	of	Acute	Upper	Gastrointestinal	Bleeding



Adapted	from	Cappell	MS,	 Friedel	D.	 Initial	management	 of	 acute	 upper	 gastrointestinal	 bleeding:	 from
initial	evaluation	up	to	gastrointestinal	endoscopy.	Med	Clin	North	Am	2008;92:491–509.

TABLE	14-2	Causes	of	Acute	Lower	Gastrointestinal	Bleeding

Adapted	from	Zuccaro	G.	Management	of	the	adult	patient	with	acute	lower	gastrointestinal	bleeding.	Am	J
Gastroenterol	1998;93:1202–8.



Diagnostic	Testing
Although	 the	 return	of	bright	 red	blood	on	nasogastric	 lavage	 (NGL)	can	help
identify	 patients	 with	 high-risk	 lesions,	 it	 is	 somewhat	 controversial	 and	 is
performed	with	decreasing	frequency	for	the	following	reasons:

Approximately	 15%	 of	 actively	 bleeding	 patients	 still	 have	 a	 negative
lavage.4
Those	patients	who	have	a	bloody	NGL	tend	to	have	endoscopy	performed
more	promptly,	but	it	makes	no	difference	in	clinical	outcomes	or	length	of
hospitalization.5
A	 study	 of	 bedside	 procedures	 performed	 in	 the	 emergency	 department
showed	that	patients	rank	NG	intubation	as	the	most	painful.6

Laboratories

Complete	blood	count
Hematocrit	 checked	 soon	 after	 the	 onset	 of	 acute	 bleeding	 does	 not
accurately	 reflect	 the	 degree	 of	 blood	 loss.	 Equilibration	 can	 take
several	hours.
A	low	mean	corpuscular	volume	may	indicate	chronic	blood	loss	and
iron	deficiency.

Type	and	screen	or	cross-match
Coagulation	studies
Complete	metabolic	panel

An	elevated	blood	urea	nitrogen	(BUN)	to	creatinine	ratio	is	often	seen
in	upper	GI	bleeding.
Abnormal	 liver	 function	 tests	 in	 combination	with	 low	 albumin,	 low
platelets,	 and	 elevated	 international	 normalized	 ratio	 (INR)	 may
indicate	cirrhosis	and	risk	for	variceal	bleeding.
Cardiac	 enzymes	 and	 an	 electrocardiogram	 should	 be	 performed	 in
those	with	symptoms	or	risk	of	cardiac	ischemia.

Imaging
If	there	is	suspicion	for	bowel	perforation,	upright	and	supine	abdominal	x-rays
and	potentially	a	CT	of	 the	abdomen	and	pelvis	should	be	performed.	Of	note,
barium	radiography	is	contraindicated	in	acute	upper	GI	bleeding	because	of	its
interference	with	subsequent	endoscopy,	angiography,	or	surgery.	Discussion	of



other	imaging	tests	for	GI	bleeding	occurs	in	the	treatment	section.

Diagnostic	Procedures
Diagnostic	procedures	for	upper	and	lower	GI	bleeding	will	be	discussed	under
treatment.

TREATMENT
Initial	treatment	is	aimed	at	volume	resuscitation.

Volume	should	be	replaced	with	isotonic	fluids.
Administration	 of	 blood	 products	 (O-negative	 if	 necessary	 prior	 to
cross-matching)	should	be	based	on	the	patients	clinical	condition.
In	general,	transfusion	to	goal	hemoglobin	of	7	g/dL	is	adequate.7

Coagulopathy	 (INR	 >	 1.5)	 should	 be	 corrected	 with	 fresh	 frozen	 plasma
(FPP)	and	vitamin	K.
Thrombocytopenia	 (platelets	 <	 50,000)	 should	 be	 corrected	 with	 platelet
transfusion.
Patients	 whose	 vital	 signs	 do	 not	 stabilize	 with	 initial	 resuscitation,	 who
have	ongoing	 transfusion	 requirements,	or	who	have	 significant	comorbid
illness	should	be	considered	for	intensive	care	unit	admission.	Endotracheal
intubation	should	be	considered	in	patients	with	ongoing	hematemesis	or	in
those	patients	with	altered	respiratory	or	mental	status.

Treatment	of	Upper	GI	Bleeding
After	 hemodynamic	 stabilization	 and	 reasonable	 correction	 of	 any
coagulopathy,	 upper	 endoscopy	 is	 the	 diagnostic	 study	 of	 choice	 in
suspected	 upper	 GI	 bleeding.	 Endoscopy	 is	 ideally	 performed	 within	 24
hours	of	presentation	but	should	be	performed	more	urgently	after	medical
resuscitation	of	those	with	active	hemorrhage.	Nearly	80%	of	patients	with
upper	 GI	 bleeding	 will	 stop	 bleeding	 spontaneously	 and	 not	 have
recurrence;	however,	 the	remaining	20%	of	patients	have	a	high	mortality
rate	of	30–40%.
Therapeutic	endoscopic	maneuvers	 such	as	 injection,	 thermal	coagulation,



banding,	and/or	clipping	are	often	able	to	achieve	hemostasis.	In	addition,
prompt	 endoscopy	 can	 identify	 low-risk	 patients	who	may	 be	 appropriate
for	 outpatient	 treatment	 as	 well	 as	 triage	 those	 particularly	 high-risk
patients	to	more	intensive	monitoring.
Clinical	predictors	of	 rebleeding	and	mortality	 in	upper	GI	bleeds	 include
the	following:

Age	>	65
Syncope	or	hemodynamic	instability
Poor	overall	health	status
Comorbid	illnesses
Low	initial	hemoglobin
Melena
Transfusion	requirement
Fresh	red	blood	on	rectal	exam,	emesis,	or	nasogastric	aspirate
Sepsis
Elevated	BUN,	creatinine,	or	serum	aminotransferases7
Endoscopic	 predictors	 of	 risk	 include	 peptic	 ulcer	 appearance	 (Table
14-3),1,8,9	 ulcer	 size	 >2	 cm,	 ulcer	 location	 on	 the	 posterior	 lesser
gastric	curvature	or	posterior	duodenal	wall,	and	lesion	type7

Peptic	ulcers	with:
High-risk	stigmata	 (active	 bleeding	 and	 nonbleeding	 visible	 vessel)
require	 endoscopic	 intervention,	 which	 can	 reduce	 their	 risk	 of
rebleeding	 to	 15–30%;	 adjunctive	 high-dose	 proton	 pump	 inhibitor
(PPI)	reduces	the	risk	even	further	to	<10%.1
An	ulcer	with	oozing	or	an	adherent	clot	also	benefit	from	endoscopic
treatment.	 Oozing	 is	 of	 intermediate	 risk,	 and	 those	 patients	 are
generally	observed	in	the	hospital	for	24–28	hours	after	endoscopy.1
Patients	with	clean-based	ulcers	have	a	low	rebleeding	rate	of	<5%,	do
not	 require	 endoscopic	 therapy,	 can	 be	 fed	 after	 endoscopy,	 treated
with	 oral	 acid	 suppression	 once	 daily,	 and	 can	 often	 be	 safely
discharged	home	within	<24	hours.1

High-dose	 proton	 pump	 inhibitor	 infusion	 decreases	 rebleeding	 in
patients	with	high-risk	stigmata	on	endoscopy.

Pre-endoscopic	administration	of	a	PPI	is	cost-effective	and	decreases
the	 proportion	 of	 patients	 that	 will	 have	 high-risk	 stigmata	 on
endoscopy.
The	 optimal	 route	 of	 administration	 and	 dose	 are	 not	 clearly



established,	but	 it	 is	 reasonable	 to	use	high-dose	 intravenous	PPI	(80
mg	bolus	followed	by	8	mg/h)	for	clinically	high-risk	patients.1
Approximately	80%	of	rebleeding	from	high-risk	peptic	ulcers	occurs
in	the	first	72	hours	after	endoscopic	hemostasis,	and	high-risk	ulcers
generally	 evolve	 into	 a	 low-risk	 appearance	 over	 the	 first	 72	 hours.
Therefore,	it	is	recommended	that	patients	with	high-risk	stigmata
remain	hospitalized	and	be	treated	with	high-dose	intravenous	PPI
for	a	full	72	hours	after	endoscopic	hemostasis.10
Of	 note,	 histamine	 type-2	 receptor	 antagonists	 are	 not	 recommended
for	 the	 acute	 management	 of	 upper	 GI	 bleeding	 due	 to	 a	 lack	 of
benefit.

Eradication	of	Helicobacter	pylori	 (either	 immediately	 or	 during	 follow-
up)	decreases	 the	rate	of	rebleeding	 in	patients	with	PUD.	Acute	bleeding
increases	 the	 rate	 of	 false-negative	 rapid	 urease	 testing,	 and	 a	 negative
result	 requires	 later	 confirmation	 or	 an	 alternative	 method	 of	 testing.
Eradication	should	be	confirmed	after	treatment.2
Aspirin	or	other	NSAID	use	should	be	stopped	if	possible	after	an	NSAID-
induced	bleeding	ulcer.

Switching	 an	 NSAID	 to	 a	 selective	 cycloxygenase-2	 (COX-2)
inhibitor	 (with	concurrent	PPI)	 is	of	 lower	 rebleeding	 risk	as	 long	as
there	is	no	cardiovascular	contraindication.1
In	patients	who	 require	aspirin	 for	cardiovascular	protection,	 the	 risk
of	 a	 cardiovascular	 complication	 begins	 to	 significantly	 increase
within	7–10	days	off	aspirin;	 therefore,	aspirin	should	be	 resumed	as
soon	 as	 possible	 after	 hemostasis,	 certainly	 within	 7	 days.7,8
Concurrent	use	of	a	PPI	reduces	the	risk	of	recurrent	GI	hemorrhage.1
Clopidogrel	is	associated	with	a	high	risk	for	rebleeding,	significantly
higher	than	that	seen	with	low-dose	aspirin	(81	mg)	plus	a	PPI.1,7	Use
of	 clopidogrel	 plus	 a	 PPI	 may	 decrease	 the	 antiplatelet	 effect	 of
clopidogrel;	 however,	 for	 patients	 who	 require	 continuation	 of
clopidogrel,	 the	 risk	 of	 recurrent	 bleeding	 without	 a	 PPI	 is	 felt	 to
outweigh	the	potential	increase	in	cardiovascular	events.10

If	rebleeding	after	endoscopic	treatment	occurs,	an	urgent	repeat	endoscopy
should	be	performed,	 as	 sustained	hemostasis	will	be	achieved	 in	73%	of
patients	 who	 will	 therefore	 avoid	 the	 need	 for	 surgery	 or	 other	 invasive
interventions.1

Next,	patients	should	be	considered	for	angiography	with	embolization
or	for	surgery.



Immediate	 surgical	 intervention	 is	 required	 for	 patients	 with
exsanguinating	bleeding	or	potentially	for	those	with	a	high-risk	lesion
that	the	endoscopist	does	not	feel	comfortable	treating.

Variceal	 hemorrhage	 is	 the	 most	 common	 nonulcer	 cause	 of	 upper	 GI
hemorrhage,	accounting	for	10–25%	of	upper	GI	bleeding.2	In	patients	with
cirrhosis,	 around	 60%	 of	 initial	 upper	 GI	 bleeds	 are	 secondary	 to
esophageal	 varices,	 which	 will	 stop	 bleeding	 spontaneously	 in	 over	 50%
due	to	the	decreased	portal	pressure	created	by	hypovolemia	and	splanchnic
vasoconstriction.2,11	In	fact,	excessive	blood	transfusion	appears	to	increase
the	chance	of	rebleeding	due	to	the	negation	of	this	effect.12

Endoscopic	 variceal	 ligation	 (EVL)	 and	 endoscopic	 sclerotherapy
(EST)	 are	 both	 effective	 for	 controlling	 esophageal	 variceal
hemorrhage	 with	 cessation	 of	 bleeding	 after	 initial	 treatment	 in	 80–
90%	 of	 patients11;	 however,	 trials	 have	 shown	 that	 EVL	 is	 superior
with	 regard	 to	 less	 recurrent	 bleeding,	 fewer	 local	 adverse	 reactions,
and	better	survival.13	Mortality	with	 an	 acute	 variceal	 hemorrhage	 is
5–8%	at	 1	week	 and	 about	 20%	at	 6	weeks,	with	 up	 to	 one-third	 of
treated	patients	rebleeding	within	6	weeks.11
A	 transjugular	 intrahepatic	 portosystemic	 shunt	 (TIPS)	 is	 placed
for	 refractory	 bleeding	 uncontrolled	 by	 two	 sessions	 of	 endoscopic
therapy	within	24	hours.11
If	necessary,	balloon	tamponade	using	a	Sengstaken-Blakemore	tube,	a
Minnesota	tube,	or	a	Linton-Nachlas	tube	can	be	used	as	a	temporizing
measure	until	TIPS	can	be	performed.
Somatostatin	 and	 its	 long-acting	analog	octreotide	cause	splanchnic
vasoconstriction	 and	 decreased	 portal	 inflow;	 these	 can	 be	 used	 in
acute	 variceal	 hemorrhage	 to	 decrease	 portal	 and	 intravariceal
pressure.	 Octreotide	 (50	 mcg	 IV	 bolus	 followed	 by	 50	 mcg/h	 IV
infusion	 for	 up	 to	 5	 days)	 is	 the	 usual	 choice	 because	 of	 its	 easy
availability	and	should	be	started	as	soon	as	possible	when	a	variceal
bleed	is	suspected.1,11
Endoscopic	treatment	of	gastric	variceal	hemorrhage	is	somewhat	less
well	 defined;	 however,	 gastric	 variceal	 obturation	 (GVO)	 using
adhesives	 or	 fibrin	 glue	 appears	 to	 be	 more	 effective	 than	 EST	 or
EVL.13	 TIPS	 or	 balloon-occluded	 retrograde	 transvenous
obliteration	 (BRTO)	 should	 be	 performed	 for	 uncontrollable
hemorrhage.13

Cirrhotic	patients	with	upper	GI	bleeding	(including	nonvariceal)	should	be



treated	with
Prophylactic	 antibiotics,	 preferably	 prior	 to	 endoscopy,	 to	 prevent
bacteremia	 and	 spontaneous	 bacterial	 peritonitis.	 In	 a	 patient	who	 is
tolerating	oral	intake,	the	preferred	choice	is	norfloxacin	400	mg	daily
for	7	days;	intravenous	options	include	ceftriaxone	1000	mg	daily	for
7	days,	 ciprofloxacin	400	mg	 twice	daily	 for	7	days,	or	 levofloxacin
500	mg	daily	for	7	days.11
Addition	of	a	nonselective	β-blocker	 such	 as	propranolol	or	nadolol
can	decrease	the	risk	of	rebleeding.11
An	oral	PPI	is	also	recommended	to	decrease	the	risk	for	postbanding
ulceration.13
Liver	 transplant	 is	 the	 only	 treatment	 that	 significantly	 improves
long-term	prognosis.

TABLE	 14-3	 Mortality,	 Frequency,	 and	 Rebleeding	 Risk	 Based	 on
Endoscopic	Appearance	of	Ulcer
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Saunders/Elsevier,	2016:297–335;	Laine	L,	Jensen	DM.	Management	of	patients	with	ulcer	bleeding.	Am	J
Gastroenterol	2012;107:345–60;	Hwang	JH,	Fisher	DA,	Ben-Menachem	T,	et	al.	The	role	of	endoscopy	in
the	management	of	acute	non-variceal	upper	GI	bleeding.	Gastrointest	Endosc	2012;75:1132–8.

Treatment	of	Lower	GI	Bleeding
Twenty	to	thirty	percent	of	patients	presenting	with	a	major	GI	bleed	will	be
found	 to	 have	 lower	 GI	 bleeding,	 the	 incidence	 of	 which	 increases	 with
age.14
Those	 with	 lower	 GI	 bleeding	 are	 more	 likely	 to	 present	 with	 normal
hemoglobin,	less	likely	to	develop	shock	or	require	blood	transfusion,	and
have	a	mortality	ranging	from	2%	to	4%.14
Clinical	predictors	of	outcome	are	not	as	well	defined	for	lower	GI	bleeding
as	compared	with	upper,	but	high-risk	characteristics	have	been	 shown	 to
include	 tachycardia,	 hypotension,	 syncope,	 a	 nontender	 abdomen,	 rectal
bleeding	 on	 presentation,	 aspirin	 use,	 and	 more	 than	 two	 comorbid
illnesses.1
Causes	of	lower	GI	bleeding

Diverticulosis	is	the	most	common	cause	of	lower	GI	bleeding;	about
70–80%	of	these	cases	(including	virtually	all	those	requiring	<4	units
of	packed	RBC	transfusion	in	a	24-hour	period)	stop	spontaneously.3
Angiodysplasia	 is	 also	 a	 common	 cause	 of	 lower	 GI	 bleeding,
especially	in	those	patients	>65	years	of	age.
Ischemic	 colitis	 generally	 affects	 the	 watershed	 areas	 of	 the	 colon
(splenic	flexure	and	rectosigmoid	junction),	and	patients	usually	have
underlying	 cardiovascular	 disease;	 most	 improve	 with	 conservative
management.

Occasionally,	upper	endoscopy	may	be	required	to	evaluate	for	an	upper	GI
source	 of	 bleeding,	 as	 10–15%	 of	 patients	 with	 severe	 hematochezia
(usually	 associated	 with	 hemodynamic	 compromise)	 will	 have	 an	 upper
source.1	After	 an	upper	GI	 source	has	been	 ruled	 out,	 colonoscopy	 has	 a
diagnostic	 yield	 ranging	 from	 45	 to	 90%	 and	 offers	 the	 potential	 for
therapeutic	 interventions	 such	 as	 thermal	 coagulation,	 epinephrine
injection,	and/or	endoscopic	clip	placement,	which	can	achieve	hemostasis
in	50–100%	of	patients	undergoing	early	colonoscopy.1,14
Appropriate	 timing	 for	 colonoscopy	 in	 acute	 lower	 GI	 bleeding	 is



somewhat	 unclear,	 but	most	 recommend	 urgent	 colonoscopy	within	 8–24
hours	 of	 presentation	 with	 severe	 hematochezia.14	 Colon	 preparation	 is
recommended,	usually	with	a	polyethylene	glycol–based	solution;	 there	 is
no	evidence	that	rapid	bowel	preparation	reactivates	or	increases	the	rate	of
bleeding.
Radionuclide	imaging	(tagged	RBC	study)	is	a	noninvasive	option	that	can
detect	 active	 bleeding	 at	 a	 rate	 as	 low	 as	 0.04	 mL/min.1	 Bleeding	 is
localized	only	to	an	area	of	the	abdomen	rather	than	to	an	anatomic	part	of
the	bowel.	False-positive	results	can	occur	with	rapid	transit	of	intraluminal
blood	 when	 radiolabeled	 blood	 is	 detected	 in	 the	 colon	 even	 though	 it
originated	in	the	upper	GI	tract.
CT	 angiography	 can	 detect	 bleeding	 of	 0.3–0.5	 mL/min	 with	 85%
sensitivity.	This	modality	is	widely	available,	fast,	and	minimally	invasive,
but	it	requires	intravenous	contrast	and	has	no	therapeutic	capacity.	Its	role
in	 evaluation	 of	 acute	 GI	 bleeding	 is	 still	 being	 determined,	 but	 it	 has
replaced	the	nuclear	tagged	red	blood	cell	scan	at	some	centers.14
Mesenteric	angiography	 is	most	likely	to	detect	a	bleeding	site	when	the
rate	of	active	bleeding	is	at	least	0.5	mL/min.1	Anatomic	localization	of	the
bleed	 is	 very	 accurate,	 but	 sensitivity	 is	 variable.	 Often	 radionuclide
imaging	 is	 obtained	 prior	 to	 angiography	 to	 localize	 the	 bleed,	 but	 this
delay	can	also	prevent	obtaining	a	positive	angiogram	if	the	bleeding	stops.
Angiography	 does	 not	 require	 bowel	 prep	 and	 can	 allow	 therapeutic
intervention	via	superselective	transcatheter	embolization.	Colonoscopy	has
a	higher	diagnostic	yield	and	lower	rate	of	complications.	Angiography	 is
reserved	for	patients	with	massive,	ongoing	bleeding	where	endoscopy
is	 not	 feasible	 or	 for	 those	 with	 persistent	 and/or	 recurrent
hematochezia	with	a	source	not	apparent	on	endoscopy.
Despite	 lower	 GI	 evaluation,	 a	 bleeding	 site	 may	 not	 be	 identified.	 An
upper	endoscopy	with	push	enteroscopy,	which	allows	visualization	of	the
proximal	jejunum	approximately	50–150	cm	beyond	the	ligament	of	Treitz,
can	be	considered	and	 identifies	a	potential	bleeding	site	 in	about	50%	of
patients.1	Up	to	15%	of	these	patients	with	an	initially	suspected	lower	GI
bleed	will	prove	to	have	a	bleeding	site	in	the	upper	GI	tract.1
Capsule	endoscopy	is	more	sensitive	than	other	methods	for	the	diagnosis
of	a	small	bowel	source	of	bleeding	and	is	generally	the	next	step	following
nondiagnostic	 upper	 and	 lower	 endoscopies.	 It	 is	 a	 noninvasive	 test	 and
allows	 examination	 of	 the	 entire	 small	 bowel,	 but	 no	 tissue	 sampling	 or
therapeutic	 intervention	 is	 possible.	 If	 a	 lesion	 is	 seen	 in	 the	 proximal
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jejunum,	push	enteroscopy	can	then	be	performed.
Small	bowel	follow-through	may	detect	intraluminal	lesions.	Small	bowel
enteroclysis	 may	 have	 an	 increased	 diagnostic	 yield	 over	 standard	 small
bowel	follow-through	and	can	be	performed	in	conjunction	with	computed
tomography	 and	magnetic	 resonance	 imaging.	 Its	 role	may	 be	 in	 settings
where	 capsule	 endoscopy	 and	 enteroscopy	 are	 unavailable	 or
contraindicated.	 However,	 barium	 studies	 are	 not	 recommended	 in	 acute
bleeding	 because	 residual	 barium	 in	 the	 GI	 tract	 makes	 subsequent
endoscopy	or	angiography	difficult	to	perform.
Nuclear	scanning	for	Meckel	diverticulum	should	be	considered	in	younger
patients.	Deep	enteroscopy	of	 the	 jejunum	or	 ileum	can	be	performed	via
the	 oral	 or	 rectal	 route	 with	 a	 double-balloon	 endoscope,	 single-balloon
system,	 or	 a	 spiral	 overtube	 using	 no	 balloon.	 Interventions	 are	 also
possible	 using	 this	 method,	 but	 risk	 of	 major	 complications	 is
approximately	1%.1
Intractable	 bleeding	 may	 require	 surgical	 intervention.	 Morbidity	 and
mortality	 are	 reduced	 if	 the	 site	 of	 blood	 loss	 has	 been	 identified
preoperatively.	It	is	helpful	to	consult	surgical	colleagues	early	on	if	this	is
a	possibility.
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Approach	to	Abdominal	Pain
15
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GENERAL	PRINCIPLES
Abdominal	 pain	 is	 one	 of	 the	 most	 common	 complaints	 and	 is	 the	 most
common	 GI	 symptom	 for	 outpatient	 clinic	 visits	 in	 the	 United	 States	 in
2009.1
It	 presents	 in	 many	 settings	 and	 to	 most	 clinical	 specialists.	 General
internists	are	often	called	upon	to	evaluate	patients	with	abdominal	pain	and
determine	the	seriousness	of	the	problem—in	particular,	whether	or	not	the
situation	is	emergent	and/or	if	a	surgical	consultation	is	required.
Diagnosis	may	be	especially	challenging	in	children,	immunocompromised
hosts,	 the	 elderly,	 those	 who	 are	 pregnant	 or	 obese,	 and	 patients	 with	 a
history	of	chronic	abdominal	pain.

Because	 there	 are	 literally	 hundreds	 of	 disorders	 that	 can	 result	 in	 the
perception	of	pain	in	the	abdomen,	an	orderly	approach	is	critical	to	avoid
unnecessary	testing	and	potentially	harmful	delays	in	diagnosis.
Possible	 diagnoses	 range	 from	 trivial	 to	 life	 threatening.	 The	 latter
conditions	add	to	the	complexity	and	the	possibility	of	bad	outcomes	with
misdiagnosis.	 Many	 organ	 systems	 and	 disease	 mechanisms	 can	 be
involved.
The	time-honored	approach	to	the	differential	relies	on	location	(Fig.	15-1;
Table	15-1).
While	effective,	this	approach	may	overlook	some	anatomic	structures	such
as	 the	 skin/abdominal	wall	 (e.g.,	 herpes	 zoster,	 rectus	 sheath	 hematoma),
vasculature	 (e.g.,	 aortic	 aneurysm/dissection),	 and	 the	 retroperitoneal	 area
(e.g.,	retroperitoneal	fibrosis,	psoas	abscess).
Additionally,	certain	mechanisms	of	disease,	especially	those	that	are	more
diffuse	 or	 systemic	 in	 nature,	may	 be	missed,	 including	 toxic,	metabolic,
allergic,	 autoimmune,	 and	 psychiatric.	 Any	 approach	 may	 neglect	 pain



originating	 outside	 of	 but	 referred	 to	 the	 abdomen	 (e.g.,	 myocardial
ischemia/infarction,	pneumonia,	pulmonary	embolism).
No	 single	 approach	 will	 be	 clearly	 the	 most	 effective	 in	 every	 patient;
therefore,	 systematic	 thoroughness	 and	 identification	 of	 the	 surgical
abdomen	are	ultimately	the	keys	to	diagnostic	management.
Table	 15-2	 lists	 some	 important	 items	 on	 the	 differential	 diagnosis	 of
abdominal	pain.

FIGURE	15-1	Anatomic	approach	to	abdominal	pain.

TABLE	15-1	Organ	Involvement	and	Perceived	Location	of	Pain



TABLE	15-2	Abbreviated	Differential	Diagnosis	of	Abdominal	Pain





DIAGNOSIS

Clinical	Presentation
History
The	two	most	important	mechanisms	of	pain	are	parietal	pain	and	visceral	pain
(Table	15-3).

TABLE	15-3	Characteristics	of	Parietal	and	Visceral	Pain

Parietal	 (somatic)	pain	 is	caused	by	 irritation	of	 the	parietal	peritoneum,
which	 may	 be	 produced	 by	 inflammation	 of	 an	 adjacent	 organ.	 The
presence	 of	 blood,	 stool,	 or	 gastric	 contents	 against	 the	 peritoneum	 also
causes	parietal	pain.	It	is	aching	to	sharp	in	character,	often	steady,	and	well
localized	directly	over	the	inflamed	area.
Visceral	pain	is	due	to	noxious	stimuli	to	the	visceral	organs	and	has	such
causes	 as	 traction	 on	 the	 peritoneum,	 distention	 of	 a	 hollow	 viscus,	 or
muscular	contraction,	often	against	an	obstructed	lumen.	It	is	usually	dull	in
nature,	 vaguely	 localized,	 and	 intermittent	 (colicky),	 but	 it	 may	 also	 be
steady	(e.g.,	biliary	“colic”).	Seemingly	odd	localization/referral	of	pain	is



readily	explained	by	the	particular	spinal	nerve	involved.
Referred	pain	is	characterized	by	pain	that	is	felt	distant	to	affected	organs.
For	 example,	 pathologies	 irritating	 right	 hemidiaphram	 may	 produce
referred	 pain	 to	 the	 right	 shoulder.	 Therefore,	 obtaining	 information	 in
regard	to	referred	pain	would	help	to	localize	the	diseased	organ.
In	addition,	 the	onset	of	pain	can	usually	 indicate	 the	severity	of	diseases
and	determine	the	urgency/emergency	of	evaluation.

Pain	 that	 begins	 abruptly	 suggests	 possible	 intra-abdominal
catastrophe,	 including	 ruptured	 abdominal	 vasculature,	 acute
mesenteric	ischemia/infarction,	or	perforated	viscus.
Pain	 that	 develops	 rapidly	 over	 minutes	 suggests	 inflammation	 or
obstruction	of	a	viscus.	Gradual	onset	over	a	few	hours	also	suggests
inflammation.
Pain	from	duodenal	ulcer	often	 improves	with	eating	or	antacids.	On
the	other	hand,	pain	from	gastric	ulcer	may	worsen	after	eating.

Hematemesis,	hematochezia,	melena,	obstipation,	hematuria,	and	fever	may
further	focus	the	diagnostic	evaluation.
Always	 take	 a	 menstrual	 history	 in	 women	 of	 childbearing	 age.	Do	 not
miss	an	ectopic	pregnancy	or	other	obstetric	emergency.

Physical	Examination

The	presence	of	tachycardia	or	orthostatic	hypotension	suggests	significant
volume	depletion	and	should	prompt	an	immediate	resuscitation	and	search
for	 the	 underlying	 cause	 (hemorrhage,	 vomiting,	 diarrhea,	 and/or	 third
spacing).	 Tachycardia	 may	 be	 the	 only	 sign	 of	 impending	 hemodynamic
collapse	 in	 a	 patient	 with	 a	 vascular	 catastrophe.	 Fever	 suggests	 an
inflammatory	process,	often	infectious.
Patients	with	 peritonitis	will	 often	 lie	 very	 still,	whereas	 those	with	 renal
colic	will	often	writhe	in	bed.
Jaundice	usually	indicates	pathologies	of	hepatobiliary	tract.
Skin	 lesions	 can	 sometimes	 be	 crucial	 clues	 to	 diagnose	 certain	 diseases
such	as	inflammatory	bowel	disease,	Henoch-Schönlein	purpura,	porphyria,
or	autoimmune	disorders.
Palpable	lymph	node(s)	may	suggest	underlying	malignancies.
Inspect	the	abdomen	for	surgical	scars,	distention,	bulging	flanks,	hernias,
or	 other	obvious	 abnormalities.	The	 entire	 abdomen	 should	be	visualized,
from	just	above	the	lower	costal	margins	to	thighs.



Auscultate	for	the	presence	and	quality	of	bowel	sounds.
Listen	for	at	least	several	minutes	before	presuming	that	bowel	sounds
are	absent,	which	suggests	ileus	or	peritonitis.
High-pitched	 tinkling	 bowel	 sounds	 are	 said	 to	 be	 indicative	 of
intestinal	fluid	and	air	under	tension	in	a	dilated	bowel.
High-pitched	 rushing	 bowel	 sounds	 with	 abdominal	 cramps	 are
reportedly	due	to	intestinal	obstruction.
The	 sensitivity	 and	 specificity	 of	 these	 findings	 for	 intra-abdominal
pathology	 is	 probably	 quite	 low.	 Serious	 abdominal	 problems	 may
exist	in	spite	of	the	presence	“normal	active	bowel	sounds.”
Arterial	 bruits	 may	 be	 heard.	 Gentle	 pressure	 with	 the	 stethoscope
during	 auscultation	 may	 allow	 for	 assessment	 of	 tenderness	 without
alarming	the	patient.

Percussion	and	palpation	should	begin	furthest	from	the	area	of	reported
pain.

Peritoneal	 inflammation	may	 be	 determined	 by	 light	 percussion	 on
the	abdomen,	gently	shaking	the	bed,	or	asking	the	patient	to	cough.	It
may	be	helpful	to	ask	the	patient	to	point	to	where	the	pain	is	worst.
Lightly	percuss	all	four	quadrants.	If	the	patient	can	tolerate	it,	tap	out
the	size	of	the	liver.	If	indicated,	percuss	for	shifting	dullness.
Palpation	 should	 be	 very	 gentle	 at	 first	 and	 then	 increased	 as	 the
patient	tolerates.	Observe	the	patient	closely	while	doing	so.	It	may	be
necessary	 to	help	 the	patient	 to	 relax	and	 thereby	decrease	voluntary
guarding.	 If	 true	 involuntary	 guarding	 is	 present,	 the	 abdominal
musculature	will	stay	in	spasm	throughout	deep	breathing	with	gentle
palpation.
Rebound	 tenderness	 is	 less	 specific	 for	 peritoneal	 inflammation,
whereas	 involuntary	 guarding	 and	 rigidity	 are	 more	 specific.	 The
traditional	assessment	of	rebound	tenderness	may	also	be	very	painful
(and	generally	unnecessary)	for	patients	with	peritonitis.
Masses,	organomegaly,	and	aortic	pulsations/size	should	be	noted.
Ruptured	 abdominal	 aortic	 aneurysm	 must	 be	 immediately
considered	 in	 patients	 with	 abdominal/back	 pain,	 a	 pulsatile
abdominal	mass,	and	hypotension.
If	ascites	is	suspected,	assess	for	a	fluid	wave	as	well.

Be	sure	to	examine	for	the	presence	of	hernias.
All	 patients	 with	 acute	 abdominal	 pain	 must	 have	 a	 rectal	 and	 pelvic
(women)	exam	performed.
Severe	 pain	 out	 of	 proportion	 to	 abdominal	 findings	 suggests	mesenteric



ischemia.
A	 recent	 systematic	 review	 concluded	 that	 findings	 of	 abdominal	 pain,
fever,	 rebound	 tenderness,	 and	midabdominal	 pain	migrating	 to	 the	 right
lower	 quadrant	 in	 children	 are	 associated	 with	 appendicitis.2	 A	 lack	 of
leukocytosis	is	associated	with	its	absence.	These	findings	seem	to	be	most
useful	 in	 combination	 but	 are	 insufficient	 to	 establish	 the	 diagnosis	 with
certainty.	They	do,	however,	suggest	when	further	evaluation	is	indicated.
Similarly	 in	 adults,	 individual	 clinical	 features	 are	 not	 particularly
discriminatory	 but	 may	 be	 very	 useful	 in	 combination,	 particularly
laboratory	 markers	 of	 inflammation	 (neutrophil	 count	 and	 CRP	 level),
findings	 of	 peritonitis	 (rigidity	 and	 percussion/rebound	 tenderness),	 and	 a
history	of	pain	migration.3

Diagnostic	Testing
Laboritories
As	most	 patients	 with	 acute	 abdominal	 pain	 can	 be	 diagnosed	 with	 a	 careful
history	 and	 physical	 exam,	 further	 diagnostic	 evaluation	 should	 be	 targeted	 to
the	 specific	 clinical	 scenario.	 Always	 obtain	 a	 urine	 β-hCG	 in	 women	 of
childbearing	 age.	 Excessive	 undirected	 testing	 increases	 the	 costs	 and	 may
cause	 unnecessary	 delays	 in	 diagnosis	 and	 treatment.	 Some	 basic	 tests	 to
consider	include

Complete	blood	count
Basic	metabolic	panel
Hepatic	function	panel
Amylase/lipase
Urinalysis

Imaging

Not	all	patients	with	acute	abdominal	pain	require	plain	or	upright	films	of
the	abdomen.	However,	abdominal	radiographs	are	useful	for	diagnosing	a
perforated	 viscus	 (identified	 as	 free	 air),	 foreign	 bodies,	 ileus,	 or	 bowel
obstruction.	If	there	is	no	real	suspicion,	then	plain	films	will	generally	be
of	no	diagnostic	value.
Transabdominal	 US	 is	 useful	 for	 patients	 with	 suspected	 biliary	 tract



disease,	including	acute	cholecystitis,	biliary	pain,	and	choledocholithiasis.
It	is	the	initial	test	of	choice	for	right-upper-quadrant	pain.	US	also	allows
rapid	 diagnosis	 of	 abdominal	 aortic	 aneurysms.	 However,	 its	 diagnostic
yield	also	depends	on	the	experience	of	 the	ultrasonographers.	Recently,	a
study	supported	the	use	of	ultrasound	as	an	initial	imaging	in	patients	with
suspected	nephrolithiasis	without	increasing	risks	of	adverse	events.4
Abdominal	 CT	 is	 a	 powerful	 imaging	 tool	 and	 is	 very	 sensitive	 for
identifying	a	perforated	viscus,	bowel	obstruction,	intra-abdominal	abscess,
appendicitis,	 ruptured	 aortic	 aneurysm,	 pancreatitis,	 and	 diverticulitis.	 It
also	 can	 alter	 intial	 diagnosis	 and	 influence	 management	 decisions.5
However,	care	must	be	used	in	selecting	patients	for	abdominal	CT.	The	test
is	 time	 consuming	 and	 costly	 and	may	unnecessarily	 delay	 diagnosis	 and
treatment,	especially	in	patients	who	require	urgent	surgery.	In	addition,	CT
requires	 higher	 doses	 of	 radiation	 and	 may	 increase	 cancer	 risks	 in	 the
future.6	So,	it	should	be	used	judiciously.
MRI	 can	 be	 used	 safely	 to	 evaluate	 abdominal	 pain	 in	 pregnant	 patients
since	there	is	no	radiation	exposure	to	a	fetus.	It	also	has	high	accuracy	to
diagnose	 acute	 appendicitis	 and	 other	 conditions.7	 Still,	 it	 may	 be
challenging	to	obtain	MRI	during	urgent/emergent	evaluation.

TREATMENT
The	appropriate	treatment	of	the	many	causes	of	abdominal	pain	is	well	beyond
the	 scope	 of	 this	 chapter.	 Although	 there	 are	 growing	 evidences	 that	 patients
with	 uncomplicated	 acute	 appendicitis	 can	 be	 treated	 with	 only	 antibiotic
therapy,	 this	 treatment	 should	 be	 carefully	 evaluated	 and	 offered	 to	 the
appropriate	patients.8	Keep	in	mind	that	appendectomy	is	still	the	gold	standard.
Most	 patients	 will	 very	 frequently	 want	 symptomatic	 treatment	 of	 their	 pain.
Historically,	this	has	been	strongly	discouraged	on	the	grounds	that	opiates	may
mask	 important	 symptoms	 and	 signs	 and	 thereby	 inhibit	 a	 rapid	 and	 accurate
diagnosis.	 There	 is	 no	 convincing	 objective	 evidence	 for	 this	 assumption,	 and
opioid	 analgesics	 are	 probably	 indicated	 for	 patient	 comfort	 once	 an	 initial
history	and	physical	exam	have	been	done.9
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Approach	 to	 Abnormal	 Liver
Enzymes

16
James	Matthew	Freer

GENERAL	PRINCIPLES
Alkaline	 phosphatase	 and	 the	 transaminases	 aspartate	 aminotransferase
(AST)	 and	 alanine	 aminotransferase	 (ALT)	 are	 commonly	 called	 liver
function	 tests	 (LFTs),	 although	 the	 AST	 and	 ALT	 are	 actually	 indicators
more	of	inflammation	than	of	dysfunction.	ALT	is	more	specific	than	AST
for	liver	damage.
Albumin,	bilirubin,	 and	 the	prothrombin	 time	 (PT)	 are	better	 tests	 for	 the
synthetic	 function	 of	 the	 liver	 and	 are	 often	 included	 in	 panels	 of	 “liver
function	 tests”;	 however,	 these	 tests	 are	 not	 specific	 to	 liver	 disease.
Abnormalities	in	LFTs	can	be	classified	as	being	reflective	of	either	of	the
following:

Hepatocellular	 injury,	 which	 is	 characterized	 by	 a	 predominant
elevation	in	AST,	ALT	and,	to	a	lesser	extent,	bilirubin.	Tests	of	liver
synthetic	function	may	be	normal	or	abnormal.
Cholestatic	 disorders:	 characterized	 by	 a	 predominant	 elevation	 in
alkaline	 phosphatase	 and	 possibly	 bilirubin,	with	 lesser	 elevations	 in
the	transaminases.
This	distinction	is	useful	in	the	workup	of	patients	with	abnormalities
in	LFTs,	though	significant	overlap	occurs	between	the	two	patterns.

Nonhepatic	 causes	 may	 result	 in	 elevations	 of	 many	 of	 the	 hepatic
enzymes.

Alkaline	 phosphatase	 may	 be	 elevated	 in	 diseases	 of	 the	 bone
(fractures,	 metastatic	 lesions,	 Paget	 disease,	 hyperparathyroidism),
from	 intestinal	 disorders,	 or	 from	 the	 placenta	 (pregnancy,	 uterine
disease).	Alkaline	phosphatase	 is	also	appropriately	elevated	 in	 times



of	 growth	 and	 increased	 bone	 turnover	 (i.e.,	 adolescence).	 Finally,
patients	 with	 blood	 types	 O	 or	 B	 may	 have	 elevated	 alkaline
phosphatase	 after	 a	 fatty	meal	 due	 to	 an	 influx	 of	 intestinal	 alkaline
phosphatase,	and	there	are	rare	reports	of	familial	elevation	of	alkaline
phosphatase	due	to	a	similar	mechanism.1
AST	 may	 be	 elevated	 in	 myocardial	 infarction	 or	 other	 disorders
involving	 muscle	 damage	 (where	 creatine	 kinase	 and	 aldolase	 may
also	 be	 elevated),	 thyroidal	 illness,	 Addison	 disease,	 anorexia,	 and
celiac	sprue.
Isolated	 hyperbilirubinemia	 should	 be	 classified	 as	 either
predominantly	direct	or	predominantly	indirect	hyperbilirubinemia.

Direct	hyperbilirubinemia	can	be	caused	by	an	obstruction	in	the
biliary	tree	as	well	as	Dubin-Johnson	and	Rotor	syndromes.
Indirect	 hyperbilirubinemia	 is	 caused	 by	 hemolysis,	 ineffective
hematopoiesis,	 resorption	 of	 hematomas,	 Gilbert	 disease,	 and
Crigler-Najjar	syndrome.

An	elevation	in	the	PT	and	international	normalized	ratio	(INR)	can	be
seen	 in	 liver	 disease,	 nutritional	 deficiency	 or	 malabsorption	 of
vitamin	 K,	 warfarin	 administration,	 or	 factor	 VII	 deficiency	 or
inhibitor.

A	 variety	 of	 hepatic	 and	biliary	 disorders	 (Tables	 16-1	 and	 16-2)	 cause
elevation	of	one	or	more	liver	enzymes.	These	are	discussed	further	below.
Other	distinctive	patterns	of	liver	enzyme	elevation	are	noted	below:

AST:ALT	 >2	 is	 typical	 of	 alcoholic	 injury,	 whereas	 ALT	 >	 AST	 is
typical	of	viral	injury	and	nonalcoholic	steatohepatitis	(NASH).	In	one
study,	>90%	of	patients	with	AST:ALT	>2	had	alcoholic	liver	disease,
and	this	increased	to	96%	when	the	ratio	was	>3:1.2
Transaminases	 in	 the	 thousands	 are	 generally	 seen	 with	 toxic,
ischemic,	 or	 viral	 causes.	 Alcoholic	 hepatitis	 rarely	 causes
transaminase	elevations	greater	than	several	hundred.2

TABLE	 16-1	 Differential	 Diagnosis	 of	 Hepatocellular	 Patterns	 of
Injury



TABLE	16-2	Differential	Diagnosis	of	Cholestatic	Patterns	of	Injury

DIAGNOSIS

Clinical	Presentation
History



Symptoms	 of	 malaise,	 jaundice,	 nausea,	 vomiting,	 abdominal	 pain,	 and
weight	loss	are	nonspecific	but	may	aid	in	estimating	the	onset	of	disease.
Hemochromatosis	 may	 be	 associated	 with	 diabetes,	 skin	 bronzing,
congestive	heart	failure,	arthritis,	and	hypogonadism.
Wilson	 disease	 may	 present	 with	 movement	 disorders	 and	 psychiatric
symptoms.
α1-Antitrypsin	 deficiency	 is	 associated	 with	 early	 emphysema
(emphysema	in	nonsmokers	should	raise	suspicion).
Venoocclusive	disease	 of	 the	 liver	 is	 associated	with	 several	hematologic
disorders	and	the	use	of	oral	contraceptives.
Exposure	to	blood	products	(especially	remote),	IV	drug	abuse,	tattoos,	or
close	 family	 members	 with	 hepatitis	 should	 raise	 suspicion	 of	 viral
hepatitis.	Raw	oysters	and	other	contaminated	foods	may	spread	hepatitis
A.	The	travel	history	may	be	revealing.
Autoimmune	hepatitis	(AIH)	is	most	common	in	women	<40	years	of	age
and	may	be	associated	with	thyroid	disease,	rheumatoid	arthritis,	and	other
autoimmune	disorders.
Primary	biliary	 cirrhosis	 (PBC)	 affects	mostly	middle-aged	women	 and
may	be	associated	with	several	autoimmune	disorders.	Primary	sclerosing
cholangitis	is	seen	more	commonly	in	men	and	is	strongly	associated	with
ulcerative	colitis.	Both	disorders	present	with	a	cholestatic	picture.
Ischemic	hepatitis	is	usually	seen	in	the	setting	of	a	critical	illness	such	as
respiratory	or	heart	failure.	The	vast	majority	will	also	have	some	degree	of
acute	 kidney	 injury.	 Transaminases	 are	 usually	 elevated	 in	 the	 thousands,
and	the	INR	can	also	be	markedly	elevated.3
Nonalcoholic	 steatohepatitis	 is	 commonly	 seen	 in	 obese	 patients,
diabetics,	and	patients	with	hypertriglyceridemia.
Medication	 use	 and	 toxins	 are	 important	 causes	 of	 liver	 enzyme
abnormalities	 (Table	 16-3).	 Perform	 a	 thorough	 history	 of	 alcohol	 and
medication	use	(including	herbal	preparations)	and	work	and	environmental
exposures.	 Always	 consider	 acetaminophen	 toxicity,	 especially	 in
alcoholics,	 who	 may	 suffer	 toxicity	 at	 levels	 that	 would	 otherwise	 be
tolerable.	Do	not	assume	that	liver	disease	in	an	alcoholic	is	due	to	alcohol
alone.
Family	history	should	include	inquiries	into	Wilson	disease,	α1-antitrypsin
deficiency,	and	hemochromatosis.



TABLE	16-3	 Causes	 of	Medication-Induced	 Hepatotoxicity	 (Partial
List)





Physical	Examination

Look	for	stigmata	of	chronic	liver	disease	 such	as	spider	 telangiectasias,
palmar	erythema,	testicular	atrophy,	and	gynecomastia.	Jaundice	and	ascites
may	be	seen	in	acute	or	chronic	liver	disease.
Extrahepatic	 manifestations	 of	 viral	 hepatitis	 may	 include	 arthritis	 or	 a
skin	rash.
Assess	 for	 the	 copper	 discoloration	 of	Descemet	membrane	 from	Wilson
disease	(Kayser-Fleischer	rings)	and	the	bronze	discoloration	of	the	skin
from	hemochromatosis.
Volume	overload	and	severe	congestive	heart	failure,	especially	with	severe
tricuspid	 regurgitation,	may	 result	 in	 a	congestive	hepatopathy.	 Elevated
jugular	 venous	 pressure	 and	 a	 pulsatile	 and	 markedly	 enlarged	 liver	 are
suggestive	findings.
Confusion,	 hyperreflexia,	 and	 asterixis	 can	 be	 seen	 in	 patients	 with
portosystemic	encephalopathy.

Diagnostic	Testing
Diagnostic	workup	of	abnormal	liver	enzymes	will	be	discussed	in	the	context	of
predominately	 hepatocellular	 pattern	 followed	 by	 predominately	 cholestatic
pattern.

Predominantly	Hepatocellular	Pattern

First,	 repeat	 the	 transaminases	 to	 confirm	elevation.	 If	 the	 repeat	 assay	 is
normal,	no	further	evaluation	is	indicated.	Controversy	exists	over	the	true
upper	 limit	 of	 normal	 (ULN)	 for	 ALT,	 as	 various	 laboratories	 report
different	 reference	 ranges.	One	paper	 concluded	 that	 using	 a	 lower	 cutoff
for	the	ALT	ULN	would	classify	approximately	30%	of	the	US	population
as	having	an	abnormal	value,	resulting	in	unnecessary	testing	and	increased
cost	as	the	majority	of	these	patients	either	would	have	a	negative	workup
for	causes	of	chronic	liver	disease	or	would	have	NASH.4
If	 only	AST	 is	 elevated,	 alcohol	 abuse	or	 a	 nonhepatic	 cause	of	 the	AST
elevation	should	be	considered.	If	a	medication	is	suspected	as	the	culprit,
weigh	 the	benefits	 of	 continuing	 the	drug	 against	 the	 risks	 of	 liver	 injury
(Table	16-3).	In	either	case,	serial	lab	monitoring	should	ensue.



If	history	and	physical	exam	do	not	point	to	an	obvious	cause,	then	a	cost-
effective	 stepwise	 approach	 to	 laboratory	 testing	 and	 imaging	 may	 be
undertaken.	Alternatively,	a	broader	battery	of	tests	may	be	ordered	initially
if	a	quick	diagnosis	is	essential.	An	acetaminophen	level	should	be	obtained
if	appropriate.

Initial	 laboratory	 evaluation	 should	 include	 an	 acute	 hepatitis	 panel
(hepatitis	A	IgM	virus	antibody	[Ab],	hepatitis	C	virus	Ab,	hepatitis	B
virus	surface	antigen	[Ag],	hepatitis	B	surface	Ab,	and	hepatitis	B	core
Ab).

A	combination	of	hepatitis	B	 surface	Ag	and	core	Ab	positivity
suggests	chronic	infection;	additional	testing	can	be	undertaken	to
determine	the	degree	of	viral	activity	and	replication.
The	combination	of	hepatitis	B	surface	Ab	and	core	Ab	positivity
represents	immunity.	An	isolated	positive	hepatitis	B	surface	Ab
indicates	past	immunization.
A	positive	hepatitis	C	Ab	should	prompt	further	testing	including
a	 viral	 load,	 viral	 genotyping,	 and	 possibly	 a	 liver	 biopsy	 to
assess	the	need	for	antiviral	therapy.

A	right-upper-quadrant	ultrasound	should	be	obtained	to	identify	fatty
liver,	a	biliary	obstruction,	or	mass	lesion.
Iron	 and	 total	 iron-binding	 capacity	 (TIBC)	 should	 be	 checked	 as	 a
screen	 for	 hemochromatosis.	A	 ferritin	 can	 also	 be	 obtained	 but	 is	 a
less	 specific	 test	 for	 hemochromatosis.	 The	 iron/TIBC	 equals	 the
transferrin	 saturation,	 and	 a	 value	 of	 >45%	 should	 trigger	 further
genetic	testing	and/or	a	liver	biopsy.

If	the	initial	workup	outlined	above	is	unrevealing,	additional	tests	to	search
for	other	causes	may	be	ordered.	These	include	the	following:

Antitissue	 transglutaminase	 antibodies	 and	 IgA	 levels,	 or	 upper
endoscopy	(to	evaluate	for	celiac	disease)
Thyroid-stimulating	hormone
Cortisol	 or	 cosyntropin	 stimulation	 test	 (to	 evaluate	 for	 adrenal
insufficiency)
Ceruloplasmin	(to	assess	for	Wilson	disease)
Serum	 protein	 electrophoresis	 or	 immunoglobulin	 (Ig)	 levels	 (nearly
all	 patients	 with	 autoimmune	 hepatitis	 have	 some	 degree	 of	 IgG
elevation;	also	helpful	in	α1-antitrypsin	deficiency)5
Antinuclear	 antibody	 (ANA)	 titer	 (fairly	 sensitive	 for	 autoimmune
hepatitis	but	not	specific)
Anti–smooth	 muscle	 antibodies	 (less	 sensitive	 than	 ANA	 for



autoimmune	hepatitis	 though	positive	 titers	of	both	antibodies	have	a
high	specificity)5
α1-antitrypsin	levels
Additional	viral	 serologies	may	be	 indicated	as	well,	 as	Epstein-Barr
virus,	cytomegalovirus,	and	others	can	also	cause	acute	viral	hepatitis.

If	 the	 above	 tests	 are	 unrevealing,	 then	 one	may	 consider	 a	 liver	 biopsy.
Note	 that	 a	 liver	 biopsy	 may	 also	 be	 indicated	 to	 confirm	 a	 specific
diagnosis	 or	 to	 assess	 for	 disease	 severity	 in	 patients	 with	 one	 or	 more
abnormal	 laboratory	 values	 listed	 above.	 For	 those	 with	 a	 negative
laboratory	and	imaging	workup,	the	utility	of	a	liver	biopsy	may	be	limited,
especially	for	asymptomatic	patients	with	transaminase	elevations	<2	times
the	ULN.	The	vast	majority	of	these	patients	will	have	biopsies	that	reveal
steatosis	or	steatohepatitis,	resulting	in	no	new	monitoring	or	management
recommendations.6,7

Predominately	Cholestatic	Pattern

This	 is	 an	 isolated	 elevation	 in	 alkaline	 phosphatase	 with	 or	 without
hyperbilirubinemia.
Obtain	a	β-hCG	in	the	appropriate	clinical	setting	to	exclude	pregnancy	as
a	cause.
The	patient’s	medication	list	should	be	reviewed,	as	a	number	of	drugs	may
cause	cholestasis	(Table	16-3).
Confirm	 a	 hepatic	 source	 using	 γ-glutamyl	 transferase	 levels	 and/or	 5′
nucleotidase	 (concomitant	 elevation	 suggests	 a	 hepatic	 source).	 Alkaline
phosphatase	isoenzymes	may	also	be	checked	but	are	less	readily	available.
If	 the	 elevation	 of	 the	 alkaline	 phosphatase	 is	 found	 to	 be	 from	 a	 bone
source,	subsequent	evaluation	for	primary	bone	disorders	should	follow.
If	the	elevation	is	found	to	be	from	a	liver	source,	evaluation	should	include
the	following:

A	 right-upper-quadrant	 ultrasound	 or	 abdominal	 computed
tomography	 to	 assess	 for	 liver	 parenchymal	 disease	 or	 dilated	 ducts.
Further	 testing	 with	 magnetic	 resonance	 cholangiopancreatography
(MRCP)	 or	 with	 endoscopic	 retrograde	 cholangiopancreatography
(ERCP)	may	be	necessary.
Antimitochondrial	antibodies	(AMA)	to	assess	for	PBC.	AMA	have	a
sensitivity	and	specificity	of	~95%.8	As	many	as	10%	of	patients	may
have	an	overlap	AIH/PBC	syndrome.9
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Primary	 sclerosing	 cholangitis	 is	 suspected	 in	 a	 patient	 with
inflammatory	bowel	disease	and	is	best	diagnosed	by	MRCP	or	ERCP.
AMA	 are	 generally	 negative,	 though	 ANA	 and	 antineutrophil
cytoplasmic	antibodies	may	be	present.

If	 the	 above	 workup	 is	 unrevealing,	 a	 liver	 biopsy	 may	 be	 indicated,
especially	 if	 the	 alkaline	 phosphatase	 is	 consistently	 50%	 more	 than	 the
ULN.
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GENERAL	PRINCIPLES
Acute	kidney	injury	(AKI)	refers	to	a	rapid	decline	in	glomerular	filtration
rate	 (GFR)	 that	occurs	over	hours	 to	days.	 It	 is	associated	with	a	 reduced
ability	to	excrete	nitrogenous	metabolic	waste	such	as	blood	urea	nitrogen
(BUN)	and	creatinine.
AKI	 replaces	 the	historic	 term	acute	 renal	 failure	 to	highlight	 the	concept
that	 acute	 changes	 in	 renal	 function	 can	 have	 a	 profound	 impact	 on	 the
patient	even	in	the	absence	of	overt	renal	failure.

Definition
The	Acute	Kidney	Injury	Network	(AKIN)	defines	AKI	as	an	abrupt	(within	48
hours)	 reduction	 in	 kidney	 function:	 rise	 in	 serum	 creatinine	 (SCr)	 by	 ≥0.3
mg/dL,	 a	 percentage	 increase	 in	 SCr	 of	 ≥50%	 from	 baseline,	 or	 documented
oliguria	of	<	0.5	mL/kg/h	for	more	than	6	hours.1

Classification
The	AKIN	group	has	also	published	a	classification	or	staging	system	for	AKI
(Table	17-1).1

TABLE	17-1	Classification/Staging	of	Acute	Kidney	Injury



aOnly	one	criterion	has	to	be	fulfilled	to	qualify	for	a	stage.
bIndividuals	 who	 receive	 renal	 replacement	 therapy	 are	 considered	 to	 have	 met	 the	 criteria	 for	 stage	 3
irrespective	of	the	other	criteria.
SCr,	serum	creatinine.

Adapted	from	Mehta	RL,	Kellum	JA,	Shah	SV,	et	al.	Acute	Kidney	Injury	Network:	report	of	an	initiative
to	improve	outcomes	in	acute	kidney	injury.	Crit	Care	2007;11:R31.

Etiology
The	causes	of	AKI	can	be	divided	into	three	broad	categories:

Prerenal	azotemia,	the	most	common	cause	of	renal	failure	in	the	hospital,
results	 from	 the	 kidney’s	 normal	 physiologic	 response	 to	 a	 decrease	 in
effective	perfusion	of	its	vasculature.	The	causes	include	the	following:

Hypovolemia
Heart	failure
Decompensated	cirrhosis
Hypotension
Medications	such	as	angiotensin-converting	enzyme	(ACE)	inhibitors,
angiotensin	 receptor	 blockers,	 and	 nonsteroidal	 anti-inflammatory
drugs	 (NSAIDs),	 through	 alteration	 of	 intrarenal	 blood	 flow,	 also
contribute	to	prerenal	azotemia.

Postrenal	 azotemia	 is	 due	 to	 obstruction	 (intrinsic	 or	 extrinsic)	 of	 the
urinary	 tract.	 AKI	 due	 to	 postrenal	 causes	 must	 involve	 both	 kidneys
(unless	 the	 patient	 has	 only	 a	 solitary	 kidney	 or	 baseline	 poor	 renal
function).	The	most	common	causes	include	the	following:

The	prostate	(benign	prostatic	hyperplasia	and	prostatic	carcinoma)
The	cervix	(cervical	carcinoma)
Catheters



Bilateral	stones
Retroperitoneal	fibrosis
Neurogenic	bladder

Intrinsic	 azotemia	 is	 characterized	 by	 disease	 affecting	 the	 renal
parenchyma	 itself,	 the	 causes	of	which	can	be	divided	 into	 the	portion	of
the	kidney	affected.

Vasculature:	 Vessel	 at	 all	 levels	 of	 the	 renal	 vascular	 system	 may
cause	AKI.	Large	vessels	(atheroembolic	disease,	renal	artery	stenosis,
renal	 artery	 dissection,	 aortic	 diseases),	 small	 vessels	 (vasculitides,
thrombotic	 angiopathies),	 and	 veins	 (renal	 vein	 thrombosis)	 may	 all
cause	AKI.
Tubules:	 Tubular	 injury	 may	 be	 due	 to	 ischemia	 or	 toxins.	 Renal
hypoperfusion	 may	 cause	 prerenal	 azotemia;	 when	 prolonged	 or
severe,	it	can	cause	acute	tubular	necrosis	(ATN).	ATN	may	also	result
from	medications	 (e.g.,	aminoglycosides,	 radiographic	contrast),	or	 it
may	be	due	to	endogenous	(e.g.,	crystals,	myoglobin,	hemoglobin)	or
exogenous	 (radiographic	 contrast)	 toxins.	 Urinary	 sediment	 will
contain	coarse	granular	casts	or	large	muddy-brown	casts.
Interstitium:	 Acute	 interstitial	 nephritis	 (AIN)	 is	 seen	 most
commonly	 in	 the	setting	of	an	allergic	 reaction	 to	medications,	but	 it
can	also	result	from	autoimmune	disease	and	infection.	Common	drug
causes	include	the	semisynthetic	penicillins	(methicillin	and	nafcillin)
and	sulfa	drugs,	but	any	medication	can	be	a	culprit.	Onset	may	occur
days	after	drug	initiation	or	after	months	of	use.	This	condition	is	often
associated	 with	 a	 skin	 rash,	 peripheral	 eosinophilia,	 and
eosinophiluria.
Glomeruli:	 Acute	 glomerulonephritis	 is	 relatively	 uncommon	 but	 is
characterized	 by	 hematuria,	 oliguria,	 and	 hypertension	 (HTN).
Examination	of	 the	urine	 sediment	will	 usually	 reveal	 red	blood	 cell
(RBC)	casts	and	dysmorphic	RBCs.2

DIAGNOSIS

Clinical	Presentation



It	is	important	to	determine	whether	a	patient	with	an	abnormal	creatinine	truly
has	 AKI	 or	 whether	 the	 abnormality	 is	 longer	 standing	 (i.e.,	 chronic).	 Some
clues	to	differentiating	acute	from	chronic	kidney	disease	include	the	following:

Previous	 creatinine:	 If	 prior	 serum	 creatinine	measurements	 are	 similar,
then	the	patient	likely	has	chronic	rather	than	acute	kidney	disease.
Renal	 size:	 Patients	 with	 chronic	 renal	 failure	 tend	 to	 have	 bilaterally
shrunken	 kidneys,	 whereas	 renal	 size	 is	 usually	 normal	 in	 acute	 failure.
Some	 exceptions	 are	 diabetic	 nephropathy,	 polycystic	 kidney	 disease,
myeloma	 kidney,	 amyloidosis,	 and	 nephropathy	 due	 to	 human
immunodeficiency	virus	(HIV),	in	which	renal	size	is	normal	or	increased.
Anemia:	Patients	with	a	GFR	<30	mL/min	and	chronic	kidney	disease	tend
to	 be	 anemic	 secondary	 to	 decreased	 erythropoietin	 production.	 One
exception	 is	 chronic	 renal	 failure	 from	 autosomal	 dominant	 polycystic
kidney	disease,	in	which	patients	are	typically	not	anemic.
Renal	osteodystrophy:	Patients	with	prolonged	chronic	 renal	 failure	may
have	 evidence	 of	 renal	 osteodystrophy.	 The	 clavicles	 and	 wrists	 are
common	sites	at	which	changes	are	seen.

History
The	 history	 can	 also	 provide	 important	 clues	 to	 the	 likely	 cause	 of	AKI.	Key
elements	of	the	history	include	the	following:

Fluid	balance:	dehydration	from	vomiting,	diarrhea,	or	poor	oral	intake.	A
chart	 review	 to	assess	 for	hypotension,	 inputs	 (e.g.,	oral	or	 IV	 fluids)	and
outputs	 (e.g.,	 gastrointestinal,	 urinary),	 as	 well	 as	 weight	 change	 can	 be
helpful.
Symptoms	of	volume	depletion:	orthostasis
Poorly	 controlled	 diabetes	 mellitus,	 especially	 those	 who	 are	 insulin
dependent,	may	have	glycosuria	and	osmotic	diuresis.
Recent	trauma:	crush	injuries	(rhabdomyolysis)
Recent	infections:	pharyngitis	(poststreptococcal	glomerulonephritis),	upper
respiratory	 infection	 (IgA	 nephropathy),	 sinusitis	 (Granulomatosis	 with
polyangiitis),	and	bloody	diarrhea	(hemolytic	uremic	syndrome)
Hemoptysis:	 lupus,	 granulomatosis	 with	 polyangiitis,	 Goodpasture’s,	 and
endocarditis
Urine	appearance:	hematuria	(glomerulonephritis	or	nephrolithiasis)
Rashes:	allergic,	interstitial	nephritis,	vasculitis,	or	autoimmune



Medication	history:	allergic	 interstitial	nephritis,	NSAID	nephropathy,	and
nephrotoxins.	Anticholinergics	(e.g.,	tricyclic	antidepressants	[TCAs])	may
cause	urinary	retention	and	postrenal	failure.
Toxic	ingestions	(e.g.,	polyethylene	glycol)
Recent	procedure	involving	the	aorta	or	other	large	vessels	(atheroembolic
disease,	ischemia)
Recent	IV	contrast	administration
Social	history:	IV	drug	abuse	(HIV,	hepatitis,	endocarditis)
Medical	 history:	 chronic	 kidney	 disease	 and	 AKI	 are	 closely
interconnected.	Patients	with	chronic	kidney	disease	are	more	prone	to	AKI
than	the	general	population.3

Physical	Examination

Determine	 whether	 the	 patient	 is	 oliguric	 (0.5	 mL/kg/h	 for	 more	 than	 6
hours)	 or	 anuric	 (<100	 mL/d).	 Anuria	 should	 raise	 the	 possibility	 of
obstructive	uropathy,	occlusion	of	the	renal	arteries,	or	severe	ATN/cortical
necrosis.
Volume	status	is	critical	for	both	diagnosis	(to	identify	a	prerenal	state)	and
fluid	 management.	 Assess	 volume	 status	 with	 orthostatic	 vital	 signs,
examination	of	 jugular	venous	pressure,	 skin	 turgor,	moistness	of	mucous
membranes,	and	axillary	sweat.
Examine	 the	 fundi	 in	 diabetics	 with	 chronic	 renal	 insufficiency.	 It	 is
unusual	to	develop	diabetic	nephropathy	without	retinopathy.	Retinal	exam
may	 also	 reveal	 the	 bright-orange	 arteriolar	 changes	 of	 atheroembolic
disease	(Hollenhorst	plaque).
The	cardiac	examination	may	reveal	a	pericardial	rub,	indicative	of	uremic
pericarditis.	 It	 is	 important	 to	 look	 for	signs	of	congestive	heart	 failure	or
cirrhosis	 as	 a	 cause	 of	 decreased	 renal	 perfusion.	 Listen	 for	 systolic–
diastolic	abdominal	bruits,	which	may	be	audible	with	renal	artery	stenosis.
Palpate	 and	 percuss	 the	 suprapubic	 region	 for	 an	 enlarged	 bladder	 (from
prostatic	obstructive	uropathy)	and	the	abdomen	for	enlarged	kidneys.
Evaluate	 for	 musculoskeletal	 trauma	 or	 signs	 of	 myopathy	 that	 could	 be
culprit	in	rhabdomyolysis.
Skin	exam	may	reveal	evidence	of	vasculitis,	lupus,	livedo	reticularis	(from
cholesterol	emboli),	drug	rash,	or	peripheral	stigmata	of	endocarditis.
A	 pelvic	 and	 prostate	 exam	 may	 identify	 a	 source	 of	 urinary	 tract
obstruction.	 In	 the	 neurologic	 examination,	 it	 is	 important	 to	 look	 for



evidence	of	uremic	encephalopathy	with	confusion	and	sometimes	asterixis.

Diagnostic	Testing
Laboratories

The	 urinalysis	 (UA),	 including	 a	 microscopic	 examination	 of	 urinary
sediment,	is	the	single	most	important	test	in	evaluating	AKI.

The	sediment	in	prerenal	AKI	tends	to	be	acellular	but	may	consist	of
hyaline	casts,	which	are	found	in	normal	concentrated	urine.
Pigmented	granular	and	tubular	cell	casts	are	found	in	ATN.
Red	cell	casts	are	found	in	glomerular	disease.
White	cell	casts	are	found	in	interstitial	AKI.
The	 finding	 of	 eosinophils	 in	 urine	 suggests	 allergic	 interstitial	 or
atheroembolic	 disease.	 Eosinophils	 are	 better	 visualized	 with	 the
Hansel	stain	than	with	the	Wright	stain.
Urinary	 crystals	 are	 found	 with	 certain	 exposures	 (e.g.,	 acyclovir,
ethylene	glycol)	and	acute	uric	acid	nephropathy.

Laboratory	 data	 should	 also	 include	 electrolytes,	 a	 complete	 blood	 count
(CBC),	 urine	 electrolytes,	 and	 creatine	 kinase.	 Peripheral	 eosinophilia
should	raise	the	possibility	of	allergic	interstitial	nephritis	or	atheroembolic
disease.
Figure	 17-1	 is	 a	 simple	 algorithm	 that	 may	 be	 followed	 in	 assessing
someone	 with	 AKI.	 This	 algorithm	 assumes	 that	 patients	 are	 not	 on
diuretics.

The	 fractional	 excretion	 of	 sodium	 (FENa)	 is	most	 useful	 in	 patients
who	 have	 acute	oliguric	 (0.5	mL/kg/h	 for	more	 than	 6	 hours)	 renal
failure.	A	FENa	<1%	is	consistent	with	a	prerenal	state.
%	FENa	=	[(urine	Na/plasma	Na)/(urine	creatinine/plasma	creatinine)]
×	100.
If	 the	patient	 is	on	a	diuretic,	 the	fractional	excretion	of	urea	may	be
substituted.	A	FEurea	<35%	is	indicative	of	prerenal	azotemia.
%	 FEurea	 =	 [(urine	 urea	 nitrogen/blood	 urea	 nitrogen)/(urine
creatinine/plasma	creatinine)]	×	100.4
The	serum	creatinine	is	not	a	useful	surrogate	marker	of	GFR	in	AKI,
and	 Cockgraft-Gault	 or	 other	 equations	 used	 to	 calculate	 creatinine
clearance	should	be	avoided.	The	creatinine	in	acute	rapid-onset	renal



failure	 may	 lag	 far	 behind	 its	 estimation	 of	 renal	 function.5	 A
creatinine	 that	 increases	 by	 1	mg/dL/d	 is	 called	 an	 anephric	 rise,	 or
roughly	the	amount	that	an	average	person’s	creatinine	would	increase
in	a	noncatabolic	state	with	a	GFR	of	0	mL/min.	Therefore,	a	patient
whose	 creatinine	 rises	 from	 2	 to	 3	 mg/dL	 may	 have	 a	 creatinine
clearance	of	0	mL/min.6

FIGURE	 17-1	 A	 simple	 algorithm	 for	 evaluating	 acute	 kidney	 injury.	 ATN,
acute	tubular	necrosis.

Imaging
A	renal	ultrasound	is	helpful	in	assessing	kidney	size	and	excluding	obstruction
of	the	urinary	tract.

Diagnostic	Procedures
It	is	important	to	assess	for	obstruction	at	the	bladder	outlet	in	men	by	placing	a



Foley	catheter.	A	normal	urine	output	does	not	exclude	obstruction.

TREATMENT
The	treatment	of	AKI	is	determined	by	its	etiology.
Important	 aspects	 in	 the	 management	 of	 AKI	 include	 avoidance	 of
nephrotoxic	 agents;	 the	 acute	 treatment	 of	 hyperphosphatemia,
hyperkalemia,	and	metabolic	acidosis;	and	maintaining	a	euvolemic	state.
Furosemide	 to	 convert	 a	 patient	 to	 nonoliguric	 renal	 failure	 has	 not	 been
shown	to	affect	prognosis	but	may	help	with	fluid	management.
Except	in	cases	of	hypotension	or	cardiogenic	shock,	dopamine	has	also	not
been	shown	to	affect	outcomes	of	renal	function	and	may	hold	an	increased
risk	of	arrhythmias	compared	to	other	vasopressor	medications.7
Whenever	possible,	avoid	administration	of	intravenous	contrast	to	patients
with	AKI.
One	 should	 strive	 to	 maximize	 renal	 perfusion	 as	 well.	 Avoid
hypotension,	 and	 keep	 the	 patient	 well	 hydrated.	 Correct	 intravascular
volume	loss	with	preference	to	isotonic	crystalloid	intravenous	fluids	rather
than	 colloids.8	 Loop	 diuretics	 are	 useful	 for	 management	 of	 volume
overload	but	otherwise	are	not	considered	a	treatment	for	AKI.9	Remember
to	adjust	medication	doses	for	changing	renal	function.
Since	many	of	 the	causes	of	AKI	are	 readily	 reversible,	 it	 is	 important	 to
establish	 a	 prompt	 diagnosis	 and	 treat	 the	 previously	 mentioned	 acute
complications.	Renal	 replacement	 therapy	(e.g.,	hemodialysis)	 is	 indicated
in	the	following	situations:

Hyperkalemia	or	acidosis	is	refractory	to	medical	management.
There	is	evidence	of	volume	overload	(pulmonary	edema).
There	are	symptoms	of	uremia	(encephalopathy,	pericarditis,	etc.).10

Renal	 failure	 from	ATN	is	classically	associated	with	a	peak	creatinine	at
8–14	 days,	 although	 there	 is	 wide	 variation.	 Most	 patients	 will	 recover
adequate	renal	function	within	6	weeks.	Patients	may	experience	a	rebound,
polyuric	phase	with	the	relief	of	an	obstructive	process	or	recovery	of	renal
function	 following	 ATN.	 Close	 attention	 to	 electrolyte	 levels	 and	 fluid
balance	is	imperative.11



SPECIAL	CONSIDERATIONS
Additional	considerations	in	postoperative	renal	failure	include	the	following:

Examine	the	intraoperative	flow	sheet	carefully	for	episodes	of	hypotension
during	surgery.	Intraoperative	renal	hypoperfusion	is	the	most	common
cause	of	postoperative	renal	 failure.	Because	 of	 high	 vasopressin	 levels
due	 to	 anesthesia	 and	 surgical	 stress,	most	 patients	will	 have	 a	 decreased
urine	output	with	concentrated	urine	 for	a	 few	hours	after	 surgery	despite
adequate	renal	blood	flow	and	renal	function.12
Patients	 with	 cardiopulmonary	 bypass	 are	 at	 high	 risk	 of	 renal	 failure
proportional	 to	 the	duration	of	cardiopulmonary	bypass	or	cross	clamping
of	 the	 aorta	 above	 the	 renal	 arteries.	 Preoperative	 placement	 of	 an	 intra-
aortic	balloon	pump	increases	likelihood	of	AKI	postoperatively.13
Consider	 mechanical	 obstruction	 of	 the	 ureter	 or	 bladder	 by	 inadvertent
ligation,	hematomas,	 abscess,	 or	 (in	 the	 case	of	urologic	 surgery)	ureteral
edema.
In	patients	who	are	immobilized	in	awkward	positions	during	surgery	(e.g.,
urologic	 surgery,	 hip	 arthroplasty),	 consider	 rhabdomyolysis	 and
myoglobinuric	 renal	 failure.	 Approximately	 one-third	 of	 patients	 with
rhabdomyolysis	 develop	 ATN.	 Hyperphosphatemia,	 hyperkalemia,
hyperuricemia,	and	hypocalcemia	out	of	proportion	to	renal	failure	may	be
clues.	 Tea-colored	 urine	 that	 is	 dipstick	 positive	 for	 blood	 but	 without
RBCs	on	microscopy	 is	highly	 suggestive	of	 the	diagnosis.	Evaluate	with
serum	 myoglobin	 or	 creatine	 kinase.	 Copious	 IV	 fluids	 are	 paramount.
Mannitol	and	urinary	alkalinization	have	been	recommended	in	the	past	but
have	not	clearly	demonstrated	benefit.14
Identify	 any	 history	 of	 IV	 dye	 administration	 in	 patients	 at	 high	 risk	 for
dye-induced	 renal	 failure,	 who	 are	 those	 with	 poor	 renal	 perfusion
(congestive	 heart	 failure,	 volume	 depletion),	 diabetes	 mellitus,	 chronic
renal	insufficiency,	or	multiple	myeloma.	Contrast-induced	nephropathy
will	 have	 UA	 and	 urine	 electrolyte	 changes	 that	 are	 usually
indistinguishable	from	prerenal	failure.	Rarely,	there	may	be	a	concomitant
mild	ATN.	Initial	rise	in	creatinine	is	within	48	hours	of	dye	administration,
peaking	 at	 about	 3–4	 days	 and	 then	 normalizing	 in	 1	 week.	 The	 best
“treatment”	is	prevention	by	ensuring	that	patients	at	risk	are	well	hydrated
before	 contrast	 administration.15	 The	 role	 of	 oral	 N-acetylcysteine	 in
preventing	dye	nephropathy	is	not	well	established,16	though	it	may	be	used
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in	 patients	 at	 increased	 risk.8	 There	 is	 no	 indication	 for	 prophylactic
hemodialysis	in	patients	at	risk	for	contrast-induced	nephropathy.17
Patients	 who	 have	 had	 intravascular	 manipulation	 (e.g.,	 aortic	 surgeries,
cardiac	 catheterizations)	 may	 suffer	 from	 renal	 failure	 due	 to	 cholesterol
emboli	or	atheroembolus.	Cholesterol	emboli	may	also	occur	spontaneously
or	 with	 anticoagulation	 in	 patients	 with	 aortic	 atherosclerosis.	 Livedo
reticularis,	 blue	 toes,	 and	 bright-orange	 retinal	 arterioles	may	 be	 evident.
Blood	eosinophil	counts	are	often	high,	complements	are	usually	low,	and
UA	 may	 resemble	 prerenal	 failure.	 Biopsy	 of	 skin	 lesions	 may	 be
diagnostic.	Classically,	the	loss	of	renal	function	is	stepwise.	Prognosis	for
renal	recovery	is	dismal.18
Recognize	the	abdominal	compartment	syndrome.	This	presents	in	patients
with	 severe	 pelvic	 or	 abdominal	 trauma	 and	 in	 those	 who	 develop	 large
intra-abdominal	 fluid	 collections	 (ruptured	 abdominal	 aortic	 aneurysm,
retroperitoneal	bleed,	pancreatitis,	following	the	reduction	of	a	large	hernia,
massive	 ascites,	 etc.).	 Clinically,	 they	 develop	 distended,	 usually	 tense
abdomens.	Renal	failure	develops	owing	to	decreased	cardiac	output	(from
decreased	 blood	 return)	 and	 increased	 pressure	 on	 the	 renal	 parenchyma
and	 vasculature.	 Respiratory	 compromise	may	 also	 develop.	Diagnosis	 is
suggested	by	elevated	intra-abdominal	pressures,	usually	measured	through
a	Foley	 catheter.	Normal	 intra-abdominal	pressure	 is	<5	mm	Hg	 (oliguria
develops	 at	 >15	 mm	 Hg,	 anuria	 at	 >30	 mm	 Hg).	 Treatment	 involves
surgical	decompression.19
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HYPERKALEMIA

GENERAL	PRINCIPLES
Hyperkalemia	is	a	plasma	potassium	level	>5.0	mmol/L.	Although	this	condition
is	 often	 asymptomatic,	 neuromuscular	 weakness	 and	 cardiac	 conduction
abnormalities	 may	 occur	 with	 increasing	 levels	 of	 serum	 potassium	 and
concomitantly	decreased	transmembrane	potentials.

The	 systematic	 consideration	 of	 hyperkalemia	 includes	 a	 review	 of
potassium	intake,	transcellular	shifts,	and	changes	in	excretion,	particularly
from	the	kidney.
Causes	are	often	multifactorial,	but	acute	and	chronic	 renal	 impairment	 is
usually	the	common	underlying	etiology	due	to	the	kidneys’	central	role	in
maintaining	potassium	homeostasis.
Medications	 inhibiting	 the	 renal	 angiotensin	 aldosterone	 system	 (RAAS)
are	 another	 common	 etiology;	 management	 of	 these	 medications	 in	 the
setting	 of	 hyperkalemia	 can	 be	 difficult	 given	 their	 significant	 long-term
benefit	 in	 cardiovascular	 disease,	 diabetes	 mellitus,	 and	 chronic	 kidney
disease.
Differential	 diagnoses	 of	 hyperkalemia	 and	 hypoaldosteronism	 are
addressed	in	Tables	18-1	and	18-2,	respectively.

TABLE	18-1	Causes	of	Hyperkalemia



TABLE	18-2	Causes	of	Hypoaldosteronism



ACE,	 angiotensin-converting	 enzyme;	 HIV/AIDS,	 human	 immunodeficiency	 virus/acquired
immunodeficiency	syndrome;	NSAIDs,	nonsteroidal	anti-inflammatory	drugs.

DIAGNOSIS

Clinical	Presentation
History

Dietary:	 Increased	 potassium	 intake	 may	 be	 due	 to	 unwitting	 use	 of
potassium-containing	 salt	 substitutes	 or	 drinking	 water	 softened	 with
potassium	 salts.	 Foods	 such	 as	 oranges,	 bananas,	 spinach,	 tomatoes,
potatoes,	dried	fruits,	and	nuts	are	high	in	potassium,	and	juices	from	these
foods	can	be	especially	potassium	rich.
Review	of	medications:	Particular	attention	should	be	paid	to	angiotensin-
converting	 enzyme	 (ACE)	 inhibitors,	 angiotensin	 receptor	 blockers,	 and
aldosterone	 antagonists.	 Other	 common	 etiologies	 include	 β-blockers,
nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs),	 potassium	 supplements,
trimethoprim,	pentamidine,	and	heparin.	Some	drug	 infusions	(penicillins)
may	also	contain	potassium.
Marked	cellular	injury	such	as	tumor	lysis	syndrome	or	large	crush	injuries
can	 result	 in	 significant	 release	 of	 intracellular	 potassium	 well	 as	 acute
kidney	 injury.	 Massive	 blood	 transfusions	 of	 unwashed	 RBCs	 can	 also



contribute	to	hyperkalemia	especially	in	the	setting	of	rapid	transfusion.1
Past	medical	 history:	 The	 presence	 of	diabetes	may	 suggest	 concomitant
development	 of	 hyporeninemic	 hypoaldosteronism	 and	 type	 IV	 renal
tubular	 acidosis.	 In	 patients	 with	 sickle	 cell	 disease	 and	 those	 with
obstructive	 uropathy,	 aldosterone	 resistance	 may	 cause	 hyperkalemia.
Underlying	kidney	disease	should	be	assessed.

Physical	Examination
The	 physical	 exam	 should	 focus	 on	 the	 neurologic	 system	 for	 new-onset
generalized	muscle	weakness;	its	presence	necessitates	immediate	treatment	for
hyperkalemia	to	prevent	progression	to	flaccid	paralysis.

Diagnostic	Testing
Laboratories

A	 rapid	 confirmation	 of	 extracellular	K+	 level	 can	 be	 done	 on	 an	 arterial
blood	 gas	 (ABG)	 sample	 if	 the	 diagnosis	 is	 in	 doubt;	 elevated	 potassium
due	to	measurement	error	is	called	pseudohyperkalemia.
Serum	creatinine	should	be	obtained	to	evaluate	renal	function.
Previously,	 if	 the	 cause	 of	 hyperkalemia	 is	 not	 apparent	 from	history	 and
hypoaldosteronism	 is	 suspected,	 an	 evaluation	 of	 urinary	 potassium
excretion	 through	calculating	 the	 transtubular	 potassium	gradient	 (TTKG)
was	thought	to	be	helpful.	However,	one	of	the	core	assumptions	on	which
the	formula	was	based	was	shown	to	be	inaccurate,	and	thus	its	calculation
is	no	longer	routinely	recommended.2
Instead,	 workup	 in	 suspected	 hypoaldosteronism	 should	 include	 plasma
renin,	aldosterone,	and	morning	cortisol	levels	(sample	should	be	collected
after	 the	 patient	 has	 been	 upright	 for	 at	 least	 3	 hours	 or	 after	 the
administration	 of	 furosemide	 the	 previous	 evening	 and	 again	 in	 the
morning).	 The	 different	 levels	 will	 help	 differentiate	 primary	 adrenal
insufficiency	from	hyporeninemic	hypoaldosteronism.	A	low	cortisol	level
implies	 adrenal	 insufficiency.	 See	 Table	 18-3	 for	 interpretation	 of
renin/aldosterone	ratio	levels.

TABLE	18-3	Renin	and	Aldosterone	Levels	with	Hyperkalemia	and	a



Low	TTKG

↑,	increased;	↓,	decreased.

Electrocardiography

ECG	 evaluation	 is	 paramount	 in	 determining	 the	 urgency	 of	 treatment	 in
hyperkalemia.	Although	there	may	be	marked	interpatient	variability	in	the
relationship	between	K+	levels	and	ECG	changes,	severe	hyperkalemia	with
ECG	changes	constitutes	a	clinical	emergency.
EKG	findings	include	the	following:

Peaked	 T	 waves	 and	 shortened	 QT	 interval	 (usually	 at	 [K+]	 >	 6
mmol/L).
Prolonged	PR	interval,	loss	of	P	wave,	and	QRS	widening	(usually	at
[K+]	≥	7–8	mmol/L).	Bradyarrhythmias	can	occur.
The	 final	 stages	 include	 a	 sine	 wave	 pattern,	 which	 can	 degenerate
rapidly	to	ventricular	fibrillation	or	asystole	if	left	untreated.

All	patients	with	K	>	6	should	be	monitored	on	telemetry.	Repeat	potassium
should	 be	 checked	 within	 2	 hours	 of	 treatment	 to	 monitor	 treatment
response.

TREATMENT
Potassium	 levels	>7	mmol/L	 require	close	clinical	and	cardiac	monitoring
and	often	 indicate	 the	need	 for	 acute	 treatment.	The	 immediate	goal	 is	 to
promote	 the	 stabilization	 of	 the	 cell	 membrane	 potential,	 followed	 by
therapy	 directed	 at	 moving	 potassium	 intracellularly	 and	 restoring	 the
membrane	potassium	gradient.
Temporary	 potassium-lowering	 therapy	 includes	 insulin,	 β2-adrenergic



agents,	 and	 sodium	 bicarbonate;	 these	 agents	 promote	 the	 rapid
redistribution	of	potassium	into	the	intracellular	space	but	do	not	decrease
total	 body	 potassium	 levels.	 Definitive	 management	 requires	 potassium
excretion	through	the	GI	tract	or	kidneys,	or	removal	through	dialysis.	All
patients	 with	 severe	 hyperkalemia	 should	 be	 monitored	 on	 telemetry.
Dietary	 elements	 and	 any	 medications	 that	 could	 be	 contributing	 to
hyperkalemia	should	be	discontinued	as	appropriate.
Temporizing	medications	include	the	following:

Calcium	gluconate	 (1	g	 [10	mL	of	a	10%	solution]	given	IV	over	2
minutes)	 should	 be	 given	 to	 stabilize	 the	membrane	 cell	 potential	 in
cases	 of	 hyperkalemia	 associated	 with	 severe	 weakness	 or	 marked
ECG	changes.	The	dose	is	repeated	again	in	several	minutes	if	there	is
no	clinical	improvement.
Insulin	 can	 be	 given	 as	 a	 dose	 of	 10	U	 of	 regular	 insulin	 IV,	 along
with	 25–50	 g	 of	 dextrose	 (1–2	 ampules	 of	 D50).	 If	 the	 patient	 is
already	 hyperglycemic	 (>250	 mg/dL),	 insulin	 can	 be	 given	 alone.
Treatment	effects	 should	be	 seen	by	30	minutes–1	hour	and	 lasts	 for
several	hours,	with	an	expected	decrease	of	1–1.5	mmol/L.
β2-adrenergic	agents,	namely	albuterol,	is	classically	given	in	a	dose
of	10–20	mg	in	4	mL	by	nebulizer	over	10	minutes.	Onset	of	action	is
similar	to	insulin.
Sodium	 bicarbonate	 is	 given	 as	 one	 ampule	 (8.4%	 solution	 [100
mmol	NaHCO3	in	100	mL]	=	4.2	g	NaHCO3	=	50	mEq	HCO3

−	in	50
mL)	 IV	 over	 several	 minutes.	 The	 onset	 and	 duration	 of	 effect	 are
approximately	 the	 same	 as	 with	 insulin.	 The	 utility	 has	 come	 under
question	 and	 is	 likely	 only	 efficacious	 in	 patients	 with	 acidemia.	 In
patients	with	end-stage	renal	disease,	the	effect	is	limited	and	notably
also	provides	a	significant	sodium	load	(~1150	mg).
Loop	diuretics	such	as	furosemide	administered	as	40	mg	IV	per	dose
will	 cause	 forced	diuresis	 and	 salt	wasting	 in	 those	with	 some	 intact
renal	 function.	 Higher	 doses	 are	 likely	 needed	 in	 those	 who	 have
underlying	chronic	kidney	disease.
Cation-exchange	resins	 (sodium	polystyrene),	administered	orally	or
rectally,	 can	 be	 used	 to	 eliminate	 excess	 potassium	 by	 exchanging
potassium	 for	 sodium	 in	 the	 GI	 tract.	 Sorbitol	 is	 added	 to	 reduce
constipation	 and	 intestinal	 blockage.	 The	 usual	 oral	 dose	 is	 15	 g	 by
mouth	 in	 20%	 sorbitol,	 given	 every	 6	 hours	 as	 needed.	 Notably,
sodium	 polystyrene	 takes	 many	 hours	 to	 take	 effect,	 and	 over	 the



years,	 its	 efficacy	 and	 safety	 have	 come	 under	 question.	 There	 is	 a
significant	 risk	 of	 upper	GI	 ulcers	 and	 bowel	 necrosis,	 especially	 in
patients	with	decreased	GI	motility	or	perfusion.3	Sodium	polystyrene
should	 therefore	 be	 avoided	 in	 postoperative	 patients	 and	 in	 those
requiring	 vasopressors.	 Each	 gram	 will	 remove	 up	 to	 1	 mmol	 of
potassium.
New	novel	potassium	binders	are	under	development	and	have	shown
early	 promise.4	 In	 October	 2015,	 the	 FDA	 approved	 the	 use	 of
patiromer	 to	 treat	hyperkalemia,	 though	it	comes	with	a	box	warning
since	 it	can	bind	other	orally	administered	drugs.	The	clinical	 impact
of	these	medications	is	currently	still	unclear.
Hemodialysis	 is	 used	 when	 hyperkalemia	 is	 not	 responsive	 to	 the
usual	 measures	 or	 when	 an	 extremely	 high	 [K+]	 associated	 with
significant	 ECG	 changes	 or	 severe	 weakness	 is	 present.	 Predialysis
treatment	should	be	limited	to	a	dose	of	calcium	gluconate	and	a	single
agent,	 such	 as	 insulin,	 since	 further	 intracellular	 shift	 can	 limit	 the
amount	of	potassium	removed	during	dialysis.

For	chronic	management	of	aldosterone	deficiency,	fludrocortisone	given	as
a	 starting	 dose	 of	 0.1	 mg	 daily	 can	 be	 considered.	 Side	 effects	 include
hypertension	and	sodium	retention.

HYPOKALEMIA

GENERAL	PRINCIPLES
Hypokalemia	 is	defined	as	a	plasma	potassium	level	<3.5	mmol/L.	When	mild
(3–3.5	 mmol/L),	 the	 diagnosis	 is	 usually	 an	 incidental	 finding	 on	 routine
laboratory	 testing.	 Severe	 hypokalemia	 (<3	 mmol/L),	 however,	 is	 often
symptomatic.	 Since	 potassium	 is	 primarily	 an	 intracellular	 ion,	 a	 decrease	 in
serum	 potassium	 could	 represent	 a	 significant	 decrease	 in	 whole	 body
potassium.

Causes	 of	 hypokalemia	 are	 listed	 in	 Table	 18-4;	 they	 include	 decreased
intake,	 intracellular	 shift,	 increased	 excretion,	 and	 occasionally



hypomagnesemia.	 Table	 18-5	 lists	 causes	 of	 primary	 or	 apparent
hyperaldosteronism	that	can	contribute	to	hypokalemia.

TABLE	18-4	Causes	of	Hypokalemia

TABLE	18-5	Primary	or	Apparent	Excess	Aldosterone



DIAGNOSIS

Clinical	Presentation
History
The	clinical	findings	may	reveal	the	following:

Use	 of	 drugs	 that	 cause	 excessive	 loss	 of	 potassium	 (overt	 or	 covert),
such	as	thiazides,	loop	diuretics,	and	laxatives.
Use	 of	 drugs	 that	 shift	 potassium	 into	 cells:	 insulin,	 prolonged
bronchodilator	 use,	 and	 phosphodiesterase	 inhibitors	 such	 as	 theophylline
and	caffeine.
Administration	 of	 glucose	 in	 hospitalized	 patients	 may	 increase	 insulin
secretion	enough	to	lower	serum	potassium.
Vomiting	or	nasogastric	suction	since	gastric	fluid	is	high	in	potassium.
Insufficient	intake,	which	may	be	seen	in	individuals	with	poor	access	to
food.



As	 in	hyperkalemia,	 the	 symptoms	 of	 hypokalemia	 are	 usually	 related	 to
the	cardiac,	GI,	and	neuromuscular	systems,	including	the	following:

Tremor	 and	 weakness,	 due	 to	 a	 significant	 increase	 in	 the	 intra-to-
extracellular	ratio	of	potassium,	which	can	lead	to	paralysis.	In	severe
hypokalemia,	 the	muscles	 of	 respiration	 can	 be	 involved,	 leading	 to
respiratory	failure.
An	ileus,	due	to	the	hypokalemic	effects	on	smooth	muscle.
Rhabdomyolysis	can	occur	with	severe	hypokalemia.	This	elevates	the
[K+]	 and	 prevents	 further	 decrements,	 although	 it	may	 also	 serve	 to
mask	the	underlying	etiology.
Increased	 blood	 pressure	 and	 glucose	 intolerance	 may	 be	 a
manifestation	of	chronic,	mild	hypokalemia.
Nephrogenic	diabetes	insipidus.
Increased	 renal	 ammonia	 synthesis	 due	 to	 intracellular	 acidosis.	 In
severe	liver	disease,	this	may	trigger	hepatic	encephalopathy.

Physical	Examination
Physical	 findings	 generally	 do	 not	 become	 apparent	 until	 the	 degree	 of
hypokalemia	 is	 moderate	 or	 severe	 or	 the	 fall	 in	 potassium	 occurs	 rapidly.
Hypertension,	 ascending	 muscle	 weakness	 (eventually	 affecting	 respiration),
signs	of	ileus,	tetany,	and	muscle	tenderness	may	be	observed.

Diagnostic	Testing
Laboratories

A	 24-hour	 urine	 collection	 for	 potassium	 can	 be	 useful	 to	 distinguish
whole	body	potassium	depletion	versus	intracellular	shift,	as	the	total	urine
excretion	per	day	should	be	<15–25	mmol	of	potassium	in	the	presence	of
total	body	hypokalemia.
If	 hypokalemia-induced	 rhabdomyolysis	 is	 suspected,	 one	 should	 check	 a
serum	creatine	phosphokinase.
Additional	evaluations

Acid/base	status	and	urine	pH
Renin	and	aldosterone	levels	may	also	aid	in	the	evaluation	of	possible
apparent	or	true	aldosterone	excess.
Measurement	of	serum	magnesium	should	be	considered,	particularly



in	 patients	 on	 chronic	 diuretic	 therapy,	 since	 hypomagnesemia	 can
cause	potassium	loss.

Electrocardiography
ECG	changes	associated	with	hypokalemia	include	U	waves,	flat	or	 inverted	T
waves	and	ST-segment	depression,	and	PR	prolongation.	These	changes	do	not
correlate	 well	 with	 the	 degree	 of	 hypokalemia;	 however,	 with	 extremely	 low
[K+]	 levels,	 the	 PR	 and	 QRS	 intervals	 can	 lengthen	 and	 lead	 to	 ventricular
fibrillation.	Patients	with	severe	hypokalemia	should	be	monitored	on	telemetry.

TREATMENT
The	 method	 and	 urgency	 of	 potassium	 repletion	 depend	 on	 the	 patient’s
clinical	 state.	 When	 patients	 have	 moderate	 to	 severe	 hypokalemia,	 are
symptomatic,	or	have	an	acute	myocardial	 infarction,	 treatment	 should	be
urgent.
The	 approximate	whole	 body	potassium	deficit	 as	 the	 plasma	 potassium
level	 decreases	 from	 4	 to	 3	 mEq/L	 is	 in	 the	 range	 of	 200–400	 mEq,
depending	on	 the	 size	of	 the	patient.	As	 the	plasma	 level	decreases	 to	<3
mEq/L,	 the	 deficit	 can	 be	 >600	 mEq	 but	 is	 unpredictable	 due	 to	 the
potential	 release	of	potassium	from	cellular	necrosis,	which	maintains	and
may	 even	 increase	 the	 [K+].	 These	 cellular	 shifts	 can	 mask	 a	 serious
potassium	deficit;	 levels	should	be	checked	frequently	 to	ensure	adequacy
of	replacement.
Potassium	replacement	should	be	given	orally	whenever	possible	because
of	 the	potential	 cardiac	 risk	of	 rapid	 IV	K+	 administration,	vein	 sclerosis,
and	cost.	Oral	doses	of	40	mEq	of	potassium	are	generally	well	 tolerated
and	can	be	given	every	4	hours.	Liquid	potassium	is	generally	unpalatable,
and	 slow-release	 tablet	 forms	 should	 be	 avoided	 because	 of	 the	 risk	 of
gastric	 ulceration.	 Potassium	 chloride	 is	 usually	 administered,	 as	 the
chloride	 component	 helps	 to	 correct	 the	 often	 coinciding	 alkalosis	 and
bicarbonaturia.	Potassium	citrate	can	be	given	if	hypokalemia	associated
with	acidemia	is	present.
IV	potassium	can	be	administered	in	concentrations	of	up	to	40	mEq/L	via
peripheral	 line	 or	 40	 mEq/100	 mL	 via	 central	 venous	 line.	 High-



1.

2.

3.

4.

concentration	 potassium	 chloride	 can	 cause	 severe	 phlebitis	 and	 tissue
necrosis	 when	 extravasated.	 The	 rate	 of	 infusion	 should	 not	 exceed	 20
mEq/h	 unless	 the	 clinical	 situation	 dictates	 otherwise	 (e.g.,	 paralysis,
malignant	ventricular	arrhythmias).
Certain	groups	including	those	with	heart	failure	or	history	of	arrhythmias
should	 be	 repleted	 more	 aggressively	 with	 a	 goal	 of	 >4	 mmol/L.	 Care
should	be	taken	in	potassium	repletion	in	the	setting	of	renal	failure	given
the	decreased	capacity	for	excretion.
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HYPONATREMIA

GENERAL	PRINCIPLES
Hyponatremia	 is	 the	 most	 common	 abnormality	 of	 water	 and	 electrolyte
homeostasis	 seen	 by	 clinicians.	 Prevalence	 rates	 of	 30%	 or	 greater	 have
been	 reported	 for	 hospitalized	 patients.1	 Although	 incidence	 rates	 >20%
have	been	reported	for	inpatients,	5%	is	probably	a	more	clinically	accurate
estimate.2,3
Hyponatremia	is	independently	associated	with	negative	outcomes	across	a
wide	 spectrum	of	 acute	 and	 chronic	 conditions,	 and	 in	 the	 outpatient	 and
inpatient	settings.4,5

It	 has	 been	 associated	 with	 increased	 morbidity	 and	 mortality	 in
patients	with	heart	failure,	pneumonia,	cancer,	cirrhosis,	and	stroke,	to
name	only	a	few.6–13
It	 has	 been	 linked	 to	 gait	 instability	 and	 an	 increased	 risk	 of	 falls,
osteoporosis,	 and	 femoral	 neck	 fractures,	 even	 in	 clinically
asymptomatic	patients.14–17
Preoperative	 hyponatremia	 increases	 perioperative	 complications	 and
30-day	mortality	rates	in	surgical	patients.18
Severe	hyponatremia	(serum	Na+	<125	mmol/L)	doubles	the	risk	of	in-
hospital	mortality	in	ICU	patients.19
Length	 of	 stay,	 hospital	 costs,	 and	 30-day	 readmission	 risk	 have	 all
been	 shown	 to	 increase	 with	 hyponatremia.20–22	 The	 direct	 costs	 of



treating	hyponatremia	have	been	estimated	at	$1.6–$3.6	billion.23
Thus,	by	virtually	any	measurement,	hyponatremia	places	a	significant
burden	on	the	U.S.	health	care	system	and	should	not	be	considered	an
innocuous	condition.

Hyponatremia	is	defined	as	a	serum	sodium	(sNa+)	concentration	<135	mmol/L.
The	measured	 serum	Na+	 level	 does	 not	 reflect	 total	 body	Na+	 as	much	 as	 it
represents	the	ratio	of	Na+	to	plasma	volume.	This	is	important	to	remember,	as
hyponatremia	 generally	 reflects	 problems	 of	 water	 homeostasis,	 rather	 than
isolated	sodium	loss.	There	are,	of	course,	exceptions	to	this	rule.	Note	that,	for
purposes	 of	 this	 discussion,	 the	 terms	 plasma	 and	 serum	 are	 used
interchangeably.

DIAGNOSIS

Clinical	Presentation
History

The	 initial	 evaluation	 of	 a	 patient	 with	 suspected	 or	 confirmed
hyponatremia	should	include	a	detailed	history.
Patients	 with	 acute	 onset	 of	 hyponatremia	 (<48	 hours)	 may	 initially
complain	of	lethargy,	weakness,	nausea,	and	vomiting.

As	the	sodium	levels	fall	below	125	mmol/L,	cerebral	edema	worsens
and	neurologic	symptoms	predominate.
These	may	 include	obtundation,	 ataxia,	 hyporeflexia,	 seizures,	 coma,
and	ultimately	respiratory	arrest	from	brainstem	herniation.	If	death	is
averted,	permanent	brain	damage	may	still	occur.

Chronic	 hyponatremia	 (>48	 hours)	 is	 generally	 better	 tolerated,	 but
symptoms	may	 include	 cognitive	defects	 as	well	 as	 nausea	 and	vomiting,
weakness,	 and	 headache.	 Recent	 or	 current	 use	 of	 glucocorticoids	 may
cause	 adrenal	 suppression	 and	 should	 be	 considered.	 The	 syndrome	 of
inappropriate	antidiuretic	hormone	(SIADH)	may	manifest	well	before	the
onset	of	an	otherwise	unapparent	malignancy.



Physical	Examination
A	major	 focus	 should	be	on	 assessing	 the	patient’s	volume	status.	Orthostatic
blood	pressure	and	heart	rate	are	neither	highly	sensitive	nor	specific	markers	of
volume	 status,	 though	many	 clinicians	 still	 rely	 on	 them.	 Skin	 turgor	 and	 the
oropharyngeal	 mucosa	may	 be	 useful	 surrogates	 for	 total	 body	 water	 (TBW).
The	 presence	 or	 absence	 of	 edema	 should	 be	 carefully	 noted.	 A	 thorough
neurologic	evaluation	should	be	performed	as	well.

Diagnostic	Testing
See	Figure	19-1	for	evaluation	of	hyponatremia.



FIGURE	 19-1	 Evaluation	 of	 hyponatremia.	 ECF,	 extracellular	 fluid;	 eOsm,
effective	osmolality;	uNa+,	urinary	sodium;	uOsm,	urinary	osmolality;	SIADH,
syndrome	of	inappropriate	antidiuretic	hormone.	aActual	plasma	osmolality	may
be	variable	and	occasionally	cause	symptomatic	hyponatremia,	especially	in	the
setting	of	 renal	 insufficiency.	 bUrine	 osmolality	may	 be	<100	mOsm/L	 after	 a
water	load.	cMay	be	indistinguishable	from	SIADH	by	laboratory	data.

The	 first	 step	 in	 the	 diagnostic	 workup	 of	 hyponatremia	 (Fig.	 19-1)	 is



determining	 effective	 osmolality	 (eOsm):	 eOsm	 =	 measured	 plasma
osmoles	−	([BUN/2.8]	+	[ethanol/4.6]),	BUN,	blood	urea	nitrogen.
The	normal	eOsm	range	is	280–295	mOsm/kg	H2O.	A	low	eOsm	indicates
hypo-osmolality,	 and,	 as	 sodium	 and	 its	 associated	 anions	 are	 the	 major
effective	 plasma	 osmoles,	 hyponatremia	 and	 hypo-osmolality	 are	 often
concurrent.24
There	are	clinical	conditions,	however,	where	hyponatremia	is	present	with
high	 or	 normal	 tonicity	 (hypertonic	 hyponatremia,	 isotonic	 hyponatremia,
and	 pseudohyponatremia).	 Each	 of	 the	 categories	 is	 further	 discussed
below.

Hypotonic	Hyponatremia	(Decreased	eOsm)
Hypotonic	hyponatremia	indicates	excess	of	water	relative	to	serum	solute.	It	is
important	to	remember	that	in	the	presence	of	a	low	osmolar	state,	urine	should
be	 maximally	 dilute.25	 Thus,	 measurement	 of	 urinary	 osmolality	 (uOsm)	 and
urinary	Na+	(uNa+)	can	help	delineate	the	etiology.

Urine	 osmolality	 <100	 mOsm/L	 identifies	 patients	 with	 decreased
effective	antidiuretic	hormone	(ADH)	activity	such	as	primary	polydipsia,
beer	potomania,	and	malnutrition.	Such	patients	overwhelm	their	kidneys’
capacity	 to	 excrete	 water,	 either	 because	 of	 excessive	 water	 intake	 or
impaired	water	excretion.
Urine	 osmolality	 >100	mOsm/L	 identifies	 patients	 with	 increased	ADH
activity	 and	 must	 be	 further	 defined	 depending	 on	 the	 patient’s	 volume
status	and	urine	sodium	concentration	(see	Fig.	19-1).

Hypervolemic
uNa+	 <	 10	 mEq/L:	 These	 patients	 have	 decreased	 effective
circulating	volume,	but	extracellular	fluid	(ECF)	and	total	body
water	 (TBW)	 are	 significantly	 increased;	 total	 body	Na+	 is	 also
increased,	 but	 to	 a	 lesser	 degree	 than	 TBW,	 and	 Na+
concentration	 is	 generally	 >125	 mmol/L.	 Edema	 is	 usually
apparent	(e.g.,	congestive	heart	failure	[CHF],	cirrhosis,	nephrotic
syndrome).
uNa+	>	20	mEq/L:	renal	insufficiency

Euvolemic:	 Effective	 circulating	 volume	 is	 normal	 or	 slightly
increased,	but	TBW	and	plasma	volume	are	elevated.	Thus,	serum	Na+



concentration	 is	 decreased.	 No	 edema	 is	 present.	The	 uNa+	 is	 >20
mEq/L	unless	there	is	low	Na+	intake	(e.g.,	SIADH,	hypothyroidism,
adrenal	insufficiency).

See	Table	19-1	for	common	causes	of	SIADH.
The	 diagnosis	 of	 SIADH	 must	 involve	 exclusion	 of	 adrenal
insufficiency	 and	 severe	 hypothyroidism.	 Furthermore,	 the
diagnosis	 of	 SIADH	 cannot	 be	 reliably	 made	 in	 the	 setting	 of
renal	failure.
Reset	osmostat	is	a	variant	of	SIADH	but	with	a	stable	Na+.	The
key	feature	is	the	ability	to	appropriately	dilute	or	concentrate	the
urine	after	water	challenge	or	deprivation	tests,	respectively.	It	is
common	 in	 pregnancy	 and	 can	 be	 seen	 in	 states	 of	 chronic
decreased	effective	 circulating	volume	 such	as	CHF	and,	 rarely,
in	 severe	 malnutrition.	 Treatment	 is	 directed	 toward	 the
underlying	condition.

Hypovolemic:	Effective	circulating	volume,	TBW	and	ECF,	and	total
body	Na+	are	all	decreased,	but	Na+	depletion	predominates.	Edema	is
absent	 (e.g.,	 gastrointestinal	 losses,	 osmotic	 diuresis,	 adrenal
insufficiency,	 third-spacing	 conditions	 [e.g.,	 ascites,	 burns,
pancreatitis,	peritonitis]).

uNa+	 >	 20	 mEq/L:	 renal	 Na+	 loss.	 It	 is	 unusual	 for	 loop
diuretics	 to	 produce	 significant	 hyponatremia	 owing	 to	 their
effect	 on	 urine-concentrating	 ability.	 Thiazides	 more	 frequently
cause	 hyponatremia.	 Sodium-wasting	 nephropathy	 can	 be	 seen
with	 chronic	 kidney	 disease,	 polycystic	 kidney	 disease,
obstructive	uropathy,	and	nephritis	 induced	by	nonsteroidal	anti-
inflammatory	drugs	(NSAIDs).
uNa+	<	20:	extrarenal	Na+	loss	is	seen	with	vomiting	or	diarrhea
or	 conditions	 that	 lead	 to	 third	 spacing	 (such	 as	 pancreatitis	 or
burns)	 and	 will	 be	 associated	 with	 a	 low	 uNa+	 and	 uCl−.
However,	 conditions	 that	 lead	 to	 alkalosis,	 and	 thus
bicarbonaturia,	may	cause	coelimination	of	significant	Na+	in	the
urine.	 Ketonuria	 can	 have	 the	 same	 effect	 on	 uNa+.	 The	 urine
chloride,	however,	should	still	be	low	in	these	situations.

TABLE	 19-1	 Common	 Causes	 of	 the	 Syndrome	 of	 Inappropriate
Antidiuretic	Hormone



ADH,	antidiuretic	hormone;	CNS,	central	nervous	system;	HIV,	human	immunodeficiency	virus;	NSAIDs,
nonsteroidal	anti-inflammatory	drugs.

Hypertonic	Hyponatremia	(Increased	eOsm)
Hypertonic	 hyponatremia	 is	 due	 to	 excess	 osmotically	 active	 substances,
such	 as	 glucose	 or	 mannitol,	 drawing	 water	 into	 the	 extracellular	 fluid
(ECF)	and	diluting	serum	Na+	concentration.	It	is	sometimes	referred	to	as
redistributive	 or	 translocational	 hyponatremia.	 This	 increases	 risk	 of
cellular	dehydration.	See	Figure	19-1	for	specific	etiologies.
Measured	sodium	must	be	corrected	for	hyperglycemia.	Historically,	 a
correction	factor	of	1.6	mEq/L	is	added	to	the	measured	Na+	for	every	100
mg/dL	 rise	 in	 plasma	 glucose.	However,	more	 recent	 research	 suggests	 a
correction	 factor	 of	 2.4	mEq/L	may	 be	more	 accurate	when	 dealing	with
marked	hyperglycemia	(>400	mg/dL).26	Corrected	Na+	=	measured	Na+	+
(0.024)(measured	glucose	−	100).

Pseudohyponatremia	 or	 Isotonic



Hyponatremia	(Normal	eOsm)
Pseudohyponatremia	 occurs	 when	 older	 photometry	 or	 indirect
potentiometry	 techniques	are	used	 to	measure	Na+	 concentration	 in	whole
plasma.	 If	 excess	 lipid,	 protein,	 or	white	 blood	 cells	 (WBCs)	 are	 present,
the	 Na+	 concentration	 is	 underestimated.	 However,	 serum	 sodium	 and
osmolality	 are	 normal	 when	 they	 are	 measured	 by	 direct	 potentiometry.
Pseudohyponatremia	is	a	benign	lab	artifact	requiring	only	recognition.	It	is
seen	 with	 hypertriglyceridemia,	 with	 paraproteinemia,	 and	 sometimes
with	total	parenteral	nutrition.
Isotonic	 hyponatremia	 may	 occur	 following	 laparoscopic	 surgery	 or
transurethral	 resection	 of	 the	 prostate,	 due	 to	 the	 absorption	 of	 irrigants
(glycine	or	sorbitol).	The	actual	plasma	osmolality	can	be	variable	and	may
occasionally	cause	symptomatic	hyponatremia,	especially	 in	 the	setting	of
renal	insufficiency.

TREATMENT
The	 correction	 of	 hyponatremia,	 either	 acute	 or	 chronic	 in	 nature,	 which
presents	with	significant	symptoms,	requires	hypertonic	saline.

Typically,	 1	 mL/kg/h	 of	 3%	 saline	 will	 raise	 the	 serum	 Na+	 by	 ~1
mmol/L/h.27
For	 patients	 with	 severe	 neurologic	 sequelae	 (seizures,	 coma),	 an
initial	infusion	rate	of	4–6	mL/kg/h	may	be	used.

A	 detailed	 approximation	 for	 the	 expected	 correction	 in	 serum	 Na+	 by
giving	1	L	of	infusate	is	as	follows:

Normal	saline	=	154	mmol	Na+/L;	3%	saline	=	513	mmol	Na+/L
Dividing	 the	 calculated	 volume	 by	 the	 desired	 time	 period	 gives	 the
rate	of	infusion.
The	addition	of	potassium	(K+)	to	the	solution	is	equivalent	to	adding
sodium	 due	 to	 Na+/K+	 exchange	 and	 needs	 to	 be	 included	 in



calculations	as	well.
Acute,	severe	central	nervous	system	symptoms	(e.g.,	coma,	seizures)	can
often	be	reversed	with	a	5%	increase	in	the	serum	Na+.	Once	symptoms	are
controlled,	a	maximum	serum	Na+	increase	in	the	first	24	hours	of	~8–
10	mmol/L	 is	 recommended	 (including	 initial	 correction).	 At	 this	 point,
hypertonic	saline	is	usually	no	longer	necessary.	The	subsequent	correction
rate	should	not	exceed	18	mmol/L	in	any	48-hour	period.24

Loop	diuretics	may	be	required	either	to	prevent	volume	overload	or	to
aid	 in	 the	 excretion	 of	 free	 water	 by	 lowering	 the	 urine	 osmolality
(uOsm).
Calculations	provide	only	a	rough	estimate	to	help	initiate	therapy	and
do	not	replace	frequent	monitoring	and	adjustment.

Overly	 rapid	 correction	may	 result	 in	 central	 pontine	myelinolysis	 (also
called	 osmotic	 demyelination	 syndrome).	 This	 is	 rare	 with	 acute
hyponatremia	 (<48	hours	 in	duration).	Cognitive	and	movement	disorders
due	 to	 central	 pontine	 myelinolysis	 may	 not	 be	 apparent	 for	 days	 after
correction	 of	 hyponatremia,	 and	 visible	 changes	 on	 magnetic	 resonance
imaging	 may	 take	 weeks	 to	 appear.	 Risk	 factors	 include	 sodium
concentration	 <120	 mmol/L	 for	 >48	 hours,	 recent	 liver	 transplantation,
alcoholism,	and	severe	malnutrition.24,28
The	treatment	of	accidental	overcorrection	with	free	water	or	ADH	analogs
to	 decrease	 the	 serum	 Na+	 to	 the	 desired	 level	 of	 correction	 may	 be	 of
benefit,	 especially	 if	 symptoms	 suggestive	 of	 osmotic	 demyelination
appear.
Chronic	 hyponatremia	 without	 acute	 neurologic	 events	 is	 best	 treated	 by
fluid	restriction	or	discontinuation	of	any	pharmacologic	culprits.
For	SIADH,	free	water	restriction	with	high	oral	Na+	and	protein	intake	are
the	mainstays	of	treatment.

The	degree	of	free	water	restriction	will	depend	on	the	uOsm	present
(as	 this	will	determine	 the	amount	of	 free	water	 that	can	be	excreted
with	 the	 given	 osmotic	 load).	 The	 typical	 fluid	 restriction	 should	 be
500	mL/d	less	than	the	24-hour	urine	output.29
Fluid	 restriction	 alone	 is	 unlikely	 to	 be	 effective	 if	 the	 sum	of	 urine
Na+	and	urine	K+	exceeds	the	measured	serum	Na+.30
Use	hypertonic	 saline	 ±	 loop	 diuretics	 if	 symptoms	 are	 severe	 or
uOsm	is	very	high.	Administration	of	0.9%	(normal)	saline	in	SIADH
may	worsen	hyponatremia	by	allowing	 the	kidney	 to	extract	 the	 free
water	 from	 the	 saline	 if	 uOsm	 is	 greater	 than	 the	 osmolarity	 of	 the



infusate.
Oral	urea	(30–60	g/d)	may	be	the	safest	pharmacologic	agent	for	the
unusual	case	in	which	standard	management	is	unsuccessful.	However,
it	 is	 not	 available	 in	 most	 US	 pharmacies	 and	 therefore	 rarely	 used
here.31
Demeclocycline	 and	 lithium	 have	 both	 been	 used	 to	 induce	 a
nephrogenic	diabetes	insipidus.	Lithium	is	unpredictable	and	has	many
side	effects.	Both	are	rarely	used	today.
The	 V2-receptor	 antagonists	 (conivaptan,	 tolvaptan,	 etc.)	 have	 been
shown	to	be	effective	in	raising	serum	sodium	levels	for	patients	with
SIADH	 and	 CHF.32–35	 They	 should	 not	 be	 used	 in	 hypovolemic
patients.

Due	to	an	elevated	risk	of	hepatic	injury,	tolvaptan	should	not	be
used	in	patients	with	chronic	liver	disease.24,36
Conivaptan	 should	 be	 used	 with	 extreme	 caution	 in	 cirrhotic
patients,	as	it	is	also	active	at	the	V1a	receptor.	Thus,	there	may	be
an	 increased	 risk	 of	 variceal	 bleeding	 and	 hepatorenal
syndrome.37
Conivaptan	is	only	available	as	an	IV	formulation	and	should	be
used	for	no	more	than	4	days.24	Its	use	is	limited	to	hospitalized
patients.
Tolvaptan	should	be	initiated	in	the	hospital,	but	can	used	in	the
outpatient	setting	for	up	to	30	days.

In	 hyponatremia	 from	 thiazides,	 complete	 resolution	 of	 the	 effect	 can
sometimes	 take	 weeks	 after	 withdrawal.	 Patients	 who	 develop	 severe
hyponatremia	on	a	thiazide	diuretic	are	at	high	risk	of	rapid	recurrence	and
should	not	receive	these	agents	again.38

HYPERNATREMIA

GENERAL	PRINCIPLES
Hypernatremia	 is	 much	 less	 common	 than	 hyponatremia.	 It	 has	 been



reported	in	1–3%	or	more	of	general	inpatients	but	may	be	present	in	over
25%	of	critically	ill	patients.39,40
It	 is,	 however,	 a	 stronger	 signal	 of	 impending	 mortality	 than	 is
hyponatremia.	 Left	 untreated,	 it	 can	 result	 in	 seizures,	 subarachnoid
hemorrhage,	 coma,	 and	death.	Mortality	 rates	 range	between	45	and	60%
for	all	patients	but	may	be	as	high	as	80%	for	elderly	patients.41
As	with	hyponatremia,	 preoperative	hypernatremia	 independently	 predicts
30-day	mortality	in	surgical	patients	and	increases	the	risk	of	perioperative
myocardia	 infarction	 (MI),	 venous	 thromboembolism	 (VTE),	 and
pneumonia.42
It	 is	 rarely	 seen	 in	 alert	 patients	 with	 access	 to	 water,	 as	 even	 mild
elevations	 in	 serum	 osmolality	 stimulate	 thirst	 and	 the	 repletion	 of	 free
water.	Thus,	hypernatremia	generally	occurs	 in	patients	at	 the	extremes	of
age	and	in	those	who	are	physically	or	cognitively	debilitated.
Risk	factors	for	hypernatremia	include	the	following:

Age	>	65
Physical	or	cognitive	impairment
Hospitalization
Nursing	home	residence
Osmotic	 diuresis	 (e.g.,	 hyperglycemia,	 mannitol)	 or	 urinary
concentrating	defect	(e.g.,	DI)
Intubation

Definition
Hypernatremia	 is	 defined	 as	 serum	 Na+	 >	 145	 mmol/L.	 Since	 sodium	 is	 the
major	extracellular	osmole,	hypernatremia	is	always	a	hyperosmolar	state.	Thus,
it	indicates	a	deficiency	of	water	relative	to	total	body	solute.43

Pathophysiology
While	hypernatremia	may	be	caused	by	primary	Na+	gain,	 the	vast	majority	of
cases	are	due	to	the	loss	of	free	water,	resulting	in	hypovolemia	and	dehydration.

Hypervolemic	 hypernatremia	 is	 usually	 due	 to	 administration	 of
hypertonic	fluids	but	may	also	be	caused	by	primary	hyperaldosteronism.
Hypernatremia	 of	 varying	 volume	 status	 may	 be	 caused	 by	 various



mechanisms,	such	as:
Rapid	 shift	 of	 ECF	 to	 intracellular	 fluid	 due	 to	 rhabdomyolysis	 or
prolonged	seizures
Release	of	placental	vasopressinase	during	pregnancy	(rare)

Hypovolemic	hypernatremia	etiologies	are	included	in	Figure	19-2.
Osmotic	diuresis	may	 be	 caused	 by	 diuretic	 drugs	 (loop	 diuretics	 >
thiazides),	 hyperglycemia,	 high-protein	 diet,	 the	 diuretic	 phase	 of
ATN,	or	 postobstructive	 diuresis;	 in	 the	 latter	 two,	 accumulated	urea
leads	to	excretion	of	dilute	urine.
Central	 diabetes	 insipidus	 (DI)	 is	 caused	 by	 disruption	 of	 the
posterior	 pituitary	 by	 trauma,	 surgery,	 granulomatous	 diseases,
meningitis,	encephalitis,	tumors,	and	pituitary	apoplexy;	it	may	rarely
be	hereditary.
Nephrogenic	DI	 is	often	due	 to	drugs	(lithium,	foscarnet,	cidofovir),
electrolytes	(K+	<	3.0,	hypercalcemia),	or	kidney	disease	(obstructive
uropathy,	sickle	cell	disease,	amyloidosis,	Sjögren	syndrome).

FIGURE	 19-2	 Differential	 diagnosis	 and	 evaluation	 of	 hypernatremia	 with
volume	depletion

DIAGNOSIS

Clinical	Presentation



History
As	 with	 hyponatremia,	 the	 initial	 evaluation	 of	 a	 patient	 with	 suspected
hypernatremia	should	include	a	detailed	history,	focusing	on	volume	status
and	potential	losses	of	free	water.
Symptoms	 include	 lethargy,	 irritability,	weakness,	and	confusion.	Seizures
and	coma	may	occur,	but	generally	not	until	the	serum	Na+	approaches	160
mmol/L.
Try	 to	 determine	 the	 urine	 volume.	 Low	 urine	 volume	 is	 consistent	 with
dehydration,	but	polyuria	should	raise	suspicion	for	DI.	Inquire	about	fluid
intake	as	well.

Physical	Examination
The	physical	exam	should	focus	on	assessing	volume	status.	Look	for	signs	of
free	water	loss	such	as	orthostasis,	tachycardia,	poor	skin	turgor,	and	dry	mucous
membranes.	If	DI	is	a	consideration,	a	neurologic	exam,	including	visual	fields,
is	indicated.

Diagnostic	Testing
History	 and	 physical	 exam	will	 usually	 identify	 the	 cause	 of	 hypervolemic	 or
euvolemic	hypernatremia.	Many	patients	with	adequate	 thirst	mechanisms	may
maintain	volume	status	with	DI.	Hypovolemic	hypernatremia	may	be	evaluated
as	per	Figure	19-2.

With	hypovolemia	due	to	extrarenal	free	water	loss,	uOsm	should	be	>600–
800	mOsm/kg,	and	the	uNa+	should	be	<20	mmol/L;	uOsm	<300	mOsm/kg
is	consistent	with	renal	free	water	loss.
Release	 of	 a	 total	 of	 >1000	 urine	 osmoles/day	 (uOsm	 ×	 24-hour	 urine
output)	is	consistent	with	an	osmotic	diuresis.
Patients	with	polyuria	and	hypernatremia	may	undergo	a	water-deprivation
test	to	differentiate	central	from	nephrogenic	DI:

Water	 is	 withheld	 from	 the	 patient	 until	 three	 consecutive	 urine
osmoles	are	stable	(<30	mmol/kg	increase).
The	patient	is	given	desmopressin	(deamino-8-D-arginine	vasopressin,
DDAVP),	1	mcg	SC	with	serum	osmolality	measured	before	injection
and	45	minutes	later.



In	central	DI,	there	is	a	>9%	increase	in	uOsm	with	DDAVP.
With	nephrogenic	DI,	there	is	little	change.
Difficulty	in	diagnosis	may	arise	in	partial	DI	states.

TREATMENT
As	with	 hyponatremia,	 the	 rate	 of	 onset	 of	 hypernatremia	 is	 important	 in
guiding	the	rate	of	correction.
Acute	 hypernatremia	 develops	 in	 <48	 hours	 and	 may	 be	 due	 to	 the
administration	of	hypertonic	fluids.
After	 48	 hours	 of	 plasma	 hyperosmolality,	 brain	 cells	 generate	 organic
osmolytes	that	restore	and	maintain	normal	brain	volume.
Overly	rapid	correction	of	serum	osmolality	and	hypernatremia	can	result	in
significant	 cerebral	 edema	 with	 severe	 neurologic	 sequelae.	 Thus,	 in
chronic	 hypernatremia	 (>48	 hours),	 the	 free	 water	 must	 be	 repleted
carefully	 over	 48–72	 hours.	 Correction	 of	 serum	 Na+	 at	 a	 rate	 of	 <0.5
mmol/L/h	(<12	mmol	per	24-hour	period)	has	a	low	likelihood	of	causing
complications.
Calculating	 the	 free	 water	 deficit	 is	 important	 when	 addressing
hypernatremia.	 The	 water	 deficit	 can	 be	 estimated	 with	 the	 following
equation44:

Water	deficit	=	current	TBW	×	([serum	Na+/140]	−	1)
Note	that	TBW	is	roughly	60%	of	body	weight	in	kg	 for	nonelderly,
euvolemic	men.	For	women	and	older	men,	TBW	is	 roughly	50%	of
lean	body	weight.44	The	percentages	for	TBW	decrease	in	the	elderly
and	volume-depleted	patients.

Once	the	water	deficit	has	been	calculated,	it	is	imperative	to	determine	the
appropriate	rate	of	correction.

In	cases	of	acute	hypernatremia	(<48	hours),	 the	water	deficit	should
be	 corrected	 over	 24	 hours	 with	 electrolyte	 free	 water	 (e.g.,	 5%
dextrose	 solution).	 Thus,	 the	 infusion	 rate	 can	 be	 estimated	 as:
Infusion	Rate	(mL/h)	=	Water	Deficit	(mL)/24	h.
For	patients	with	chronic	hyponatremia,	however,	only	enough	water
to	lower	the	serum	Na+	10–12	mmol/L	is	administered	in	the	first	24
hours.	The	desired	water	 replacement	 in	 the	 first	 day	 is	 then:	 (Water
Deficit	(mL)	×	10–12	mmol/L)/(serum	Na+	−	140).	The	infusion	rate	is



1.

2.

then	calculated	by	dividing	that	value	over	24	hours.
The	 above	 calculations	 do	 not	 account	 for	 insensible	 and	 ongoing
losses.	An	additional	30–40	mL/h	should	be	added	to	the	infusion	rate
to	 account	 for	 insensible	 losses.	 Ongoing	 urinary	 or	 gastrointestinal
losses	may	require	25–50	mL/h	further.

A	useful	rule	of	thumb	to	remember	is	for	every	3–4	mL	of	electrolyte–free
water	per	kg	body	weight	that	is	administered,	the	serum	Na+	concentration
will	fall	by	1	mmol/L.27

Thus,	 when	 treating	 acute	 hypernatremia,	 it	 is	 reasonable	 to	 infuse
water	 at	 3–6	mL/kg/h	 initially.	Once	 the	 serum	Na+	 is	 down	 to	 145
mmol/L,	 the	 infusion	 should	 be	 changed	 to	 1	 mL/kg/L,	 until
normonatremia	(serum	Na+	~140	mmol/L)	is	reached.
Similarly,	 for	patients	with	chronic	hyponatremia,	free	water	 infusion
can	be	started	at	1.35	mL/kg/h.

These	calculations	DO	NOT	preclude	the	need	for	close	monitoring	and
frequent	 measurement	 of	 the	 serum	 sodium	 levels.	 If	 the	 sodium
concentration	is	not	changing	at	the	desired	rate,	the	clinician	should	adjust
the	free	water	infusion	as	appropriate.
Normal	saline	(0.9%)	should	only	be	used	in	the	hypernatremic	patient	with
severe	 volume	 depletion	 requiring	 fluid	 resuscitation.	 Lesser	 degrees	 of
clinical	volume	depletion	can	be	treated	with	0.22%	(“quarter	normal”)	or
0.45%	 (“half	 normal”)	 saline	 solution	 (39	 and	 77	 mmol/L	 Na+,
respectively).	Once	volume	status	has	been	restored,	5%	dextrose	solution
alone	should	be	used	to	correct	hypernatremia.
Central	 DI	 may	 be	 treated	 with	 subcutaneous	 desmopressin	 acetate
(DDAVP)	 titrated	 to	 effect.	 There	 are	 several	 management	 options	 for
nephrogenic	DI.	Thiazide	diuretics	±	NSAIDs	cause	volume	depletion	and
increase	renal	Na+	retention.	Amiloride	may	block	access	of	lithium	to	the
Na+	 channel	 of	 the	 collecting	 tubule	 and	 is	 useful	 in	 lithium-induced
nephrogenic	 DI.	 Consultation	 with	 colleagues	 experienced	 in	 treating
patients	with	DI	may	prove	invaluable.
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GENERAL	PRINCIPLES
Hematuria	 is	 defined	 by	 the	 presence	 of	 abnormal	 number	 of	 red	 blood
cells	(RBCs)	in	the	urine	and	may	be	microscopic	or	macroscopic.1	A	small
number	of	RBCs	may	be	found	in	the	urine	of	normal	individuals,	usually
≤3	RBCs	per	high-power	 field	 in	urinary	 sediment,	 although	 this	 level	 of
hematuria	does	not	exclude	disease.
Microscopic	hematuria	is	defined	by	the	American	Urological	Association
(AUA)	as	≥3	RBCs	per	high-power	field	on	a	single	microscopic	evaluation
of	urinary	sediment.1

A	positive	dipstick	does	not	define	microscopic	hematuria,	nor	should
it	prompt	a	workup	without	further	microscopic	evidence.1
The	US	Preventive	Task	Force	has	concluded	that	there	is	insufficient
evidence	to	support	screening	urinalysis	 in	the	general	population,	so
hematuria	is	generally	found	incidentally.2

In	macroscopic	 (gross)	 hematuria,	 the	 urine	 appears	 red,	 cola-colored,	 or
brown.	 The	 dipstick	 is	 positive,	 and	 there	 is	 red	 sediment	 after	 light
centrifugation.

Hematuria	may	be	due	to	an	abnormality	anywhere	from	the	glomerulus	to
the	distal	tip	of	the	urethra.
Table	20-1	outlines	etiologies	of	hematuria.3–5

TABLE	20-1	Differential	Diagnosis	of	Hematuria



GN,	glomerulonephritis.
Adapted	from	Cohen	R,	Brown	R.	Microscopic	 hematuria.	N	Engl	 J	Med	 2003;348:2330–38;	Vakili	 ST,
Alam	T,	Sollinger	H.	Loin	pain	hematuria	syndrome.	Am	J	Kidney	Dis	2014;64:460–72;	Ziemba	J,	Guzzo
TJ,	 Ramchandani	 P.	 Evaluation	 of	 the	 patient	 with	 asymptomatic	 microscopic	 hematuria.	 Acad	 Radiol
2015;22:1034–7,	Refs.	4,5,9

DIAGNOSIS

Clinical	Presentation
History

Hematuria	 at	 the	 initiation	 of	 urinary	 stream	 is	 indicative	 of	 a	 urethral
source.6
If	hematuria	begins	midway	through,	it	suggests	bladder	origin.6
The	 source	 may	 be	 in	 the	 upper	 urinary	 tract	 (kidney,	 ureter)	 or	 located
diffusely	in	the	bladder	when	hematuria	occurs	throughout	urination.6
In	 women,	 it	 is	 important	 to	 determine	 whether	 menstruation	 is
contaminating	the	urinary	specimen.
A	 recent	 history	 of	 trauma,	 urinary	 catheterization,	 and	 exercise	 may
indicate	the	cause	of	hematuria.
An	obstructing	blood	clot	in	the	bladder	may	impair	urination.
A	 recent	 history	 of	 pharyngitis	 suggests	 a	 postinfectious



glomerulonephritis,	whereas	 a	 recent	mucosal	 infection	 (upper	 respiratory
infection,	urinary	tract	infection	[UTI],	enteritis,	etc.)	may	accompany	IgA
nephropathy.	 Recurrent	 sinusitis/otitis	 may	 suggest	 granulomatosis	 with
polyangiitis.
Bloody	diarrhea	may	precede	hemolytic	uremic	syndrome.
Dysuria,	 urinary	 frequency/urgency,	 and	 flank	 pain	 may	 be	 clues	 to
cystitis/pyelonephritis.	 Urethral	 discharge	 may	 or	 may	 not	 occur	 with
urethritis.6
Flank	pain	radiating	to	the	groin	may	indicate	nephrolithiasis	or	blood	clot
causing	urethral	obstruction.6
Rash	and	arthralgias	may	point	to	lupus	erythematosus.6
Illegal	drug	use	is	a	risk	factor	for	human	immunodeficiency	virus	(HIV),
hepatitis,	 endocarditis,	 and	 (in	 those	 using	 IV	 heroin)	 focal	 segmental
glomerular	 sclerosis	 (FSGS)	 versus	 membranoproliferative
glomerulonephritis	(MGPN).7
Exposure	 to	 certain	 over-the-counter	 and	 prescription	 drugs	 can	 cause
hematuria.	 These	 agents	 include	 analgesics	 (analgesic	 nephropathy),
anticoagulants,	and	cyclophosphamide	(cystitis).
Risk	 factors	 for	 malignancy	 include	 age	 >50;	 cigarette	 smoking;
occupational	 exposure	 to	 certain	 industries	 (leather,	 dye,	 rubber,	 or	 tire
manufacturing);	pelvic	 irradiation;	high-dose	cyclophosphamide;	 ingestion
of	 aristolochic	 acid,	 which	 is	 found	 in	 some	 weight	 loss	 products;	 and
recent	gross	hematuria.
Dietary	 and	 medical	 history	 should	 be	 reviewed	 as	 ingestion	 of	 beets,
blackberries,	 iron,	 and	 rifampin	 can	 alter	 urine	 color.	 Porphyria	 also	 can
alter	urine	color.6
A	family	history	should	include	inquiries	about	deafness	and	kidney	disease
(Alport	 syndrome),	 cerebral	 aneurysm	 and	 kidney	 disease	 (autosomal
dominant	polycystic	kidney	disease),	sickle	cell	disease,	and	kidney	stones.
Patients	of	Asian	heritage	may	be	at	higher	risk	for	IgA	nephropathy.5,8

Physical	Examination
The	physical	examination	may	contribute	to	identifying	the	cause	of	hematuria.

A	markedly	elevated	blood	pressure	may	indicate	hypertensive	emergency
as	the	cause.
The	 dermatologic	 exam	 may	 reveal	 rashes	 suggestive	 of	 vasculitis	 and
autoimmune	 disease	 (systemic	 lupus	 erythematosus);	 palpable	 purpura	 on



the	buttocks	 suggests	Henoch-Schönlein	purpura;	 erythematous	or	painful
lesions	on	the	palmar	surfaces	of	the	hands,	feet,	or	nail	beds	are	stigmata
of	endocarditis.
The	 joint	 exam	 may	 reveal	 signs	 of	 arthritis	 or	 synovitis	 suggesting	 an
autoimmune	etiology.
A	careful	genitourinary	exam	is	essential	in	the	evaluation	of	hematuria.

In	 men,	 examine	 for	 prostatitis,	 prostate	 cancer,	 benign	 prostate
hypertrophy,	testicular	masses,	and	signs	of	epididymitis.
In	 women,	 a	 pelvic	 exam	 is	 essential	 to	 assess	 for	 masses	 or
malignancy.

Diagnostic	Testing
The	AUA	has	developed	guidelines	for	 the	evaluation	of	hematuria	and	is
outlined	in	Figure	20-1.3
There	 is	 debate	 about	 whether	 the	 2012	 AUA	 guidelines	 are	 more
aggressive	 than	 necessary	 given	 the	 relatively	 high	 prevalence	 of
microscopic	 hematuria	 (9–18%)	 compared	 with	 low	 prevalence	 of
urothelial	cancer	in	the	general	population	(0.01–3%).9,10
An	alternative	guideline	based	on	risk	model	known	as	the	Hematuria	Risk
Index	 has	 been	 suggested.10	 It	 characterizes	 patients	 based	 on	 risk	 of
malignancy	using	a	model	based	on	an	11-point	scale	as	follows:

4	points	each:	history	of	gross	hematuria,	age	>	50
1	point	each:	history	of	smoking,	male	sex,	and	>25	RBC/high	power
field	(HPF)	on	a	recent	urinalysis
Interpretation:

0–4:	low	risk
5–8:	moderate	risk
9–11:	high	risk10
Microscopic	 hematuria	 is	 unreliable	 at	 predicting	 urinary	 tract
malignancies,	 and	 it	 is	 suggested	 that	 patients	 <	 50	 with	 no
history	 of	 gross	 hematuria	 may	 not	 benefit	 from	 further.
Practitioners	 can	 use	 this	 scale	 to	 help	 guide	 decisions	 to	 refer
patients	to	urology	for	further	workup.10

Hematuria	 in	 the	 setting	 of	 supratherapeutic	 anticoagulation	 or	 bleeding
diathesis	still	requires	a	workup.1



FIGURE	 20-1	 Evaluation	 of	 microscopic	 hematuria.	 *Risk	 factors	 for
malignancy	 include	 recent	 gross	 hematuria,	 history	 of	 radiation,	 and	 smoking
history.
(Adapted	from	Niemi	M,	Cohen	R.	Evaluation	 of	microscopic	 hematuria:	 a	 critical	 review	 and	 proposed
algorithm.	Adv	Chronic	Kidney	Dis	2015;22:289–96.)

Laboratories

Initial	 evaluation	 of	 hematuria	 should	 include	 evaluation	 after
centrifugations	 (5	 minutes	 at	 3000	 rpm)	 of	 a	 fresh	 urine	 specimen	 and
examination	 of	 the	 sediment	 (macroscopic	 and	 microscopic).	 An	 unspun



sample	should	be	evaluated	with	the	dipstick	as	well.	The	physician	should
not	rely	on	the	lab	for	this	evaluation.	The	goal	is	to	determine	the	source	of
the	hematuria	so	that	the	patient	can	be	quickly	triaged.11

Macroscopic	 clues:	 RBCs	 collect	 in	 the	 supernatant	 after
centrifugation.	 If	 the	 supernatant	 is	 red,	 myoglobin,	 hemoglobin,	 or
pigments	from	medications	may	be	the	cause.11
Dipstick	 clues:	 Green	 color	 is	 positive	 for	 hemoglobin.	 Speckled
patterns	 indicate	 intact	 RBCs,	 whereas	 uniform	 indicates	 free
hemoglobin.	 Positive	 dipstick	 results	 for	 blood	 without	 RBCs	 on
microscopy	should	prompt	an	evaluation	for	myoglobinuria.6
Microscopic	analysis

If	microscopy	evaluation	reveals	dysmorphic	RBCs	(irregular	cell
membrane),	 red	 cell	 casts,	 and/or	 proteinuria,	 this	 suggests
bleeding	of	glomerular	origin.11	Further	testing	should	include	the
following	serologies:	antinuclear	antibody	(ANA),	antineutrophil
cytoplasmic	 antibody	 (ANCA),	 HIV,	 hepatitis	 panel,
antiglomerular	 membrane,	 C3,	 C4,	 Venereal	 Disease	 Research
Laboratory	(VDRL)	test,	and	antistreptolysin	O	titer.
If	microscopy	demonstrates	isomorphic	RBCs	in	the	presence	of
pyuria,	 dysuria,	 or	 bacteriuria	 are	 likely	 related	 to	 a	 UTI.	 The
presence	 of	 hematuria	 should	 be	 reevaluated	 after	 antibiotic
therapy.	 In	 the	 absence	 of	 signs	 and	 symptoms	 of	 a	 UTI,	 the
presence	of	isomorphic	RBCs	warrants	evaluation	for	malignancy
or	renal	calculi.11

Other	 initial	 lab	 data	 should	 include	 basic	 chemistries,	 complete	 blood
count,	prothrombin	time,	partial	 thromboplastic	 time,	and	hepatic	function
panel.

Imaging

As	indicated	in	Figure	20-1,	patients	with	dysmorphic	RBCs	or	proteinuria
should	undergo	a	renal	ultrasound	with	referral	to	nephrology.5
Patients	with	reasonable	suspicion	of	malignancy	without	contraindications
to	CT	 should	 undergo	 a	CT	 urography.	 Patients	with	 contraindications	 to
CT	can	undergo	MRI	urography	with	or	without	 retrograde	pyelogram.	 If
patient	 is	 of	 high	 risk	 for	 malignancy	 or	 aged	 35	 or	 greater,	 the	 AUA
recommends	referral	to	urology	for	cystoscopy.1,5



1.

2.

Diagnostic	Procedures
The	 diagnosis	 of	 malignancy	 requires	 a	 tissue	 sample,	 usually	 obtained	 by
biopsy	performed	by	urology	or	other	surgical	specialists.	Causes	of	glomerular
bleeding	are	also	often	diagnosed	by	biopsy.

TREATMENT
The	 treatment	of	hematuria	 is	essentially	entirely	dependent	on	 the	cause.
Thus,	management	 of	 patients	 with	 hematuria	 lies	mainly	 in	 establishing
the	origin	of	hematuria,	determining	malignancy	versus	benign	origin,	and
rapid	triage	to	the	appropriate	specialist.
Any	 patient	 thought	 to	 have	 bleeding	 of	 glomerular	 origin	 (e.g.,	 red	 cell
casts,	 proteinuria,	 elevated	 creatinine)	 should	 be	 seen	 promptly	 by	 a
nephrologist,	 particularly	 those	 patients	 who	 have	 evidence	 of	 renal
dysfunction.
Patients	with	renal	calculi,	masses,	or	positive	cytology	should	be	evaluated
by	a	urologist.

MONITORING/FOLLOW-UP
In	 patients	 with	 persistent	 microscopic	 hematuria,	 yearly	 urinalysis	 should	 be
conducted.	 If	 two	consecutive	annual	urinalyses	are	negative	for	hematuria,	no
further	screening	urinalyses	for	detecting	hematuria	are	required.	In	patients	with
persistent	 microscopic	 hematuria	 with	 an	 initial	 negative	 workup,	 clinicians
should	consider	repeating	workup	every	3–5	years.1
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GENERAL	PRINCIPLES
Pneumonia	 is	 an	 inflammatory	 condition	 of	 the	 pulmonary	 parenchyma
caused	by	an	infection.	The	symptoms,	treatment,	and	morbidity	associated
with	the	infection	vary	by	the	setting	in	which	it	is	acquired.
A	classification	system	for	pneumonia	has	been	adopted	by	 the	 Infectious
Disease	 Society	 of	 America	 (IDSA)	 and	 the	 American	 Thoracic	 Society
(ATS)	as	below1:

Community-acquired	pneumonia	 (CAP):	acquired	as	an	outpatient,
without	any	risk	factors	for	HCAP,	as	below
Hospital-acquired	 pneumonia	 (HAP):	 acquired	 48	 hours	 or	 more
after	admission	if	not	incubating	at	admission
Health	 care–associated	 pneumonia	 (HCAP):	 acquired	 in	 patients
who	were	 hospitalized	 in	 acute	 care	 hospitals	 for	 ≥2	 days	within	 90
days	of	onset	of	infection,	reside	in	a	nursing	home	or	long-term	care
facility,	 attended	 a	 hospital-based	 or	 hemodialysis	 clinic,	 or	 received
recent	wound	care,	chemotherapy,	or	intravenous	IV	antibiotics
Ventilator-associated	 pneumonia	 (VAP):	 pneumonia	 occurring	 in
patients	more	than	48–72	hours	after	intubation

Medical	 consultants	 will	 be	 asked	 to	 help	manage	 pneumonia	 contracted
from	various	locations,	both	in	and	out	of	the	hospital.

Epidemiology
Pneumonia	 is	 a	 significant	 contributor	 to	 morbidity	 and	 mortality
worldwide.	According	to	the	2010	US	National	Hospital	Discharge	Survey,
pneumonia	was	the	fifth	most	common	major	primary	diagnosis	at	the	time
of	discharge	from	inpatient	care.



The	 mortality	 associated	 with	 pneumonia	 increases	 drastically	 with	 age,
from	2	annual	deaths	per	100,000	population	for	those	aged	35–44	to	104
annual	deaths	per	100,000	population	in	those	aged	75–84.2

Pathophysiology
The	etiology	of	pneumonia	 in	a	particular	patient	depends	on	a	variety	of
factors,	 including	host	 immune	status	and	comorbidities	 including	chronic
respiratory	 disease	 and	 chronic	 liver	 disease	 and	 infection	 status	 of
contacts.
Viral	 pneumonias,	 such	 as	 influenza	 pneumonia,	 spread	 between	 hosts
through	 multiple	 mechanisms	 including	 direct	 exposure	 of	 host	 mucosa
with	 virus-inoculated	 bodily	 fluids	 of	 an	 infected	 contact,	 airborne
inhalation	 of	 virus-inoculated	 droplets,	 and	 hand-to-mouth	 exposure	 of
virus-inoculated	secretions	via	direct	contact	or	fomites.
Bacterial	 pneumonias	 typically	 began	 as	 micro-	 or	 macroaspirations	 of
nasopharyngeal	 or	 oropharyngeal	 bacteria.	 Rarely,	 bacteria	 can	 be
transmitted	 through	 airborne	 droplets	 and	 lead	 to	 pneumonia	 after
inhalation.
After	 inoculation	 of	 alveoli	 with	 the	 causative	 agent	 of	 pneumonia,	 an
inflammatory	cascade	is	activated	with	subsequent	chemotaxis	and	cytokine
release.	 This	 process	 leads	 to	 symptoms	 typical	 of	 pneumonia	 including
cough,	fatigue,	fever,	dyspnea,	and	chest	pain.
Common	pathogens	of	CAP	include	the	following:

Bacteria
Streptococcus	pneumoniae	(most	common)
Haemophilus	influenzae
Moraxella	catarrhalis
Chlamydophila	pneumoniae
Mycoplasma	pneumoniae
Legionella	species	and	others

Viruses	(influenza	and	others)
Fungi	(e.g.,	Histoplasma)

In	 cases	 of	 HCAP,	 HAP,	 and	VAP,	 typical	 causative	 organisms	 are	more
likely	to	be	bacteria	with	up	to	70%	of	cases	caused	by	gram-negative	rods.
Viral	and	fungal	pathogens	are	unusual.	HAP	and	VAP	acquired	early	in	the
hospital	 course	 are	 less	 likely	 to	 involve	 multidrug-resistant	 (MDR)
organisms,	and	the	spectrum	of	organisms	is	closer	to	CAP.



Common	bacterial	pathogens	include	the	following:
Pseudomonas	aeruginosa
Klebsiella	pneumoniae
Escherichia	coli
Acinetobacter	species
Serratia	species
Enterobacter	species
Staphylococcus	 aureus,	 including	 multidrug-resistant	 S.	 aureus
(MRSA)

DIAGNOSIS

Clinical	Presentation
History

The	initial	presentation	of	patients	with	pneumonia	can	vary	widely	based
on	causative	agent,	comorbid	conditions,	and	severity	of	infection.
Symptoms	typical	of	pneumonia	include	the	following:

Cough
Dyspnea
Increased	sputum	production
Pleuritic	chest	pain
Fevers
Chills
Anorexia
Nausea	and	vomiting
Mental	status	changes,	particularly	in	the	elderly

Physical	Examination
The	 physical	 examination	 for	 pneumonia	 should	 involve	 prompt	 evaluation	 of
vital	signs	and	stability	of	respiratory	status.	Findings	typical	of	pneumonia	can
include	rales,	rhonchi,	or	evidence	of	consolidation	with	egophony	and	dullness
to	percussion.



Differential	Diagnosis
There	are	several	noninfectious	etiologies	that	may	mimic	pneumonia.

Aspiration	pneumonitis
Congestive	heart	failure	(CHF)
Pulmonary	embolus
Acute	respiratory	distress	syndrome	(ARDS)
Malignancy
Bronchiolitis	obliterans	organizing	pneumonia	(BOOP)
Alveolar	hemorrhage
Vasculitis
Drug	reaction

Diagnostic	Testing
Initial	diagnostic	evaluation	of	suspected	pneumonia	in	an	acute	care	setting
or	 hospital-based	 clinic	 should	 include	 chest	 radiograph	 and	 laboratory
evaluation	including	the	following:

Sputum	 Gram	 stain	 and	 culture	 and	 blood	 Gram	 stain	 and	 culture
(positive	in	10–20%	of	pneumonias)	prior	to	antibiotic	administration
if	feasible
Legionella	 pneumophila	 urine	 antigen	 and	 S.	 pneumoniae	 urine
antigen	 tests	 if	 these	 infections	 as	 suspected	 and	 especially	 in	 the
setting	of	critical	illness
Complete	blood	cell	count	(CBC)
Lactic	acid	level	if	sepsis	syndrome	criteria	are	met
Procalcitonin	level	may	be	used	to	help	differentiate	between	viral	and
bacterial	 etiologies	 of	 pneumonia	 and	 guide	 duration	 of	 antibiotic
therapy.

If	a	significant	pleural	effusion	is	present	(>1	cm	of	fluid	layers	on	a	lateral
decubitus),	consider	a	diagnostic	thoracentesis	to	rule	out	an	empyema.
In	 intubated	 patients,	 tracheal	 aspirate	 Gram	 stain	 and	 culture	 have	 been
shown	to	correlate	well	with	invasive	quantitative	cultures,	with	some	loss
of	specificity.
Nasopharyngeal	 respiratory	 viral	 pathogen	 multiplex	 polymerase	 chain
reaction	(PCR)	and	 influenza	virus	PCR	may	help	rapidly	detect	common
respiratory	viruses	as	causative	or	contributory	agents	in	pneumonia.



TREATMENT
Admission	decision:	The	decision	to	admit	a	patient	with	CAP	is	complex.
Multiple	scoring	systems	have	been	established	to	aid	risk	stratification	in
this	 cohort	 of	 patients.	 The	most	 frequently	 used	 prediction	 rules	 include
the	Pneumonia	Severity	 Index	(complex,	but	best	supported	by	evidence),
the	CURB-65	score	(easy	to	implement),	and	the	severe	CAP	score	(helpful
in	 stratifying	which	 patients	may	 be	 best	 suited	 in	 an	 intensive	 care	 unit
setting).
The	CURB-65	criteria	have	been	used	to	predict	30-day	mortality.	A	score
of	2	points	out	of	5	warrants	consideration	for	short-stay	unit	admission	or
close	 outpatient	 monitoring,	 and	 a	 score	 of	 3	 or	 more	 suggests	 need	 for
inpatient	 hospitalization	 and	 consideration	 for	 ICU	 admission.	 CURB-65
criteria	 (0–1	 points,	 outpatient;	 2	 points,	 medical	 floor	 admission;	 ≥	 3
points,	ICU-level	care).3

Confusion
Uremia	(blood	urea	nitrogen	[BUN]	>	20	mg/dL)
Respiratory	rate	(>30	breaths/min)
Blood	pressure	(systolic	<	90	mm	Hg	or	diastolic	<60	mm	Hg)
Age	≥	65	years

If	 a	 patient	 is	 hospitalized,	 general	 supportive	 measures	 such	 as	 oxygen
supplementation,	 pulmonary	 toilet,	 and	 prophylaxis	 for	 deep	 venous
thrombosis	 should	 always	 be	 considered.	 Hospitalization	 also	 offers	 an
opportunity	 to	 screen	 for	 pneumococcal	 infection	 and	 administer
pneumococcal	 vaccine.	 Initial	 selection	 of	 antibiotic	 is	 discussed	 below.
Pathogen-directed	therapy	is	ideal	if	an	organism	is	later	obtained.	Prompt
initiation	of	antibiotics	appears	to	improve	outcomes.4
Empiric	 recommendations	 for	 antibiotic	 therapy	 are	 guided	 by	 likely
organisms	and	expected	resistance	patterns	of	these	organisms.	As	above,	it
is	 important	 to	 tailor	 these	 recommendations	 based	 on	 location	 and
temporal	situation	(know	your	antibiogram).

Community-acquired	pneumonia5
A	β-lactam	 antibiotic	 plus	 a	macrolide	 (e.g.,	 ceftriaxone	 1	 g	 IV
qday	plus	azithromycin	250	mg	PO	qday)	OR	a	fluoroquinolone
(e.g.,	moxifloxacin,	400	mg	PO/IV	qday)
In	 those	 patients	 ill	 enough	 to	 require	 ICU	 placement,
fluoroquinolone	 therapy	 should	 be	 combined	 with	 a	 β-lactam



agent.
A	recent	meta-analysis	has	shown	that	systemic	corticosteroids	in
hospitalized	 patients	 with	 CAP	 may	 confer	 a	 modest	 mortality
benefit	and	reduce	hospital	stay.6

Hospital-	or	ventilator-acquired	pneumonia,	early	onset:	early	HAP
without	risk	factors	for	MDR	may	be	treated	as	CAP	above.
Hospital-	or	ventilator-acquired	pneumonia,	late	onset;	health	care–
acquired	pneumonia;	or	any	risk	for	multidrug-resistant	pathogens1

Antipseudomonal	 cephalosporin	 (e.g.,	 cefepime)	 OR
antipseudomonal	carbapenem	(e.g.,	meropenem)	OR	β-lactam/β-
lactamase	 inhibitor	 (piperacillin–tazobactam);	 aztreonam	 can	 be
substituted	for	penicillin	allergic	patients	PLUS
Antipseudomonal	fluoroquinolone	OR	aminoglycoside	PLUS
Vancomycin	or	linezolid

According	to	ATS/IDSA	guidelines,1	 treatment	of	nosocomial	pneumonias
such	as	VAP,	HCAP,	and	HAP	should	follow	these	general	principles:

Avoid	inadequate	treatment	given	significant	increase	in	mortality	with
undertreated	health	care	infections.
Tailor	 antibiotic	 therapy	 based	 on	 region,	 hospital,	 location	 within
hospital,	and	time	period.
Avoid	antibiotic	overuse	by	tailoring	therapy	based	on	culture	results
and	treating	for	minimum	effective	time	period.

Patients	will	usually	respond	to	appropriate	treatment	within	3–4	days,	even
if	they	are	bacteremic.7	Nonresponders	after	this	time	should	be	evaluated
for	 resistant	organisms,	 empyema,	or	 the	 alternate	 etiologies	 listed	above.
The	IDSA	and	ATS	recommend	that	CAP	should	be	treated	for	a	minimum
of	5	days	and	until	 the	patient	 is	 afebrile	 for	72	hours.	Step-down	 to	oral
therapy	and	discharge	 from	 the	hospital	 can	occur	when	 there	 is	no	more
than	 one	 marker	 of	 clinical	 instability.8	 See	 Table	 21-1	 for	 markers	 of
clinical	stability.
Duration	 of	 therapy	 for	 nosocomial	 pneumonias	 is	 uncertain,	 but	 shorter
duration	(8	vs.	15	days)	has	been	shown	to	be	as	effective	and	to	lead	to	less
resistance.9	 Pseudomonas	 and	 Staphylococcus	 species	 warrant	 14-day
courses.1	Negative	 growth	 in	 sputum	 or	 tracheal	 aspirate	 allows	 stopping
treatment	for	Staphylococcus.
It	is	also	advisable	to	repeat	the	chest	x-ray	in	6–12	weeks	in	older	patients
and	chronic	smokers	to	document	resolution	of	pneumonia	and	exclude	an
associated	malignancy	leading	to	infection.
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TABLE	21-1	MARKERS	OF	CLINICAL	STABILITY

Adapted	 from	Halm	EA,	Fine	MJ,	Kapoor	WN,	 et	 al.	 Instability	 on	 hospital	 discharge	 and	 the	 risk	 of
adverse	outcomes	in	patients	with	pneumonia.	Arch	Intern	Med	2002;162(11):1278–84.
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GENERAL	PRINCIPLES
Urinary	 tract	 infections	 (UTIs)	 are	 the	 second	 most	 common	 cause	 for
antibiotic	prescription	after	upper	respiratory	infections.
UTIs	 range	 from	simple	 cystitis	 to	pyelonephritis,	 bacteremia,	 and	 sepsis.
Definitions	include	the	following:

Cystitis	is	an	infection	of	the	bladder	and	the	lower	urinary	tract.
Uncomplicated	 cystitis	 is	 an	 infection	 in	 women	 with	 a
structurally	normal	urinary	tract	system.
Complicated	cystitis	is	an	infection	in	men,	in	pregnant	women,
or	in	the	setting	of	obstruction,	immunosuppression,	renal	failure,
indwelling	 urinary	 catheter	 or	 nephrostomy	 tube	 or	 other	 recent
instrumentation/urological	 procedure,	 renal	 transplant,	 urinary
retention,	 and	 other	 metabolic	 abnormalities	 or	 infections	 with
unusual	pathogens.

Pyelonephritis	is	an	infection	involving	the	kidney.	Similar	definitions
exist	 for	 uncomplicated	 and	 complicated	 pyelonephritis.	 Namely,
patients	 with	 a	 structurally	 abnormal	 genitourinary	 tract	 have
complicated	pyelonephritis.

Uncomplicated	 cystitis	 is	 especially	 frequent	 in	 women	 and	 generally
responds	readily	to	antibiotics.
UTIs	also	account	for	40%	of	all	hospital-acquired	 infections,	 typically	 in
the	 setting	 of	 an	 indwelling	 urinary	 catheter,	 and	 contribute	 significant
morbidity	and	mortality.

Decreased	urine	flow	(e.g.,	outflow	obstruction,	prostatic	disease,	strictures,
calculus,	neurogenic	bladder,	inadequate	fluid	intake)1
Increased	 urinary	 tract	 colonization	 (e.g.,	 sexual	 activity,	 estrogen
depletion,	or	use	of	spermicides	or	systemic	antibiotics)1



Bacterial	ascent	(e.g.,	urinary	catheterization	or	instrumentation)1

DIAGNOSIS

Clinical	Presentation
History

It	 is	 important	 to	 distinguish	 simple	 cystitis	 from	 a	 complicated	UTI	 and
pyelonephritis.	 It	 may	 be	 difficult	 to	 differentiate	 cystitis	 from
pyelonephritis	 in	 many	 patients	 because	 signs	 and	 symptoms	 may	 be
nonspecific.
It	 is	 important	 to	 discern	 historical	 information	 that	 would	 differentiate
uncomplicated	versus	complicated	infection	as	UTIs	are	classified	based	on
patient	characteristics.
Typical	symptoms	such	as	dysuria,	urinary	frequency,	and	urinary	urgency
are	common	in	all	types	of	UTI.
Fever,	back	pain,	nausea,	vomiting,	and	malaise	suggest	pyelonephritis,	but
these	symptoms	are	neither	sensitive	nor	specific.

Physical	Examination

Patients	with	cystitis	may	have	suprapubic	tenderness.
Fever	and	tenderness	at	the	costovertebral	angle	indicate	pyelonephritis.
Men	should	have	a	prostate	exam	to	rule	out	prostatitis	and	genital	exams	to
rule	out	orchitis	or	epididymitis.

Diagnostic	Testing
Laboratories

Diagnosis	is	made	with	appropriately	collected	urinalysis	and	urine	culture.
A	 clean-catch	 midstream	 urine	 specimen	 is	 preferred	 to	 minimize
contamination,	particularly	in	women.	In	catheterized	patients,	urine	should



be	 collected	 from	 the	 drainage	 catheter	 (many	 systems	 have	 a	 needleless
port	for	this	purpose)	and	not	the	drainage	bag.
Pyuria:	>10	leukocytes	per	high-power	field	on	microscopy.	Specificity	for
UTI	 increases	 to	 99%	when	 pyuria	 is	 associated	 with	 a	 bacterial	 colony
count	of	>105	colony-forming	units	(CFU)/mL	from	an	accompanying	urine
culture;	however,	sensitivity	remains	low	at	51%.1
Nitrite	test:	effective	at	detecting	gram-negative	infections	in	first-morning
voids;	however,	during	later	voids,	 the	bacteria	do	not	have	adequate	time
to	reduce	nitrate	to	nitrite.

Imaging
Imaging	 of	 the	 urinary	 tract	 should	 be	 considered	 for	 all	 men,	 women	 with
treatment	failure,	and	in	those	with	persistent	pyuria	or	hematuria.1

TREATMENT
Cystitis

Uncomplicated	 cystitis	 is	 generally	 monomicrobial	 and	 most
commonly	 caused	 by	 Escherichia	 coli	 (E.	 coli)	 followed	 by
Staphylococcus	 saprophyticus	 and	 Enterococcus	 species.	 Empiric
therapy	 includes	 trimethoprim–sulfamethoxazole	 (TMP–SMX),
nitrofurantoin,	 fluoroquinolones	 (e.g.,	 ciprofloxacin	 given	 its	 high
urinary	concentration),	and	fosfomycin.2	Local	antibiotic	susceptibility
patterns	 should	 be	 considered	 when	 selecting	 empiric	 therapy.
Standard	duration	of	therapy	is	3–7	days.2
In	complicated	cystitis,	in	addition	to	those	bacteria,	a	wider	spectrum
of	organisms	including	Pseudomonas,	Serratia,	Providencia,	and	fungi
may	be	encountered.	Longer	durations	of	therapy	may	be	necessary	in
patients	 with	 delayed	 response	 to	 treatment	 or	 complicated	 cystitis.
Generally,	 a	 14-day	 course	 of	 antibiotics	 is	 recommended	 for	 a
complicated	UTI.

Pyelonephritis
E.	coli	and	Enterococcus	are	 the	most	common	organisms	 implicated
in	 uncomplicated,	 community-acquired	 pyelonephritis.	 In	 addition	 to
these	 organisms,	 patients	 with	 complicated	 UTI,	 with	 recurrent



infection,	or	who	are	hospitalized	may	have	a	greater	risk	of	infection
due	 to	 antibiotic-resistant	 organisms	 (e.g.,	 Proteus,	 Klebsiella,
Enterobacter,	and	Pseudomonas).
Imaging	 is	 recommended	 if	 symptoms	 persist	 after	 48–72	 hours	 of
appropriate	antibiotic	therapy.	Renal	ultrasonography	and	CT	scan	are
useful	modalities	for	evaluating	the	urinary	tract.
Uncomplicated	 pyelonephritis	 in	 patients	 able	 to	 tolerate	 oral	 intake
can	 be	 treated	 with	 fluoroquinolones	 specifically	 ciprofloxacin	 or
TMP–SMX.	 If	 a	 gram-positive	 organism	 is	 suspected,	 amoxicillin–
clavulanate	is	an	acceptable	alternative.2
If	 the	 patient	 is	 ill	 with	 leukocytosis,	 high	 fever,	 signs	 of	 sepsis,	 or
nausea	and	vomiting,	intravenous	antibiotics	such	as	a	fluoroquinolone
with	 or	 without	 an	 aminoglycoside	 or	 third-	 or	 fourth-generation
cephalosporin	with	or	without	an	aminoglycoside	should	be	used.
In	 patients	 with	 complicated	 pyelonephritis	 where	 an	 antibiotic-
resistant	 organism	 is	 suspected,	 initial	 treatment	 should	 consist	 of	 a
beta-lactam/beta-lactamase	 inhibitor,	 a	 carbapenem,	 or	 an
aminoglycoside.
Duration	of	 therapy	for	pyelonephritis	 is	7–14	days	with	more	recent
data	demonstrating	that	7	days	of	therapy	is	adequate.3

SPECIAL	CONSIDERATIONS

Renal	and	Perinephric	Abscesses
Can	be	a	complication	of	UTI	or	result	from	hematogenous	spread.
Risk	factors	include	diabetes,	pregnancy,	and	anatomic	abnormalities.4
Symptoms	 include	 fever,	 chills,	 abdominal	 pain,	 and	 less	 commonly
dysuria.	 Costovertebral	 angle	 tenderness	 may	 be	 present	 on	 physical
examination.5
Contrast	CT	 is	 the	best	 imaging	modality	 for	 evaluation	of	 renal	 abscess.
Ultrasonography	can	also	be	used.4,5
Empiric	therapy	should	be	directed	toward	the	suspected	causative	agents.
If	 the	 abscess	 is	 thought	 to	 be	 due	 to	 pyelonephritis,	 therapy	 should	 be
directed	 against	 gram-negative	 organisms.	 If	 hematogenous	 spread	 is



suspected,	antibiotics	should	cover	the	organism	infecting	the	bloodstream.
Drainage	is	required	for	all	perinephric	abscesses.	For	renal	abscesses,	size
>	5	cm	warrants	drainage.4

Catheter-Associated	UTI
Catheter-associated	UTI	(CAUTI)	is	defined	as	growth	of	≥103	CFU/mL	of
bacteria	with	 signs	 and	 symptoms	 suggestive	 of	UTI,	 such	 as	 suprapubic
discomfort	 or	 costovertebral	 angle	 tenderness,	 or	 unexplained	 systemic
symptoms	(e.g.,	altered	mental	status,	hypotension,	fever,	or	leukocytosis),6
in	the	setting	of	an	indwelling	urinary	catheter	(e.g.,	urethral,	suprapubic,	or
intermittent	straight	catheterization).
Duration	 of	 urinary	 catheterization	 is	 the	 most	 important	 risk	 factor	 for
developing	 a	 CAUTI.	 Discontinuation	 of	 the	 urinary	 catheter	 as	 early	 as
possible	is	an	effective	CAUTI	prevention	measure.
E.	coli	 is	 the	most	 common	pathogen,	 followed	by	Enterococcus	 species,
Candida,	Pseudomonas,	and	Klebsiella.6
Empiric	 therapy	 should	 consist	 of	 a	 third-generation	 cephalosporin	 (e.g.,
ceftriaxone)	or	a	fluoroquinolone.	In	critically	ill	patients	or	if	an	antibiotic-
resistant	 organism	 is	 suspected,	 coverage	 should	 be	 expanded	 to	 include
Pseudomonas	as	well	as	gram-positive	bacteria.
Duration	 of	 therapy	 is	 generally	 7	 days	 for	 patients	 who	 exhibit	 prompt
resolution	of	symptoms.	It	may	be	expanded	to	10–14	days	for	patients	with
a	delayed	response	to	therapy.

Asymptomatic	Bacteriuria
Defined	as	the	isolation	of	>105	CFU/mL	of	the	same	organism	in	the	urine
in	a	single	clean-catch	specimen	for	men	or	 in	 two	clean-catch	specimens
for	women	 in	 the	 absence	 of	 symptoms	 (fever,	 chills,	 leukocytosis,	 flank
pain,	dysuria,	frequency).
Treat	 if	 the	 patient	 is	 pregnant	 or	 if	 the	 patient	will	 undergo	 a	 urological
intervention	where	mucosal	bleeding	is	expected.7
Treatment	is	not	indicated	in	the	elderly,	spinal	cord	injury	patients,	patients
with	a	urinary	catheter,	or	those	with	diabetes	mellitus.7



Asymptomatic	 Bacteriuria	 and	 UTI	 in
Pregnancy

Screen	 all	 pregnant	 women	 between	 12	 and	 16	 weeks	 of	 gestation	 for
asymptomatic	bacteriuria	by	urine	culture.

Treat	 if	bacteriuria	 is	present;	asymptomatic	bacteriuria	 in	pregnancy
has	 been	 associated	 with	 an	 increased	 risk	 of	 pyelonephritis	 and
adverse	outcomes	(e.g.,	preterm	delivery,	low	birth	weight).
Antibiotic	therapy	should	be	tailored	toward	the	susceptibility	pattern
of	 the	 recovered	organism.	The	 suggested	duration	of	 therapy	 is	3–7
days.7
A	follow-up	urine	culture	should	be	obtained	a	week	after	 therapy	 to
document	clearance	of	bacteriuria.

UTI	 symptoms	 such	 as	 dysuria,	 frequency,	 and	 urgency	 should	 prompt
empiric	antibiotic	therapy	as	well	as	urinalysis	and	urine	culture.7
Pregnant	women	with	pyelonephritis	 can	be	 systemically	 ill	 and	are	at	 an
increased	 risk	 for	 obstetrical	 complications	 as	 well	 as	 sepsis	 and	 septic
shock.	Pyelonephritis	 is	 typically	treated	with	parenteral	antibiotics	during
pregnancy.	Duration	of	treatment	should	be	7–14	days.
Safe	 antibiotics	 to	 treat	 UTI	 during	 pregnancy	 include	 penicillins,
cephalosporins,	 aztreonam,	 carbapenems	 (except	 imipenem–cilastatin),
nitrofurantoin,	and	fosfomycin.	TMP–SMX	should	be	avoided	during	early
pregnancy	as	it	is	a	folic	acid	antagonist.1

Recurrent	UTI
Recurrent	UTI	is	defined	as	having	three	or	more	infections	per	year.8

Risk	 factors	 include	 spermicide	 use,	 new	 sexual	 partner,	 urinary
incontinence,	and	increased	postvoid	residual	urine.
Prevention	strategies	include	postcoital	voiding,	increased	fluid	intake,
and	avoidance	of	contraceptive	spermicides.

Suppressive	or	postcoital	antibiotic	prophylaxis	may	be	considered	as	a	last
resort	for	UTI	prevention,	but	may	promote	antibiotic	resistance.8
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GENERAL	PRINCIPLES
Cellulitis	is	defined	as	an	infection	of	the	skin	and	underlying	subcutaneous
tissue.
Prior	skin	breakdown	in	the	involved	area	from	trauma,	surgery,	animal	or
insect	 bites,	 underlying	 eczema,	 or	 edema	 may	 predispose	 the	 skin	 to
develop	cellulitis.
However,	in	some	instances,	no	identifiable	portal	of	entry	of	bacteria	from
skin	breakdown	or	trauma	may	be	identified.
As	with	any	infectious	process,	the	patient’s	history	and	physical	exam	are
essential	 in	 determining	 whether	 a	 patient	 will	 improve	 clinically	 with
outpatient	versus	inpatient	antibiotic	treatment.
Thus,	a	focus	on	background	comorbidities	as	well	as	risk	factors	including
immunocompromised	 states	 remains	 an	 important	 foundation	 in	 assessing
the	overall	clinical	risk	of	the	patient	with	cellulitis.

The	most	 common	 organisms	 causing	 cellulitis	 in	 the	 general	 population
are	typically	gram-positive	cocci	arising	from	the	skin	flora.

Staphylococcus	aureus,	 including	methicillin-resistant	Staphylococcus
aureus	(MRSA)	isolates
Streptococcus	species	(β-hemolytic,	groups	A,	B,	C,	and	G)

If	the	cellulitis	occurs	after	an	animal	bite,	as	from	a	cat	or	dog,	organisms
may	 also	 include	 anaerobic	 bacteria	 such	 as	 Pasteurella	 multocida,
Bacteroides,	or	Fusobacterium.
Necrotizing	 infections	 may	 be	 caused	 by	 Streptococcus	 pyogenes,	 Vibrio
vulnificus,	or	Aeromonas	hydrophila.
Gas	gangrene	infections	may	be	caused	by	Clostridium	perfringens	or	other
Clostridium	species.
In	immunocompromised	patients,	unusual	bacterial,	fungal,	or	viral	causes



should	also	be	considered.

DIAGNOSIS

Clinical	Presentation
History

Cellulitis	may	 affect	 any	 area	 of	 the	 skin.	 However,	 the	most	 commonly
affected	areas	include	the	extremities,	head	and	neck,	and	abdomen.
Risk	 factors	 for	 developing	 an	 extremity	 cellulitis,	 such	 as	 venous	 or
arterial	 insufficiency,	 peripheral	 neuropathy,	 eczema,	 or	 lymphedema,
should	be	explored.
Immunocompromising	 states,	 such	 as	 diabetes	 mellitus,	 human
immunodeficiency	 virus	 (HIV)	 infection,	 chronic	 steroid	 or
immunosuppressant	 medication	 usage,	 history	 of	 recent	 radiation	 or
chemotherapy	treatment,	should	also	be	investigated.
A	 history	 of	 any	 recent	 trauma	 to	 the	 affected	 skin	 should	 be	 elicited,
including	 the	 mechanism	 of	 injury,	 for	 example,	 animal	 bite,	 and	 the
possibility	of	an	indwelling	foreign	body.
The	presence	of	systemic	symptoms,	such	as	fevers,	rigors,	and	malaise,	is
relevant	for	determining	the	severity	of	the	infection	and	assessing	the	risk
of	necrotizing	fasciitis,	gas	gangrene,	toxic	shock	syndrome,	or	deep	tissue
involvement.

Physical	Examination

Cellulitis	usually	manifests	as	warm,	tender,	and	erythematous	skin.
In	contrast	 to	erysipelas,	 the	erythema	 in	cellulitis	 is	not	 raised	or	sharply
demarcated.
The	involved	area	of	cellulitis	should	be	delineated	with	a	marking	pen	on
presentation	 so	 that	 subsequent	 physical	 examinations	 can	 determine
whether	the	cellulitis	is	improving.
Regional	draining	lymph	nodes	should	be	palpated.
Examine	 the	 patient	 for	 the	 presence	 of	 an	 abscess,	 subcutaneous	 foreign



body,	and	skin	necrosis.
Pain	and	tenderness	out	of	proportion	to	other	signs	of	infection,	as	well	as
the	 presence	 of	 subcutaneous	 crepitation,	 are	 concerning	 for	 necrotizing
fasciitis.
If	 the	 cellulitis	 involves	 the	 lower	 extremity,	 examine	 the	 toes	 for	 tinea
pedis,	diabetic	 foot	ulcerations,	 edema,	or	other	potentially	 reversible	 risk
factors.	 Monofilament	 examination	 can	 be	 helpful	 in	 revealing	 an
underlying	sensory	neuropathy,	which	can	predispose	to	infections.

Diagnostic	Testing
Laboratories

For	 patients	 whose	 cellulitis	 warrants	 inpatient	 admission,	 a	 routine
complete	 blood	 count	 (CBC)	 should	 be	 obtained	 and	 may	 show	 a
leukocytosis	with	a	left	shift.
Blood	 and	 cutaneous	 aspirate	 cultures	 need	 not	 be	 obtained	 routinely	 but
should	be	considered	if	the	patient	is	immunocompromised,	shows	systemic
signs	of	infection,	or	has	an	exposure	history	that	would	suggest	an	unusual
pathogen	(e.g.,	water	immersion	or	animal	bite).1
Abscess	or	other	purulent	drainage,	if	present,	should	be	evaluated	by	Gram
stain	and	bacterial	culture.
A	 creatine	 kinase	may	 be	 elevated	 in	 patients	 showing	 systemic	 toxicity,
especially	 those	 that	may	 have	 a	 deeper	 infection	 such	 as	 pyomyositis	 or
necrotizing	fasciitis.

Imaging

Plain	 films	 should	 be	 considered	 of	 an	 involved	 extremity	 if	 the	 clinical
picture	is	concerning	for	osteomyelitis	or	retained	foreign	body.	Plain	films
may	 demonstrate	 gas	 within	 the	 soft	 tissues,	 which	 is	 concerning	 for	 a
necrotizing	infection.
Computed	 tomography	(CT)	or	magnetic	 resonance	 imaging	(MRI)	of	 the
involved	 extremity	 can	 be	 of	 use	 in	 diagnosing	 necrotizing	 fasciitis	 and
ruling	out	underlying	osteomyelitis.
A	venous	Doppler	ultrasound	may	be	useful	 to	 rule	out	 the	presence	of	 a
deep	venous	thrombosis	and	associated	thrombophlebitis	when	the	cellulitis



involves	an	extremity.

TREATMENT
Any	 concern	 for	 necrotizing	 fasciitis	 or	 gas	 gangrene	 should	 prompt	 an
emergent	 surgical	 consultation,	 which	 should	 not	 be	 withheld	 pending
imaging	or	laboratory	studies.
Orthopedic	or	plastic	surgery	expertise	may	be	indicated	when	the	cellulitis
involves	 the	 hand	 or	 fingers	 to	 ensure	 that	 there	 is	 no	 compartment
syndrome,	 septic	 arthritis,	 or	 tenosynovitis,	 which	 could	 require	 surgical
incision	 and	 drainage.	 Infectious	 diseases	 consultation	 should	 be	 pursued
for	complicated	cellulitis	or	whenever	management	questions	arise.
Important	considerations	in	the	antimicrobial	treatment	of	cellulitis	include
the	 presence	 or	 absence	 of	 purulence,	 which	 is	 an	 indication	 for	 empiric
MRSA	 coverage,	 and	 the	 severity	 of	 infection,	 which	 determines	 the
treatment	setting	of	inpatient	versus	outpatient.1
Purulent	 infections	 include	 furuncles,	 carbuncles,	 and	 abscesses.	 Any
abscesses	 or	 purulent	 fluid	 collections	 should	 be	 incised	 and	drained,
and	foreign	bodies	should	be	removed	if	possible.

Mild	infections	may	respond	incision	and	drainage	alone.1
Moderate	 infections	 should	be	 incised	 and	drained	as	 above,	 and	 the
fluid	 sent	 for	 Gram	 stain	 and	 culture.	 Empiric	 antibiotics	 should	 be
started	and	target	community-acquired	MRSA	(CA-MRSA),	including
trimethoprim–sulfamethoxazole	(TMP–SMX)	and	doxycycline.1
Severe	 infections	 should	 be	 incised	 and	 drained	 and	 fluid	 sent	 for
Gram	 stain	 and	 culture	 and	 IV	 antibiotics	 started	 targeting	 MRSA,
including	 vancomycin,	 daptomycin,	 linezolid,	 telavancin,	 or
ceftaroline.1

Mild,	 nonpurulent	 cellulitis	 in	 an	 immunocompetent	 patient	 can	 be
treated	 with	 oral	 antibiotics	 with	 outpatient	 follow-up.	 Empiric	 coverage
against	MRSA	is	unnecessary	in	patients	with	uncomplicated,	nonpurulent
cellulitis.2	Choices	in	this	setting	include	the	following:

Cephalexin	500	mg	PO	q6h
Dicloxacillin	500	mg	PO	q6h
Clindamycin	450–600	mg	PO	q8h

Empiric	 CA-MRSA	 coverage	 is	 recommended	 whenever	 cellulitis	 is



associated	with	purulent	drainage.3	Outpatient	treatment	options	include	the
following:

Clindamycin	450–600	mg	PO	q8h
TMP–SMX	1–2	double	strength	(DS)	tabs	PO	q12h
Doxycycline	100	mg	PO	q12h

Risk	 factors	 for	 treatment	 failure	 include	morbid	 obesity	 and	 recent	 prior
antibiotic	 treatment.	 In	 patients	 with	 morbid	 obesity,	 lower	 doses	 of
clindamycin	 and	 TMP–SMX	 were	 also	 associated	 with	 higher	 risk	 of
clinical	failure.	Therefore,	in	the	absence	of	a	contraindication,	higher	doses
(e.g.,	clindamycin	600	mg	PO	q8h	or	TMP–SMX	2	DS	tabs	PO	q12h)	of
these	medications	are	preferred	in	this	patient	population.4
Inpatient	 management	 is	 indicated	 for	 patients	 with	 the	 systemic
inflammatory	response	syndrome	(SIRS),	hemodynamic	instability,	deep	or
necrotizing	 infection,	 significant	 immune	 compromise,	 or	 prior	 outpatient
treatment	 failure.1	 Initial	 therapies	 for	 nonpurulent	 cellulitis	 in	 a
hemodynamically	 stable,	 nontoxic-appearing	 hospitalized	 patient	 include
the	following:

Oxacillin	1–2	g	IV	q6h
Cefazolin	1–2	g	IV	q8h
Clindamycin	600	mg	IV	q8h

For	 patients	 with	 severe	 cellulitis,	 as	 defined	 by	 the	 presence	 of	 SIRS,
organ	dysfunction,	bullae,	skin	sloughing,	or	an	immunocompromised	state,
empiric	treatment	with	IV	vancomycin	is	recommended.	The	initial	dose	is
typically	15–20	mg/kg	q12h,	 although	an	 initial	 one-time	 loading	dose	of
25	mg/kg	may	be	considered	in	seriously	ill	patients.	Vancomycin	dosing	is
dependent	on	renal	function,	and	trough	levels	should	be	monitored	closely.
In	patients	with	purulent	 cellulitis,	 alternatives	 to	vancomycin	 include	 the
following:

Daptomycin	4–6	mg/kg	IV	q24h
Linezolid	600	mg	IV	q12h
Ceftaroline	600	mg	IV	q8h

Empiric	 coverage	 for	 severe,	 nonpurulent	 cellulitis,	 including	 necrotizing
fasciitis,	 is	 typically	 vancomycin	 and	 piperacillin–tazobactam1	 or
vancomycin	and	meropenem.	However,	it	should	be	noted	that	treatment	of
necrotizing	fasciitis	is	primarily	surgical	and	a	surgical	consultation	should
be	obtained	emergently.1
In	 all	 types	 of	 cellulitis,	 isolation	 of	 a	 causative	 organism	 may	 prompt
directed	therapy	on	the	basis	of	susceptibility	testing.1
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An	appropriate	antibiotic	for	a	localized	cellulitis	arising	from	a	cat	or	dog
bite	 is	 amoxicillin–clavulanate	 to	 cover	 for	 P.	 multocida.	 Rabies
postexposure	 prophylaxis	 may	 be	 necessary	 in	 the	 patient	 who	 presents
with	a	cellulitis	after	a	dog,	cat,	bat,	or	other	animal	bite;	infectious	diseases
consultation	 may	 be	 appropriate	 in	 this	 circumstance.	 Similarly,	 tetanus
immunization	 status	 should	 be	 reviewed,	 and	 immunization	 given	 if
indicated,	when	the	cellulitis	is	attributable	to	a	penetrating	injury.
Treatment	duration	for	mild,	uncomplicated	cellulitis	is	5	days.1

A	variety	of	factors	may	prompt	an	extension	of	antibiotic	 treatment,
including	slow	or	incomplete	clinical	response	during	this	time	period,
vascular	 insufficiency	 or	 edema	 in	 the	 affected	 area,	 severe	 or
recurrent	disease,	or	associated	bacteremia.
Patients	 found	 to	 be	 bacteremic	 with	 S.	 aureus	 should	 receive	 an
infectious	 disease	 consultation	 and	 an	 extended	 course	 of	 IV
antibiotics.5

Serial	 clinical	 assessments	 should	 be	 performed	 after	 treatment	 has	 been
initiated.	Typically,	there	will	be	an	improvement	in	erythema,	warmth,	and
tenderness	 within	 24	 hours,	 though	 the	 rate	 of	 improvement	 can	 vary
widely	 between	 patients.	 Serial	 examinations	 are	 important	 to	 aid	 in
distinguishing	 cellulitis	 from	 rapidly	 progressive,	 subcutaneous	 infections
such	as	necrotizing	fasciitis.	If	the	patient	exhibits	hemodynamic	instability
or	 the	 cellulitis	 appears	 rapidly	 progressive,	 a	 surgical	 consult	 should	 be
obtained	immediately.
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GENERAL	PRINCIPLES
Osteomyelitis,	 infection	 of	 the	 bone	 or	 bone	 marrow,	 results	 from	 direct
infection	 of	 bone	 from	 a	 contiguous	 infectious	 source,	 or	 hematogenous
seeding	from	a	distant	primary	source.
Its	clinical	manifestations	are	manifold,	sometimes	presenting	as	a	vigorous
acute	illness	or	smoldering	as	a	subacute	or	chronic	ailment.
In	 children,	 osteomyelitis	 generally	 presents	 acutely,	 the	 result	 of
bacteremic	seeding	of	highly	vascular	forming	bone.1
In	adults,	osteomyelitis	is	more	often	subacute	or	chronic,	frequently	due	to
a	 contiguous	 infection,	 although	 metastatic	 blood-borne	 infections,
particularly	to	the	vertebral	column,	are	still	quite	common.2
Risk	factors	for	osteomyelitis	generally	come	in	three	categories:

Conditions	that	result	in	damaged	or	abnormal	bone
Conditions	of	large	or	chronic	pathogen	exposure
Immunosuppressive	conditions

Diabetics	are	particularly	prone	to	bone	infections	as	they	carry	all	types	of
risk.	Diabetic	ulcers	expose	ischemic	bone	to	large	amounts	of	bacteria	 in
the	context	of	 innate	 immunity	 impaired	by	hyperglycemia.	Osteomyelitis
secondary	 to	 diabetic	 foot	 ulcers	 is	 the	 leading	 cause	 of	 nontraumatic
amputation.3
Prevention	of	osteomyelitis	in	at-risk	patients	is	critical,	as	osteomyelitis	is
one	 of	 the	 most	 difficult	 types	 of	 infection	 to	 treat,	 requiring	 weeklong
courses	of	systemic	antibiotics.
Bone	 infections	 are	 intrinsically	difficult	 to	 clear;	 infected	bone	 results	 in
sequestra	and	abscesses,	which	act	as	foci	for	persistent	infection.4
The	longer	osteomyelitis	persists,	the	more	devitalized	bone	results	and	the
more	frequent	treatment	failure	and	recurrence	become.
Antibiotic	therapy	should	be	chosen	carefully	and	directed	toward	culture-



proven	pathogens.5,6
Surgical	debridement	 is	as	much	a	part	of	chronic	osteomyelitis	 treatment
as	antibiotic	 therapy;	 removal	of	necrotic	debris	and	 infected	material	has
clearly	been	shown	to	improve	likelihood	of	treatment	success.7
Treatment	 for	 acute	 osteomyelitis	 is	 generally	 relatively	 successful;
however,	long-term	recurrence	rates	in	chronic	osteomyelitis	are	estimated
to	be	between	20%	and	30%,	and	recurrences	have	been	noted	decades	after
treatment.8,9

The	 organisms	 of	 osteomyelitis	 vary	 widely	 depending	 upon	 clinical
context.	 It	 is	 most	 often	 caused	 by	 pyogenic	 bacteria,	 but	 many	 other
pathogens	such	as	mycobacteria	and	fungi	may	also	infect	bone.
Staphylococcus	aureus	is	the	most	common	causal	organism,	found	in	over
50%	of	culture-positive	osteomyelitis	of	all	types.2,10
Streptococci	 and	 coagulase-negative	 staphylococci	 are	 the	 next	 most
common	infective	agents.
Kingella	kingae	is	frequently	found	in	very	young	children.
Tuberculous	 osteomyelitis	 is	 also	 frequent	 in	 populations	 at	 risk	 for
Mycobacterium	tuberculosis.
The	 involvement	 of	 other	 pathogens	 in	 osteomyelitis	 is	 highly	 associated
with	 the	route	of	bone	exposure,	degree	of	patient	vulnerability,	and	other
patient	risk	factors.
Conditions	 of	 abnormal	 bone	 are	 associated	 with	 the	 following
pathogens:

Trauma	(e.g.,	fractures,	punctures,	Charcot	joints):	S.	aureus
Sickle	cell	disease:	Salmonella	species	or	Streptococcus	pneumoniae
Surgical	 manipulation/prosthetic	 implantation:	 coagulase-negative
staphylococci,	enterobacteriaceae,	or	Propionibacterium	species

Conditions	 of	 pathogen	 exposure	 are	 associated	 with	 the	 following
pathogens:

Chronic	 ulcer	 disease	 (diabetic,	 decubitus,	 vascular):	 Streptococci,
Enterobacteriaceae,	 Pseudomonas	 species,	 nonfermenting	 gram-
negative	bacteria,	anaerobes
Bite	wounds:	Streptococci,	Pasteurella	species,	Eikenella	corrodens
IV	drug	use:	S.	aureus,	Pseudomonas	aeruginosa

Immunosuppressive	 conditions	 are	 associated	 with	 the	 following
pathogens:

Hematologic	 malignancy:	 Aspergillus	 species,	 Candida	 species,



Mycobacterium	species,	other	fungal	pathogens
HIV/AIDS:	Bartonella	henselae,	Bartonella	quintana

PRESENTATION

Clinical	Presentation
History

Localized	pain	is	common	to	both	acute	and	chronic	osteomyelitis.
Acute	osteomyelitis	typically	arises	over	<2	weeks	and	is	accompanied	by
systemic	symptoms	such	as	fever,	chills,	and	malaise.
Chronic	osteomyelitis	is	often	indolent,	arising	over	the	course	of	months,
with	 few	 constitutional	 symptoms	 but	 often	 a	 history	 of	 a	 predisposing
trauma	or	soft	tissue	lesion.
Vertebral	 osteomyelitis	 is	 a	 particularly	 vexing	 condition	 to	 diagnose,
typically	 presenting	 as	 new	 or	 worsening	 back	 pain	 refractory	 to
conventional	therapy	that	may	or	may	not	be	associated	with	fever	or	new
neurologic	deficits.5,11

Physical	Examination

Swelling,	 tenderness,	 and	 erythema	 are	 much	 more	 pronounced	 in	 acute
rather	 than	 chronic	 osteomyelitis,	 where	 localized	 findings	 are	 usually
blunted,	though	occasionally	draining	sinus	tracts	can	be	seen.
Patients	with	chronic	osteomyelitis	often	do	not	appear	ill.	For	contiguous
infections,	 a	 soft	 tissue	 ulcer	 that	 can	 be	 probed	 to	 the	 bone	 should	 be
treated	as	osteomyelitis	unless	proven	otherwise.12
Size	 of	 the	 ulcer	 may	 also	 be	 predictive,	 with	 ulcers	 >2	 cm2	 found	 to
correlate	with	diagnosis	of	osteomyelitis.13
A	 thorough	neurologic	 exam	 should	be	performed	 in	 those	with	vertebral
osteomyelitis	to	rule	out	impingement	of	nerve	roots	or	spinal	cord.



Diagnostic	Testing
Laboratories

WBC	is	frequently	normal	in	chronic	osteomyelitis.
Superficial	 cultures	 of	 contiguous	 ulcers	 are	 rarely	 concordant	 with	 the
invasive	 bone	 pathogen(s).	 They	 are	 not	 recommended,	 as	 they	 can	 be
misleading.14,15
Blood	 cultures	 should	 be	 drawn	 prior	 to	 antibiotics.	 They	 have	 a	 low
diagnostic	yield,	but	can	be	critical	in	identifying	an	organism	for	pathogen-
directed	therapy.
In	 chronic	 osteomyelitis,	 a	 bone	 biopsy	 for	 culture	 and	 sensitivities	 is
extremely	 important	 to	 ensure	 proper	 pathogen-directed	 therapy.	 Ideally,
they	 are	performed	 before	 antibiotic	 therapy	 unless	 there	 is	 evidence	 of
true	cellulitis	or	sepsis	(in	which	case	empiric	coverage	should	be	started).
Bone	 biopsy	 can	 also	 be	 diagnostic,	 if	 it	 shows	 pathologic	 signs	 of
osteomyelitis.
Elevations	 in	 erythrocyte	 sedimentation	 rate	 (ESR)	 and	 C-reactive
protein	(CRP)	tests	are	nonspecific,	though	an	ESR	>70	mm/h	is	relatively
sensitive	in	detecting	osteomyelitis.	Both	ESR	and	CRP	can	be	used	as	part
of	treatment	monitoring.16

Imaging

Plain	 films	 are	 not	 particularly	 sensitive	 for	 osteomyelitis	 diagnosis,	 as
changes	can	take	3–6	weeks	to	become	visible,	but	if	characteristic	findings
are	 noted	 (destructive	 changes,	 radiolucencies,	 cortical	 defects,
involucrum),	they	are	moderately	specific.
Computed	tomography	(CT)	is	better	able	to	identify	extent	and	severity
of	disease	than	plain	film,	especially	the	degree	of	soft	tissue	involvement;
however,	 it	 is	not	clear	how	sensitive	or	 specific	 it	 is	 for	 the	diagnosis	of
osteomyelitis.
Magnetic	 resonance	 imaging	 (MRI)	 is	 considered	 the	gold	 standard	 test
for	osteomyelitis,	with	high	sensitivity	as	well	as	specificity.	Like	CT,	MRI
can	clearly	define	additional	soft	tissue	involvement;	however,	expense	and
contraindications	do	not	always	allow	for	its	use.
Triple-phase	 bone	 scans	 (technetium-99)	 and	 tagged	 white	 blood	 cell
scans	 (indium-111)	are	both	relatively	sensitive,	and	negative	 tests	can	be



useful	 in	 the	 rule-out	 of	 osteomyelitis.	 Positive	 tests	 are	 less	 useful,	 as
sensitivity	is	poor.
18-fluorodeoxyglucose	 positron	 emission	 tomography	 (PET)	 imaging
may	 be	 extremely	 sensitive	 and	 specific	 for	 osteomyelitis;	 however,
experience	and	availability	are	limited	at	this	time.

TREATMENT

Medications
At	least	4–6	weeks	of	antibiotic	therapy	is	recommended	for	both	acute	and
chronic	 osteomyelitis,	 starting	 from	 the	 date	 of	 last	 debridement	 (if
performed).
Extension	of	therapy	is	based	on	clinical	response;	some	treatment	courses
last	up	to	12	weeks.
Traditionally,	 therapy	 is	parenteral;	however,	 for	highly	bioavailable	oral
antibiotics,	 conversion	 to	 oral	 antibiotic	 therapy	 after	 2–4	 weeks	 of	 IV
therapy	is	safe	and	equally	efficacious.9,17
Antibiotic	selection	should	be	guided	by	results	of	bone	cultures.	Blood
cultures	 may	 also	 be	 used,	 if	 the	 organism	 isolated	 is	 typical	 for
osteomyelitis.
Parenteral	 regimens	for	common	pathogens	(should	be	 tailored	 to	specific
resistances)

Methicillin-sensitive	S.	aureus	(MSSA)
Nafcillin	or	oxacillin	(2	g	IV	q4–6h	or	continuous	infusion)	OR
Cefazolin	(2	g	IV	q8h)	OR
Ceftriaxone	(2	g	IV	q24h)
Rifampin	 (600	 mg	 PO	 qday)	 sometimes	 added	 for	 biofilm
penetration	especially	with	retained	prosthetic	material

Methicillin-resistant	 S.	 aureus	 (MRSA)	 or	 coagulase-negative
staphylococci

Vancomycin	(15	mg/kg	IV	q12h)	with	trough	monitored	for	goal
of	15–20	mg/dL
Rifampin	 (600	 mg	 PO	 qday)	 sometimes	 added	 for	 biofilm
penetration	especially	with	retained	prosthetic	material



Streptococci
Penicillin	G	(2–4	million	units	IV	q4–6h	or	continuous	infusion)
OR
Cefazolin	(2	g	IV	q8h)	OR
Ceftriaxone	(2	g	IV	q24h)

P.	aeruginosa
Cefepime	(2	g	IV	q12h).
Ciprofloxacin	(400	mg	IV	q8–12h)	or	 levofloxacin	(750	mg	IV
q24h)	if	isolate	sensitive

Anaerobic	bacteria
Metronidazole	(500	mg	IV	q6h)	OR
Clindamycin	(600	mg	IV	q6h)
β-Lactam/β-lactamase	 inhibitor	 combinations	 (such	 as
piperacillin–tazobactam	 or	 ampicillin–sulbactam)	 or
carbapenems	 (such	 as	 meropenem	 or	 ertapenem)	 cover
anaerobes	 and	 eliminate	 the	 need	 for	 separate	 antianaerobic
agents.

High-bioavailability	 oral	 agents	 for	 common	 pathogens	 (pathogen	must
be	sensitive	to	be	used)

Staphylococci
Trimethoprim–sulfamethoxazole	(2	DS	tabs	PO	q8–12h)	OR
Doxycycline	or	minocycline	(100	mg	PO	daily)	OR
Clindamycin	(300–450	mg	PO	q6h)

Gram-negative	 bacilli:	 Ciprofloxacin	 (750	 mg	 PO	 q12h)	 or
levofloxacin	(750	mg	PO	q24h)

Surgical	Management
Surgical	debridement	of	bone	and	surrounding	tissue	greatly	increases
the	chances	of	treatment	success	for	chronic	osteomyelitis	and	should	be
performed	if	at	all	possible	at	the	start	of	antimicrobial	therapy.
Contiguous	 osteomyelitis	 requires	 treatment	 of	 associated	 infection	 or
wounds.	Diabetic	or	pressure	ulcers	need	 to	be	aggressively	debrided	and
offloaded,	 and	 ulcers	 from	 ischemia	 should	 be	 considered	 for
revascularization.	 Infected	 prosthetic	 materials	 must	 also	 be	 removed	 if
possible.
Surgical	amputation	may	be	necessary	if	treatment	fails	to	cure	or	suppress
infections.
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GENERAL	PRINCIPLES
Fever	is	a	common	symptom	in	the	hospital	setting.
Incidence	of	fever	during	hospitalization	ranges	from	2%	to	17%.	Infection
is	implicated	as	the	cause	of	fever	in	37–74%	of	reported	cases.1
Common	infectious	causes	of	fever	acquired	in	the	hospital	include	urinary
tract	infections,	pneumonia,	bloodstream	infections,	and	sinusitis.
Common	 noninfectious	 causes	 of	 fever	 include	 malignancy,	 ischemic
events,	and	procedures	such	as	blood	transfusion.
In	2008,	the	Society	of	Critical	Care	Medicine	and	the	Infectious	Diseases
Society	 of	 America	 agreed	 that	 the	 definition	 of	 fever	 was	 somewhat
arbitrary	depending	on	the	host;	however,	fever	has	been	previously	defined
as	 a	 core	 body	 temperature	 of	 >38.0°C	 (100.4°F),	 whereas	 other	 sources
define	it	as	two	consecutive	core	body	temperatures	of	>38.3°C	(101.0°F).2
In	neutropenic	patients,	fever	has	been	defined	as	a	single	oral	temperature
of	≥38.3°C	(101.0°F)	in	the	absence	of	an	obvious	environmental	cause	or	a
temperature	elevation	of	≥38.0°C	(100.4°F)	for	1	hour.2
Temperature	is	most	accurately	measured	from	an	intravascular	or	bladder
catheter;	however,	oral,	rectal,	or	external	auditory	canal	measurements	are
also	 relatively	 accurate.	Axillary	 temperature	measurements	 and	 chemical
dot	 thermometry	 of	 the	 forehead	 are	 unreliable	 owing	 to	 poor
reproducibility.
Two	 specific	 populations	 are	 important	 to	 highlight	 for	 the	 consultant,
including	fever	of	unknown	origin	(FUO)	and	postoperative	fever.
FUO

FUO	was	originally	defined	 in	1961	as	a	 temperature	of	≥38.3°C	on
several	 occasions	 for	 >3	 weeks	 with	 no	 identified	 etiology	 after	 1
week	of	inpatient	evaluation.3
In	order	to	reflect	recent	medical	and	technological	progress,	FUO	has



now	been	defined	as	persistent	fever	≥38.3°C	for	3	weeks	and	failure
to	 establish	 a	 diagnosis	 with	 three	 outpatient	 visits	 or	 3	 days	 of
inpatient	investigation.4
The	causes	of	FUO	are	typically	classified	into	the	following	groups:
infectious,	 inflammatory	 (collagen–vascular),	 malignancy,
miscellaneous,	 and	 undetermined.	Table	25-1	 lists	 the	most	 common
causes	of	FUO	but	is	not	meant	to	be	all	 inclusive,	as	more	than	200
different	causes	have	been	identified.
Historically,	 infection	 has	 been	 implicated	 in	 28%	 of	 cases,
inflammatory	 disease	 in	 21%,	 and	 malignancy	 in	 17%;	 in	 19%	 of
cases,	a	cause	remains	undetermined.5	Disseminated	 tuberculosis	and
intra-abdominal	 abscess	 are	 the	 most	 commonly	 cited	 infectious
causes.	The	incidence	of	cytomegalovirus	(CMV)	has	been	increasing,
possibly	 secondary	 to	 improved	 polymerase	 chain	 reaction	 (PCR)-
based	 detection	 methods.	 Temporal	 arteritis	 is	 the	 most	 common
inflammatory	 cause	 of	 FUO	 in	 the	 elderly.	 Malignancy	 may	 be
declining	as	a	cause	for	FUO,	owing	to	improved	screening	procedures
and	diagnostic	imaging	resulting	in	earlier	diagnosis.

Postoperative	fever
A	limited	differential	diagnosis	 for	postoperative	 fever	 is	provided	 in
Table	25-2.
It	 is	 important	 to	note	 that	 timing	after	 surgery	 is	a	key	 factor	 in	 the
evaluation	of	postoperative	fever.
Fever	occurs	with	high	incidence	in	the	first	24–48	hours	after	surgery.
Infection	 is	 implicated	 in	<10%	of	cases.	Fever	may	be	mediated	by
release	of	 inflammatory	cytokines	due	 to	 tissue	 injury	at	 the	 surgical
site.6	 In	 general,	 fever	 during	 this	 period	 in	 the	 absence	 of	 other
symptoms	 (e.g.,	mental	 status	 changes,	 tachycardia,	hyperventilation,
hypotension)	is	common	and	usually	resolves	without	intervention.
Fever	present	48–72	hours	after	surgery	may	be	indicative	of	infection
and	requires	further	evaluation.
The	type,	extent,	and	duration	of	surgery	as	well	as	any	perioperative
complications	all	impact	risk	of	postoperative	infection	and	should	be
identified	 on	 review	 of	 the	 operative	 note	 and	 in	 discussion.	 The
surgical	 site	 should	 be	 surveyed	 daily	 for	 the	 development	 of
erythema,	fluctuance,	purulent	drainage,	and	wound	dehiscence.
Atelectasis	should	no	longer	be	considered	a	typical	cause	of	fever,
as	studies	have	failed	to	show	a	relationship	between	the	presence	of



atelectasis	 and	 fever.7	 Pulmonary	 toilet	 and	 incentive	 spirometry,
however,	should	still	be	utilized	during	this	time	to	reduce	the	risk	of
later	postoperative	pneumonia.

Pathophysiology	of	fever
Temperature	regulation	is	determined	within	the	hypothalamus.
Elevated	 levels	of	prostaglandin	E2	 (PGE2)	 in	 the	hypothalamus	 lead
to	an	increase	in	the	body	set	point	temperature.
Endogenous	 (e.g.,	 interleukin-1,	 interleukin-6,	 and	 tumor	 necrosis
factor	 alpha)	 and	 exogenous	 pyrogens	 (e.g.,	 microbial	 products	 like
lipopolysaccharide)	stimulate	PGE2	 synthesis	by	 the	arachidonic	acid
pathway.
Antipyretics	 such	 as	 aspirin,	 acetaminophen,	 and	 nonsteroidal	 anti-
inflammatory	 drugs	 (NSAIDs)	 are	 thought	 to	 act	 centrally	 on	 the
arachidonic	acid	pathway	to	reduce	PGE2	synthesis.

TABLE	 25-1	 COMMON	 CAUSES	 OF	 FEVER	 OF	 UNKNOWN
ORIGIN





ANA,	 antinuclear	 antibodies;	 CT,	 computerized	 tomography;	 CCP,	 cyclic	 citrullinated	 peptide;	 CMV,
cytomegalovirus;	 CSF,	 cerebrospinal	 fluid;	 ESR,	 erythrocyte	 sedimentation	 rate;	 HIV,	 human
immunodeficiency	 virus;	 IGRA,	 interferon-gamma	 release	 assay;	 PCR,	 polymerase	 chain	 reaction;	 PPD,
purified	 protein	 derivative;	 RA,	 rheumatoid	 arthritis;	 RMSF,	 Rocky	 Mountain	 spotted	 fever;	 TEE,
transesophageal	echocardiography;	TTE,	transthoracic	echocardiography.

TABLE	25-2	DIFFERENTIAL	DIAGNOSIS	OF	POSTOPERATIVE
FEVER

DIAGNOSIS



Clinical	Presentation
History

Determine	 if	 fever	 was	 subjective	 or	 measured.	 Obtain	 details	 of	 all
constitutional	as	well	as	localizing	symptoms.
Characterize	chronology	of	progression	(magnitude,	frequency,	duration)	of
fever	and	correlate	with	other	symptoms.
Determine	 if	 the	 patient	 is	 at	 risk	 of	 being	 immunocompromised	 (e.g.,
malignancy,	 chemotherapy,	 HIV,	 chronic	 use	 of	 immunosuppressants	 or
corticosteroids).
A	 careful	 history	 should	 include	 a	 complete	 past	 medical	 and	 surgical
history,	 current	 medication	 list	 (including	 over-the-counter	 medications),
and	 social	 history	 identifying	 travel,	 occupational,	 sexual,	 environmental
(including	animal	and	insect	exposure),	dietary,	and	recreational	exposures
as	well	as	sick	contacts.
The	 review	 of	 systems	 should	 be	 repeated	 every	 day,	 as	 accompanying
symptoms	for	various	diseases	may	not	be	present	at	the	time	of	the	initial
fever.

Physical	Examination

A	 thorough	 physical	 examination	 is	 essential.	 Listed	 below	 are	 common
physical	 examination	 findings	 that	 may	 help	 narrow	 diagnostic
considerations	(Table	25-3).
For	hospitalized	patients,	close	monitoring	of	all	indwelling	catheters	(e.g.,
urinary,	intravascular)	is	required.
For	postoperative	patients,	the	surgical	site	must	be	frequently	assessed	for
signs	of	infection.
For	all	patients,	a	physical	examination	should	be	repeated	daily	to	identify
new	and	potentially	relevant	findings	not	be	present	at	the	time	of	the	initial
fever.
All	patients	with	evidence	of	systemic	infection	should	be	classified	along
the	 continuum	 of	 sepsis	 spanning	 from	 systemic	 inflammatory	 response
syndrome	(SIRS)	to	multiorgan	dysfunction	syndrome	(MODS)	in	order	to
determine	the	appropriate	level	of	care.	Please	see	Table	25-4.



TABLE	 25-3	 IMPORTANT	 PHYSICAL	 EXAMINATION
FINDINGS	IN	PATIENTS	PRESENTING	WITH	FEVER

TABLE	 25-4	 THE	 CONTINUUM	 OF	 HOST	 INFLAMMATORY



RESPONSE

Adapted	from	Dellinger	R,	Levy	M,	Rhodes	A,	et	 al.	Surviving	 sepsis	 campaign:	 international	guidelines
for	management	of	severe	sepsis	and	septic	shock,	2012.	Intensive	Care	Med	2013;39:165–228,	Ref.	8.

Diagnostic	Testing



Laboratory	 evaluation	 varies	 based	 upon	 the	 suspected	 sources	 of	 fever.
Basic	laboratory	evaluation	for	fever	should	include	complete	blood	count,
routine	 serum	 chemistry	 and	 liver	 function	 tests,	 urinalysis,	 and	 blood
cultures	(preferably	while	the	patient	is	not	receiving	antibiotics).
Lumbar	puncture	should	be	considered	in	the	presence	of	fever	with	altered
mental	status	and/or	meningeal	signs.
Chest	radiography	should	be	performed	if	pneumonia	is	suspected.
An	HIV	test	is	necessary	in	all	patients	with	risk	factors	for	exposure.
Stool	testing	for	Clostridium	difficile	toxin	should	be	pursued	in	the	setting
of	fever,	diarrhea,	and	recent	antibiotic	exposure.
Skin	 testing	 with	 purified	 protein	 derivative	 (PPD)	 for	 tuberculosis	 or
interferon-gamma	 release	 assay	 (IGRA)	 can	 be	 considered	 if	 initial
evaluation	is	unremarkable	or	in	patients	with	exposure	to	tuberculosis.
Initial	 laboratory	 evaluation	 for	 inflammatory	 causes	 includes	 antinuclear
antibodies,	rheumatoid	factor,	and	erythrocyte	sedimentation	rate.
Computerized	 tomography	 (CT)	 imaging	 is	 warranted	 if	 abscess	 or
malignancy	is	suspected.	Fluid	collections	should	be	drained	and	cultured	if
feasible.
Cultures	 of	 open	 wounds	 are	 of	 limited	 utility	 in	 determining	 antibiotic
treatment.
Radionuclide	 imaging	 with	 technetium-99m–labeled	 antigranulocyte
antibodies	 or	 indium-labeled	 leukocytes	 can	 potentially	 highlight	 foci	 of
inflammation,	aiding	in	diagnosis.
The	evaluation	of	a	patient	with	an	FUO	should,	at	minimum,	include	the
following9:

Comprehensive	history	and	physical	examination
Complete	blood	count	with	differential
Routine	 blood	 chemistries	 including	 lactate	 dehydrogenase	 and	 liver
function	tests
Urinalysis	and	microscopic	examination
Inflammatory	markers,	 antinuclear	 antibodies	 and	 rheumatoid	 factor,
angiotensin-converting	enzyme	level
Human	 immunodeficiency	 virus	 antibody,	 CMV	 IgM	 antibodies,	 or
virus	 detection	 in	 blood;	 heterophile	 antibody	 test	 in	 children	 and
young	adults
Chest	radiograph
PPD	or	IGRA
CT	scan	of	the	abdomen	(or	radionuclide	scan)
Three	sets	of	blood	cultures	(off	antibiotics)



1.

2.

3.

TREATMENT
Management	is	determined	by	the	suspected	cause	of	fever.
If	the	patient	is	febrile	but	is	otherwise	stable,	it	is	reasonable	to	treat	with
antipyretics	alone.

In	 this	 situation,	 avoid	 empiric	 antibiotics	 until	 a	 clear	 source	 of
infection	is	ascertained.
Remember,	 there	are	multiple	potential	noninfectious	causes	of	 fever
and	 SIRS	 (e.g.,	 trauma,	 burns,	 pain,	 postoperative	 state,	 and
pancreatitis).
Also,	 as	 previously	 noted,	 almost	 one-fifth	 of	 FUOs	 have	 no
determined	cause	after	workup.

If	 there	 is	 clinical	 evidence	 of	 sepsis,	 empiric	 broad-spectrum	 antibiotics
should	 be	 initiated	 after	 blood	 and	 urine	 cultures	 have	 been	 collected.
Mortality	 from	 sepsis	 decreases	 if	 effective	 antibiotic	 therapy	 is	 initiated
early.	 The	 choice	 of	 antibiotics	 is	 dictated	 by	 the	 likeliest	 source	 of
infection	and	local	antibiotic	resistance	patterns.
For	 suspected	 hospital-acquired	 pneumonia	 (developing	 after	 48	 hours	 of
hospitalization	 or	 in	 the	 setting	 of	 recent	 prior	 hospitalization),	 empiric
antibiotic	 coverage	 should	 include	Pseudomonas	 species	 and	 methicillin-
resistant	Staphylococcus	aureus	(MRSA).10
For	 intra-abdominal	 infections,	 antibiotic	 coverage	 should	 also	 address
potential	anaerobic	infection.
Suspected	C.	difficile–associated	diarrhea	may	be	empirically	 treated	with
metronidazole	while	C.	difficile	stool	toxins	are	being	collected.
Quickly	de-escalate	and	tailor	antibiotic	therapy	to	specific	cover	pathogens
as	culture	data	permits.
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GENERAL	PRINCIPLES
Nearly	 600,000	 individuals	 in	 North	 America	 are	 diagnosed	 with	 a
bloodstream	infection	(BSI)	annually.1
Associated	 with	 significant	 morbidity	 and	 mortality,	 it	 is	 the	 seventh
leading	cause	of	death	in	the	United	States.2
While	 bacteremia	 and	 BSI	 are	 sometimes	 used	 interchangeably,	 it	 is
important	to	understand	that	they	are	not	synonymous	in	meaning.

Bacteremia	 refers	 to	 the	 presence	 of	 cultivatable	 organism	 in	 the
blood.3	 Transient	 bacteremia	 can	 be	 a	 frequent	 event	 and	 often
inconsequential	in	the	immunocompetent	host;	occurring	in	the	setting
of	brushing	one’s	teeth	or	with	minor	abrasions,	it	is	often	eliminated
by	the	host	immune	system.4
BSI	is	bacteremia	associated	with	signs	and	symptoms	of	infection	or
a	positive	blood	culture	with	an	organism	associated	with	disease	(i.e.,
Staphylococcus	aureus).5

In	order	for	a	BSI	to	be	present,	one	or	more	blood	cultures	must
be	 positive;	 however,	 a	 single	 positive	 blood	 culture	 does	 not
necessarily	imply	the	presence	of	BSI.5
This	 can	 be	 seen	 in	 the	 setting	 of	 pseudobacteremia	 or
contamination,	 when	 blood	 cultures	 are	 positive	 with	 an
organism	(i.e.,	skin	commensals	such	as	S.	epidermidis,	Bacillus
species,	Corynebacterium	 species	 not	C.	 jeikeium,	 or	 P.	 acnes)
not	 originating	 from	 the	 bloodstream,	 despite	 efforts	 for	 careful
culture	acquisition	and	processing	techniques.5
Primary	BSI	is	an	intravascular	source	of	infection	that	includes
infections	 due	 to	 indwelling	 prosthetic	 devices	 such	 as
intravenous	catheters	(please	refer	to	Chapter	27).



Secondary	 BSI	 stems	 from	 an	 infection	 originating	 at	 a	 distant
site	 (i.e.,	 pneumonia,	 urinary	 tract	 infection/pyelonephritis,	 or
intra-abdominal	abscess).
BSI	can	also	be	classified	as	community	onset	(identified	in	the
outpatient	 setting	 or	 within	 the	 first	 48	 hours	 of	 hospital
admission)	 or	 hospital	 acquired/nosocomial	 (identified	 >	 48
hours	of	hospital	admission);	however,	this	binary	classification	is
falling	 out	 of	 favor,	 as	 pathogens	 previously	 associated	 as
nosocomial	 (i.e.,	 methicillin-resistant	 Staphylococcus	 aureus
[MRSA]	and	extended	spectrum	β-lactamases	[ESBL]	organisms)
are	 increasingly	 identified	 as	 community-onset	 infections	 given
shifts	in	the	health	care	delivery	models.5,6

Epidemiology
A	meta-analysis	of	population-based	studies	demonstrate	the	most	common
causes	of	BSI	overall	to	be	Escherichia	coli	(35	per	100,000	population),	S.
aureus	 (25	 per	 100,000	 population),	 and	 S.	 pneumoniae	 (10	 per	 100,000
population).7	 Some	 studies	 have	 identified	 coagulase-negative
staphylococci	 (CoNS)	 or	 Klebsiella	 species	 to	 be	 the	 most	 commonly
encountered	 organisms	 behind	 E.	 coli	 and	 S.	 aureus.	 The	 incidence	 of
infecting	organisms	varied	among	regions	in	part	due	to	study	methodology
(some	excluded	skin	commensals	or	contaminants	such	as	CoNS),	regional
differences	in	patient	demographics,	and	patient	risk	factors.7
Over	 the	 past	 two	 decades,	 gram-positive	 organisms	 have	 become	 an
increasingly	frequent	cause	of	community-onset	infections	and	nosocomial
BSI	secondary	to	the	increased	use	of	intravascular	catheters8	and	exposure
to	health	care–associated	settings.5	The	proportion	of	nosocomial	BSI	due
to	MRSA	has	increased	from	27%	to	54%.9

CoNS	is	often	a	contaminant,	but	this	organism	does	account	for	up	to
30%	of	nosocomial	BSI.10
Enterococci	 comprise	 10%	 of	 all	 BSI,	 with	 the	 greatest	 majority
originating	from	genitourinary	and	gastrointestinal	(GI)	sources.
An	endovascular	source	was	seen	in	25%	of	community-onset	BSI.11
Infections	due	to	enterococci	are	predominantly	due	to	E.	faecalis	with
a	smaller	proportion	due	to	E.	faecium.11

In	terms	of	gram-negative	organism:



The	most	common	community-acquired	gram-negative	bacilli	(GNB)
are	 E.	 coli,	Klebsiella	 pneumoniae,	 Proteus	 mirabilis,	 Haemophilus
influenzae,	and	Bacteroides.
Nosocomial	 GNB	 commonly	 include	 E.	 coli,	 K.	 pneumoniae,
Enterobacter	 aerogenes,	 Serratia	 marcescens,	 and	 Pseudomonas
aeruginosa.12	 Mortality	 rates	 of	 nosocomial	 GNB	 BSI	 appear	 to
increase	with	 the	 severity	 of	 illness,	 ranging	 from	14%	 for	 non-ICU
patients8	up	to	60%	of	ICU	patients.13

Fungemia	is	most	commonly	caused	by	Candida	species.4

Risk	Factors
Colonization	of	 the	skin	and	nasopharynx	by	gram-positive	organisms	are
common,	 and	 breaching	 of	 natural	 mechanical	 barriers	 can	 predispose	 to
infection.

The	presence	of	an	 intravascular	catheter	 is	 the	 largest	 risk	factor	for
gram-positive	bacteremia.14
Neutropenia,	abnormal	heart	valves,	and	presence	of	prosthetic	devices
and	foreign	material	also	increase	this	risk.
Higher	rates	of	colonization	and	thus	infection	with	S.	aureus	occur	in
the	 settings	 of	 insulin-dependent	 diabetics,	 chronic	 hemodialysis,
dermatologic	 conditions,	 IV	 drug	 abuse,	 human	 immunodeficiency
virus	(HIV)	infection,	and	the	postoperative	state.
Risk	 factors	 for	 enterococcal	 BSI	 include	 prior	 GI	 colonization,
serious	 underlying	 disease,	 prolonged	 hospital	 stay,	 neutropenia,
transplantation,	HIV,	IV	drug	abuse,	urinary	or	vascular	catheters,	and
recent	stay	in	an	intensive	care	unit	(ICU).

Risk	 factors	 identified	 for	 GNB	 bacteremia	 include	 neutropenia	 (most
significant),	 corticosteroid	 use,	 advanced	 age,	 prolonged	 hospitalization,
prior	 antimicrobial	 use,	 and	 severe	 underlying	 comorbid	 conditions	 and
skin	 lesions	 (decubitus	 ulcers,	 burns).	GNB	 bacteremia	 is	 also	 associated
with	surgical	procedures,	urinary	tract	and	respiratory	tract	manipulation.
Risk	 factors	 associated	 with	 candidemia	 are	 the	 following:
hyperalimentation,	 presence	 of	 central	 venous	 catheters,	 prolonged	 use	 of
antibiotics,	malignancy,	 colonization,	 surgery	 (especially	 involving	 the	GI
tract),	and	prolonged	ICU	stay.4,15



DIAGNOSIS

Clinical	Presentation
History

All	patients	with	known	or	suspected	BSI	should	be	admitted	to	the	hospital
for	 further	 evaluation.	 A	 thorough	 history	 and	 physical	 examination	 is
tantamount.
Past	medical	history	should	include	any	recent	infections,	particularly	those
caused	by	resistant	pathogens.
The	 history	 should	 evaluate	 for	 recent	 health	 care	 system	 exposure,
ascertain	 the	 likely	 source	 of	 infection,	 and	 assess	 for	 potential
complications	from	hematogenous	seeding	(i.e.,	endocarditis,	osteoarticular
infections,	 epidural	 abscess,	 and	 endophthalmitis)	 especially	 in	 cases	 in
which	S.	aureus	or	Candida	species	are	involved.

Physical	Examination

Fever	is	the	most	common	presenting	sign;	however,	this	may	be	absent	in
elderly	or	immunocompromised	populations.
Shock	can	be	present	in	GNB	and	S.	aureus	BSI.
A	 new	 murmur	 or	 evidence	 of	 an	 embolic	 phenomenon	 (splinter
hemorrhages,	 Janeway	 lesions,	Osler	nodes)	on	 the	physical	 exam	can	be
clinical	clues	for	subacute	infective	endocarditis.
In	 patients	 with	 central	 lines,	 carefully	 examine	 for	 signs	 of	 erythema,
tenderness,	 or	 drainage	 from	 the	 site	 of	 catheter	 insertion	 as	 these	 may
indicate	 infection.	 Make	 note	 of	 any	 implantable	 devices	 or	 presence	 of
prosthetic	material	and	assess	for	their	involvement.
Evaluate	the	joints	for	evidence	of	swelling,	erythema,	or	pain	with	range	of
motion.
Examine	the	skin	for	evidence	of	cellulitis	or	wound	infections.

Diagnostic	Testing



Blood	cultures	 remain	 the	gold	standard	 in	diagnosis	of	BSI.	At	 least	 two
sets	of	blood	cultures	from	separate	venipuncture	sites	should	be	obtained
optimally	prior	to	the	start	of	antimicrobial	therapy.

If	 a	 catheter	 is	 present,	 a	 peripheral	 and	 central	 culture	 should	 be
obtained.
Once	a	BSI	has	been	identified,	repeat	blood	cultures	must	be	obtained
in	order	to	document	resolution.
Despite	careful	culture	acquisition	and	sterile	technique,	contamination
of	blood	cultures	(pseudobacteremia)	with	skin	commensals	can	occur.
In	studies	 that	examine	rates	of	contamination	due	 to	CoNS,	a	single
positive	 blood	 culture	 may	 represent	 contamination	 in	 75–95%	 of
cases.5,16,17	If	multiple	cultures	are	positive,	susceptibility	patterns	can
be	compared	to	determine	whether	the	organisms	recovered	represent
the	 same	 or	 different	 strains.	 The	 likelihood	 of	 BSI	 increases	 if	 a
second	 blood	 culture	 results	 the	 same	 organism	 with	 the	 same
susceptibility	pattern	as	the	initial	blood	cultures.

There	has	been	keen	interest	in	non–culture-based	molecular	testing	such	as
polymerase	 chain	 reaction	 (PCR)	 and	 matrix-assisted	 laser
desorption/ionization-time	 of	 flight	 (MALDI-TOF)	 in	 order	 to	 improve
time-to-organism	 identification.	 In	 addition	 to	 rapid	 diagnostic	 capability,
these	 tests	 have	 demonstrated	 high	 sensitivity	 and	 high	 specificity.	 It	 is
important	 to	 highlight	 that	 these	methods	 can	 be	 subject	 to	 false-positive
results;	 this	 technology	 is	 likely	 to	complement,	 rather	 than	 replace	blood
cultures.18	Further	studies	are	needed	to	evaluate	the	impact	of	non–culture-
based	molecular	diagnostics	on	the	management	of	BSI	in	clinical	practice.
If	clinically	indicated,	laboratory	testing	or	diagnostic	imaging	such	as	UA,
CXR,	 CT	may	 be	 indicated	 to	 assess	 for	 pneumonia,	 urinary	 tract,	 intra-
abdominal/pelvic,	hepatobiliary	tract,	or	musculoskeletal	infections	in	cases
of	secondary	BSI.
Further	testing	with	transesophageal	echocardiography	(TEE)	or	ultrasound
is	 often	 needed	 to	 rule	 out	 endocarditis	 or	 septic	 thrombophlebitis	 in	 the
setting	of	S.	aureus	 or	Candida	 species	 BSI	 or	 if	 fever	 or	 blood	 cultures
remain	 persistently	 positive	 despite	 appropriate	 antibiotic	 treatment.
Abdominal	ultrasound	or	a	computed	tomography	(CT)	scan	may	aid	in	the
detection	of	occult	splenic,	hepatic,	or	renal	abscesses.	If	Candida	 species
or	persistent	S.	aureus	BSI	is	noted,	ophthalmologic	consultation	should	be
obtained	to	assess	for	endophthalmitis.



TREATMENT
Determining	 the	 probable	 source	 of	 infection	will	 help	 direct	 the	 empiric
antibiotic	 regimen	 and	 may	 provide	 clues	 on	 the	 possible	 organism(s)
involved.	The	source	will	also	help	guide	the	duration	of	antibiotic	therapy.
In	 this	 section,	 we	 examine	 certain	 considerations	 in	 choosing	 antibiotic
therapy	 based	 on	 patient	 population,	 source	 of	 infection,	 and	 specific
organisms.
Empiric	 antibiotics	 should	 be	 individualized	 based	 on	 the	 suspected
clinical	 diagnosis,	 patient	 risk	 factors	 and	 comorbidities,	 severity	 of
infection,	and	the	prevalence	of	antimicrobial	resistance.19

The	 treatment	 is	 later	 narrowed	 to	 definitive	 therapy	 once	 the
causative	organism	is	identified.
Please	 refer	 to	 Table	 26-1	 for	 empiric	 treatment	 of	 specific	 patient
populations	and	sources	of	BSI.

If	coagulase-negative	Staphylococcus	 is	present	 in	a	stable	asymptomatic
patient	 with	 a	 single	 positive	 culture,	 repeat	 cultures	 and	 consider
observation	rather	than	empiric	therapy.	If	true	BSI	is	identified	(usually	in
the	context	of	a	line-associated	infection),	then	narrow	to	definitive	therapy
based	 on	 susceptibilities	 (change	 to	 β-lactam	 if	 the	 isolate	 is	 β-lactamase
negative).	Please	refer	to	Chapter	27	for	further	details.
S.	 aureus	 BSI	 should	 be	 treated	 promptly	 and	 not	 considered	 a
contaminant.	The	presence	of	S.	aureus	 bacteriuria	 should	 always	prompt
an	 evaluation	 for	 S.	 aureus	 BSI.	 Duration	 of	 treatment	 is	 dependent	 on
whether	the	bacteremia	is	uncomplicated	versus	complicated.

Uncomplicated	 S.	 aureus	 BSI	 is	 defined	 as	 positive	 blood	 cultures
with:	(1)	exclusion	of	endocarditis	(TEE),	(2)	no	implanted	prosthesis,
(3)	 sterile	blood	cultures	performed	2–4	days	after	 the	 initial	 set,	 (4)
defervescence	 within	 72	 hours	 of	 initiating	 appropriate	 antibiotic
therapy,	 and	 (5)	no	 evidence	of	metastatic	 infection.20	 If	ALL	of	 the
above	 criteria	 are	 fulfilled,	 the	 treatment	duration	 is	 a	minimum	 of	 2
weeks	of	therapy.
Complicated	 S.	 aureus	 BSI	 is	 defined	 as	 community-acquired
infection21	 or	 any	 patient	 who	 does	 not	 meet	 all	 of	 the	 criteria	 for
uncomplicated	 infection.20	Treatment	duration	will	 range	from	4	 to	6
weeks	 (depending	 on	 whether	 endovascular	 infection	 such	 as
endocarditis	or	evidence	of	metastatic	infection	is	present).



As	a	rule,	S.	aureus	BSI	should	not	be	treated	with	oral	antibiotics.	In
the	majority	of	cases,	vancomycin	should	be	started	empirically.	After
sensitivities	return,	 if	MSSA	is	 identified,	 replace	vancomycin	with	a
semisynthetic	 penicillin	 (nafcillin,	 oxacillin)	 or	 cephalosporin
(cefazolin	or	ceftriaxone).	β-Lactams	have	better	bactericidal	activity
than	 vancomycin	 and	 demonstrate	 improved	 outcomes	 in	 cases	 of
MSSA	BSI.22	In	certain	settings,	use	of	alternative	antibiotics	such	as
daptomycin,	 linezolid,	or	ceftaroline	may	be	 indicated.	The	treatment
of	endocarditis	is	discussed	in	Chapter	28.
An	 infectious	 diseases	 consultation	 for	 S.	 aureus	 BSI	 is	 strongly
encouraged	as	 studies	have	demonstrated	 improved	patient	morbidity
and	mortality.23

Enterococcal	 BSI	 if	 susceptible	 should	 be	 treated	 with
penicillin/ampicillin,	 otherwise,	 vancomycin	 is	 an	 option.	 Treatment	 of
vancomycin-resistant	enterococcus	 requires	careful	susceptibility	testing,
but	daptomycin,	linezolid,	and	dalfopristin–quinupristin	have	demonstrated
some	success.

Daptomycin	 should	 not	 be	 used	 in	 cases	 of	 pulmonary	 involvement
(inactivated	by	pulmonary	surfactant)	or	in	cases	of	CNS	involvement
(poor	penetration	of	blood–brain	barrier).
The	most	 common	 toxicity	of	 linezolid	 is	 thrombocytopenia	 (usually
seen	after	2	weeks);	beyond	4	weeks	of	therapy,	it	has	been	associated
with	the	rare	occurrence	of	peripheral	and	optic	neuropathies.
Dalfopristin–quinupristin	is	associated	with	significant	myalgias.

In	Candida	BSI,	the	choice	of	empiric	therapy	should	take	into	account	the
severity,	 source,	 and	prevalence	of	nonalbicans	Candida	 species.	Most	C.
albicans	are	susceptible	to	fluconazole.

Echinocandin	therapy	is	preferred	for	C.	krusei	and	C.	glabrata.
C.	parapsilosis	 is	less	susceptible	to	this	class	of	antifungals,	and	use
of	fluconazole	is	preferred.4
Empiric	 fluconazole	 may	 be	 suitable	 in	 less	 critically	 ill	 patients
without	 risk	 factors	 for	 resistant	 candidiasis	 (e.g.,	 azole	 use	 in	 the
preceding	30	days).
Echinocandins	 should	 not	 be	 used	 for	 BSI	 that	may	 have	 a	 CNS	 or
urinary	 tract	 source	 of	 infection	 given	 lack	 of	 sufficient	 drug
penetration.	 Amphotericin	 B	 is	 usually	 recommended	 as	 empiric
therapy	for	suspected	or	confirmed	fungal	endocarditis,	please	refer	to
chapter	28	for	further	details.



Persistent	 BSI	 after	 48	 hours	 of	 antibiotics	 requires	 catheter	 removal,	 a
search	 for	 infectious	 complications,	 and	 surgical	 consultation	 may	 be
required	 for	 assistance	 in	 source	 control	 in	 the	 setting	 of	 septic
thrombophlebitis	 and	 persistently	 positive	 blood	 cultures,	 deep	 tissue
metastatic	 infections	 requiring	 debridement,	 endocarditis	 with	 need	 for
valve	replacement,	septic	arthritis,	or	epidural	abscesses,	or	intra-abdominal
abscess	drainage.
Duration	 of	 therapy	 is	 dependent	 on	 the	 source	 of	 infection.	 For	 GNB
BSI,	 antibiotics	 should	 continue	 for	 at	 least	 14	 days,	 but	 the	 patient	may
require	a	 longer	duration	based	on	 the	source,	 such	as	 if	an	abscess	or	an
endovascular	infection	is	present.

TABLE	 26-1	 EMPIRIC	 TREATMENT	 OF	 SPECIFIC	 PATIENT
POPULATIONS	 AND	 SOURCES	 OF	 BLOOD	 STREAM
INFECTIONS	(BSIS)
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MDRO,	multidrug-resistant	organism;	MRSA,	methicillin-resistant	Staphylococcus	aureus.
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GENERAL	PRINCIPLES
Intravascular	 devices/central	 lines	 are	 frequently	 necessary	 in	 treating
critically	ill	patients	and	those	requiring	regular	venous	access.
However,	 these	 devices	 carry	 some	 risk	 given	 their	 association	 with
infection.
Both	local	infectious	complications	and	bloodstream	infections	can	occur	in
relation	to	the	intravascular	catheter.

Definition
Catheter-related	 bloodstream	 infection	 (CRBSI)	 is	 defined	 as
bacteremia/fungemia	in	a	patient	with	an	intravascular	catheter,	with	at	least
one	 positive	 blood	 culture	 obtained	 percutaneously,	 accompanied	 by
clinical	manifestations	of	infection	(e.g.,	fever,	chills,	hypotension),	and	no
other	apparent	source	of	infection	besides	the	catheter.1	Definitive	diagnosis
requires	 that	 the	 same	 organism	 grow	 from	 at	 least	 one	 peripherally
obtained	blood	culture	 and	 from	a	 catheter	 tip	 culture	or	 that	 at	 least	 two
blood	 cultures,	 obtained	 from	 a	 peripheral	 vein	 and	 from	 a	 catheter	 hub,
meet	criteria	for	positive	quantitative	blood	culture	and	differential	time
to	positivity	(DTP).

A	 positive	 quantitative	 blood	 culture	 is	 defined	 as	 at	 least	 threefold
greater	 colony	 count	 of	 microbes	 in	 blood	 obtained	 through	 the
catheter	hub	than	in	blood	obtained	from	a	peripheral	vein.
For	DTP,	 a	 positive	 result	 requires	 that	 the	 culture	 from	 the	 catheter
hub	 grow	 at	 least	 2	 hours	 before	 the	 blood	 culture	 obtained	 from	 a
peripheral	vein.
Alternatively,	 diagnosis	 can	be	made	on	 two	blood	 cultures	obtained



from	 different	 catheter	 hubs	 when	 the	 colony	 count	 on	 one	 blood
sample	 obtained	 through	 one	 catheter	 hub	 is	 threefold	 greater	 than
another	blood	sample	obtained	from	a	different	catheter	lumen.1

The	 delineation	 between	 short-term	 and	 long-term	 catheters	 is	 not	 exact.
Most,	however,	define	short-term	catheters	as	staying	for	<6	weeks,	while
long-term	catheters	usually	stay	for	more	than	6	weeks	to	months.2
Local	 infections	 that	 can	 result	 from	 intravascular	 catheters	 include1the
following:

Phlebitis:	 signs	 of	 infection	 (erythema,	 warmth,	 and	 tenderness)
involving	the	tract	of	a	catheterized	vein
Exit	 site	 infection:	 signs	 of	 infection,	 including	 purulent	 drainage,
within	2	cm	of	the	catheter	exit	site
Tunnel	infection:	signs	of	infection	more	than	2	cm	from	the	catheter
exit	site,	involving	the	subcutaneous	portion	of	a	tunneled	catheter
Pocket	 infection:	 signs	 of	 infection,	 usually	 including	 presence	 of
infected	 fluid,	 in	 the	 subcutaneous	 pocket	 of	 a	 totally	 implanted
intravascular	device

Epidemiology
CRBSIs	are	common	and	costly,	leading	to	a	high	level	of	morbidity.	In	the
United	States,	 the	 annual	 incidence	of	CRBSI	 is	 estimated	 to	 be	 between
4.3	and	7.0	cases	per	10,000	persons,3	while	 the	median	rate	of	CRBSI	in
various	types	of	ICUs	ranged	from	1.8	to	5.2	per	1000	catheter.4
The	estimated	attributable	mortality	rate	for	CRBSI	is	reported	to	be	1.8%.
CRBSI	 is	 also	 associated	 with	 significant	 increases	 in	 duration	 of
mechanical	 ventilations,	 duration	 of	 ICU	 and	 hospital	 stays,	 and	 total
hospital	 cost.5	 Risks	 of	 infection	 vary	 according	 to	 the	 type	 of	 catheter,
location	and	duration	of	catheter	use,	catheter	care,	and	materials.6

Etiology
Migration	of	skin	organisms	at	the	insertion	site	into	the	cutaneous	catheter
tract	with	colonization	of	the	catheter	tip	is	the	most	common	mechanism	of
infection.	Other	putative	mechanisms	include	contamination	of	the	catheter
hub,	 hematogenous	 seeding	 from	 other	 sites	 of	 infection,	 and,	 rarely,



infusate	contamination.7,8
In	order	for	infection	to	be	established	in	the	catheter,	microorganisms	must
first	gain	access	to	the	extraluminal	or	intraluminal	surface	of	the	catheter
and	 form	 a	 biofilm	 that	 allows	 persistence	 of	 the	 infection	 and
hematogenous	dissemination.7
Determinants	of	catheter-related	infection	include	the	material	from	which
the	 catheter	 is	 made	 and	 also	 the	 intrinsic	 virulence	 of	 the	 infecting
organism.	Thrombosis	may	also	predispose	to	catheter	infection.9
The	 most	 common	 organisms	 are	 gram-positive	 aerobes	 (coagulase-
negative	 staphylococci,	Staphylococcus	 aureus,	 and	Enterococcus),	 gram-
negative	 bacilli	 (Escherichia	 coli,	 Klebsiella	 species,	 Pseudomonas
aeruginosa,	 Enterobacter	 species,	 Serratia	 species,	 Acinetobacter
baumannii),	and	Candida	species.10

DIAGNOSIS

Clinical	Presentation
Fever	is	the	most	sensitive	sign.	Inflammation	and	purulence	of	the	catheter	site
are	more	specific	but	less	sensitive.	Look	for	evidence	of	infection	other	than	the
catheter	for	secondary	bacteremia	and	for	evidence	of	metastatic	infection,	such
as	osteomyelitis	or	endocarditis.1

Diagnostic	Testing
Paired	blood	cultures	 should	be	obtained	under	 sterile	 conditions:	 at	 least
one	 from	 a	 peripheral	 vein	 and	 one	 from	 the	 catheter	 before	 initiating
antibiotics.	 If	 blood	 cannot	 be	 obtained	 from	 a	 peripheral	 vein,	 ≥2	 blood
samples	should	be	drawn	from	different	catheter	lumens.1
When	 a	 catheter	 is	 removed	 because	 of	 suspected	 CRBSI	 (i.e.,	 based	 on
signs	 and	 symptoms),	 culture	 of	 the	 catheter	 should	 be	 performed.	 For
central	venous	catheters,	the	catheter	tip	should	be	sent	for	culture,	whereas
for	 pulmonary	 artery	 catheter,	 the	 introducer	 tip	 should	 be	 cultured.	 If	 a
venous	 access	 subcutaneous	 port	 is	 removed	 for	 suspected	 CRBSI,	 send



both	 the	 port	 and	 tip	 for	 cultures.	 Two	 catheter	 culturing	 techniques	 are
commonly	 used:	 semiquantitative	 (roll	 plate)	 and	 quantitative	 (vortex,
sonification).	 Growth	 of	 >15	 colony-forming	 units	 (cfu)	 by
semiquantitative	culture	or	>102	cfu	by	quantitative	culture	is	indicative	of
catheter	colonization.1
When	 there	 is	 catheter	 exit	 site	 exudate,	 swab	 the	 purulent	 material	 and
send	for	Gram	stain	and	culture.1
Echocardiography	should	be	considered	in	the	following	instances:	patients
with	S.	aureus	bacteremia	in	which	duration	of	therapy	<4–6	weeks	is	being
considered	 and	 those	 with	 findings	 suggestive	 of	 endocarditis,	 such	 as
persistent	 fevers	 or	 positive	 blood	 cultures	 >72	 hours	 after	 removal	 of
catheter	and	initiation	of	antibiotic	therapy,	presence	of	new	murmur,	septic
emboli,	 or	 the	 presence	 of	 prosthetic	 valve,	 cardiovascular	 implantable
electronic	 devices,	 or	 other	 endovascular	 hardware.	 Transesophageal
echocardiography	 is	 the	 preferred	 study	 for	 ruling	 out	 endocarditis,	 and
ideally	should	be	performed	5–7	days	after	the	onset	of	bacteremia.1,11

TREATMENT
In	general,	removal	of	the	central	venous	catheter	(CVC)	is	recommended
in	 patients	with	 severe	 sepsis,	 thrombophlebitis,	 infective	 endocarditis,	 or
prolonged	bacteremia	of	>72	hours	despite	appropriate	antibiotic	therapy.

Removal	of	long-term	CVCs	should	also	be	done	in	those	with	CRBSI
due	to	S.	aureus,	P.	aeruginosa,	fungi,	or	mycobacteria.
Additionally,	for	short-term	CVCs,	removal	should	be	done	in	CRBSI
due	 to	 S.	 aureus,	 gram-negative	 bacilli,	 Enterococcus,	 fungi,	 or
mycobacteria.
Removal	 is	 also	 indicated	 in	 CRBSI	 from	 difficult	 to	 eradicate
organisms,	 such	 as	 Bacillus	 species,	 Micrococcus	 species,	 and
Propionibacteria.1

Empiric	coverage	is	usually	with	vancomycin	at	15	mg/kg	IV	q12h	(adjust
based	 on	 renal	 function).	 Additional	 therapy	 for	 gram-negative	 bacteria,
targeting	 potentially	 multidrug-resistant	 strains,	 with	 fourth-generation
cephalosporin,	 carbapenem,	 or	 β-lactam/β-lactamase	 inhibitor,	 with	 or
without	aminoglycoside	 (choice	 is	based	on	antibiotic	 susceptibility	data),
should	 be	 considered	 in	 patients	 who	 are	 severely	 ill	 and



immunocompromised	and	those	with	femoral	catheters.	Empiric	antifungal
therapy,	usually	with	an	echinocandin,	can	be	considered	in	septic	patients
who	have	risk	factors	for	Candida	infection	(e.g.,	total	parenteral	nutrition,
hematologic	 malignancy,	 receipt	 of	 transplantation,	 presence	 of	 femoral
catheter).	 De-escalate	 to	 narrower	 therapy	 when	 the	 organism	 and	 its
susceptibilities	are	known.1
For	 CRBSI	 involving	 short-term	 catheters,	 the	 recommended	 duration	 of
antibiotic	therapy	for	uncomplicated	CRBSI	(no	other	intravascular	device
and	 no	 evidence	 of	 endocarditis,	 suppurative	 thrombophlebitis,	 or
osteomyelitis)	 after	 removal	 of	 catheter	 in	 patients	 without	 active
malignancy	or	immunosuppression	is	as	follows:

Coagulase-negative	staphylococci:	5–7	days
Enterococcus:	7–14	days
Gram-negative	bacilli:	7–14	days
S.	aureus:	≥	14	days
Candida	species:	14	days1

For	 uncomplicated	 CRBSI	 involving	 long-term	 catheters,	 recommended
duration	of	treatment	is	as	follows	(for	all	CRBSI,	day	1	starts	on	the	day	of
first	negative	blood	culture1):

Coagulase-negative	staphylococci:	10–14	days
S.	aureus:	4–6	weeks
Enterococcus:	7–14	days
Gram-negative	bacilli:	10–14	days
Candida	species:	14	days

For	 complicated	 CRBSI,	 such	 as	 those	 associated	 with	 septic
thrombophlebitis,	 endocarditis,	 and	 osteomyelitis,	 the	 infected	 catheter
should	 be	 removed,	 and	 duration	 of	 treatment	 is	 at	 least	 4–6	 weeks	 for
thrombophlebitis,	 6	 weeks	 for	 endocarditis,	 and	 6–8	 weeks	 for
osteomyelitis.1
Of	note,	a	dilated	ophthalmologic	examination	should	be	performed	on	all
patients	with	candidemia.12
Patients	with	local	 infections,	particularly	tunnel	 infection	or	port	abscess,
and	 no	 concomitant	 bacteremia/fungemia,	 require	 removal	 of	 the	 catheter
and	7–10	days	of	antibiotics.	Catheter	salvage	may	be	attempted	in	patients
with	 uncomplicated	 CRBSI,	 but	 additional	 blood	 cultures	 should	 be
obtained.	Antibiotic	 lock	 therapy	should	be	used	with	systemic	antibiotics
for	 catheter	 salvage;	 however,	 if	 this	 cannot	 be	 used,	 then	 the	 antibiotics



1.

2.

should	 be	 given	 through	 the	 infected	 catheter.	 If	 blood	 cultures	 remain
persistent	>72	hours	despite	appropriate	therapy,	then	the	catheter	should	be
removed.1,13

SPECIAL	CONSIDERATIONS
The	availability	of	specialized	teams	of	experienced	staff	has	decreased	the
complications	and	costs	associated	with	CRBSIs.
The	 site	 of	 catheter	 insertion	 plays	 a	 role,	with	 the	 subclavian	 site	 being
superior	to	the	internal	jugular,	which	in	turn	is	superior	to	femoral	in	terms
of	having	low	infection	rates.6	However,	other	factors	such	as	potential	for
mechanical	complications	or	the	skill	of	the	catheter	operator	must	also	be
considered.
The	type	of	catheter	also	plays	a	role,	with	Teflon	or	polyurethane	catheters
having	 lower	 rates	 of	 infection	 than	 polyvinyl	 chloride,	 Silastic,	 or
polyethylene.	The	use	of	catheters	coated	with	antiseptics	or	antimicrobials,
such	as	chlorhexidine/silver	sulfadiazine	or	minocycline/rifampin,	has	also
been	shown	to	reduce	rates	of	infection.
Skin	antisepsis	with	2%	chlorhexidine	 is	 superior	 to	other	skin	antisepsis,
such	as	povidone–iodine.
Hand	 hygiene	 and	 maximal	 sterile	 barrier	 precautions	 (e.g.,	 cap,	 mask,
sterile	 gown,	 sterile	 gloves,	 sterile	 large	 drape)	 have	 been	 shown	 to
decrease	rates	of	CRBSI	and	should	be	used	with	insertion	of	CVCs.9
Systemic	 antimicrobial	 prophylaxis	 has	 not	 been	 shown	 to	 improve
outcomes.	 There	 is	 no	 evidence	 that	 changing	 catheters	 on	 a	 schedule	 as
opposed	to	when	needed	reduces	infection	rates.	Also,	catheters	exchanged
over	a	guidewire	do	not	decrease	infection	risk	and	should	not	be	performed
to	replace	nontunneled	catheters	suspected	of	infection.9
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GENERAL	PRINCIPLES
The	 clinical	 spectrum	of	 infective	 endocarditis	 (IE)	 has	 changed	 over	 the
decades	 for	 numerous	 reasons,	 such	 as	 decreased	 incidence	 of	 rheumatic
fever,	 extended	 life	 expectancy	 (and,	 therefore,	 increased	 degenerative
valve	 disease),	 expanded	 use	 of	 prosthetic	 heart	 valves	 and	 other
intravascular	 devices,	 intravenous	 drug	 use	 (IDU),	 and	 the	 emergence	 of
antibiotic	resistance.1
Risk	 factors	 include	 IDU,	 chronic	 valvular	 disease	 (degenerative	 disease
now	more	common	than	rheumatic	heart	disease),	prior	valve	replacement,
congenital	 heart	 disease	 (e.g.,	 congenital	 aortic	 stenosis	 and
ventriculoseptal	 defect),	 hypertrophic	 obstructive	 cardiomyopathy,	 prior
endocarditis,	intravascular	devices,	poor	dental	hygiene	(although	most	feel
the	 association	 with	 dental	 procedures	 per	 se	 is	 overemphasized),
hemodialysis,	increasing	age,	and	human	immunodeficiency	virus	(HIV).2,3
Most	cases	are	not	directly	attributable	to	invasive	procedures.
Despite	 antibiotic	 treatment,	 IE	 continues	 to	 have	 a	 high	 morbidity	 and
mortality.
The	incidence	of	native	valve	IE	ranges	from	1.7	to	6.2	per	100,000	patient-
years;	 for	prosthetic	valve	IE,	 the	figure	 is	 roughly	1	per	100,000	patient-
years	or	1%	at	12	months	and	2–3%	at	60	months.	With	IDU,	the	incidence
is	markedly	higher,	at	about	150–2000	per	100,000.3

A	 myriad	 of	 different	 bacteria	 are	 capable	 of	 causing	 IE,	 but	 the	 large
majority	 of	 cases	 are	 caused	 by	 viridans	 group	 streptococci	 and
staphylococci.	 Overall,	 Staphylococcus	 aureus	 is	 the	 most	 common
organism.4,5	Coagulase-negative	staphylococci	and	enterococci	are	the	next
most	common.



The	 clinical	 scenario	 can	 be	 used	 to	 some	 extent	 in	 narrowing	 the
possibilities:

Acute	IE	rapidly	progresses	over	1–2	days,	and	the	infecting	organism
is	highly	pathogenic	 (e.g.,	S.	aureus).	 It	 is	 less	 likely	 to	present	with
embolic	and	immunologic	phenomena.
Subacute	 IE	 symptoms	 evolve	 over	 weeks	 to	 months,	 and	 the
infecting	organism	 is	 less	virulent	 (e.g.,	 viridans	group	 streptococci).
Embolic	 and	 immunologic	 phenomena	 are	more	 likely	 to	 be	 seen	 in
left-sided	subacute	IE.
Native	valve	endocarditis	 in	adults	15–60	years	old,	excluding	 IDU
and	 nosocomial	 infection,	 most	 commonly	 occurs	 in	 the	 setting	 of
mitral	 valve	 prolapse	 with	 an	 associated	 regurgitation	 and	 murmur.
Congenital	 heart	 disease	 accounts	 for	 up	 to	 a	 quarter	 of	 cases.	 S.
aureus	 and	 viridans	 group	 streptococci	 and	 are	 the	 most	 common
organisms.
IDU	is	associated	with	a	high	risk	for	IE;	about	75%	of	cases	occur	on
the	right	side	(tricuspid).	The	cause	for	this	right-sided	predilection	is
not	 entirely	 clear.	 S.	 aureus	 causes	 60–70%	 of	 cases;	 streptococci
account	 for	 most	 of	 the	 remainder;	 less	 frequently,	 gram-negative
organisms	(e.g.,	Pseudomonas	aeruginosa)	and	fungi	are	causative.
Early	 prosthetic	 valve	 IE	 occurring	 within	 2	 months	 of	 surgery	 is
most	commonly	caused	by	coagulase-negative	staphylococci.
Late	prosthetic	valve	IE	is	most	commonly	caused	by	viridans	group
streptococci.	It	 is	believed	to	be	related	to	incidental	bacteremias	and
not	associated	with	the	original	surgery.
Nosocomial	endocarditis	 is	 probably	more	 frequent	 than	 previously
suspected.	 The	 most	 common	 offending	 organisms	 are	 S.	 aureus,
enterococci,	gram-negative	bacilli,	and	Candida	species.
Other	 important	 organisms	 include	 Streptococcus	 bovis	 (associated
with	 colon	 cancer),	 other	 nonviridans/nonenterococcal	 streptococci,
and	diphtheroids.
“Culture-negative”	 endocarditis	 may	 be	 caused	 by	 “HACEK”
organisms	 (Haemophilus	 parainfluenzae,	 H.	 paraphrophilus,	 H.
aphrophilus,	Actinobacillus	actinomycetemcomitans,	Cardiobacterium
hominis,	Eikenella	corrodens,	Kingella	kingae),	Mycoplasma	 species,
Bartonella	species,	Brucella	species,	and	Coxiella	burnetii.5	In	many
cases	 of	 “culture-negative”	 IE,	 blood	 cultures	 are	 obtained	 after
antibiotics	were	started.



DIAGNOSIS

Clinical	Presentation
History

Fever	 occurs	 in	 90%	 of	 patients	 (along	 with	 a	 new	 murmur	 the	 most
common	 presentation).	While	 obvious,	 it	 is	 important	 to	 note	 that	 up	 to
10%	of	patients	will,	in	fact,	be	afebrile.
Rash,	chills,	diaphoresis,	malaise,	anorexia,	and	weight	loss	may	occur.
The	 elderly	 and	 immunocompromised	 may	 have	 more	 atypical
presentations.
Any	 history	 of	 preexisting	 or	 prior	 cardiac	 abnormalities	 should	 be
carefully	elucidated.
Symptoms	of	congestive	heart	failure	(CHF)	may	develop	and	may	be	quite
important	with	regard	to	possible	surgery.
Pulmonary	symptoms	are	important	in	association	with	IDU	because	septic
emboli	 may	 occur	 from	 right-sided	 endocarditis.	 Peripheral	 embolic
phenomena	generally	do	not	occur	in	right-sided	IE.

Physical	Examination
An	especially	thorough	physical	examination	is	indicated	whenever	there	is	any
concern	for	IE.6

Cardiac	exam	should	focus	on	new	or	changing	murmur(s)	and	signs	of
CHF.
In	addition	to	conjunctival	petechiae,	a	funduscopic	exam	should	be	done	to
look	for	retinal	hemorrhages,	Roth	spots,	and	evidence	of	endophthalmitis.
Roth	spots	are	retinal	lesions	with	a	pale	center	surrounded	by	a	red	halo.
Petechiae	are	the	most	common	rash	seen	in	IE.	In	addition	to	occurring	on
the	conjunctivae	of	the	lids,	they	may	also	be	seen	on	the	palate	and	above
the	clavicles	at	the	base	of	the	neck.	Purpuric	lesions	may	occur	as	well.
Osler	nodes	 are	ephemeral,	painful,	and	very	 tender	erythematous/bluish-
purple	nodules,	usually	on	the	pads	of	the	fingers	and	toes,	which	may	have
pale	 central	 areas	 without	 necrosis.	 They	 may	 also	 occur	 on	 the	 palms,
soles,	and	elsewhere.	Each	lesion	may	last	from	hours	to	days.	Osler	nodes



are	thought	to	be	immunologic	in	origin,	a	sterile	vasculitis.
Janeway	 lesions	 are	 also	 thought	 to	 be	 immunologic	 in	 origin.	 They	 are
painless,	 flat,	 pink/red	 irregular	 spots	 that	 blanch	 with	 pressure	 and	 are
found	on	the	palms	and	soles	of	some	patients.
Splinter	 hemorrhages	 (subungual	 hemorrhages)	 can	 be	 detected	 on	 the
fingernails	with	the	background	of	a	penlight.	They	are	red	(then	brown	or
black),	 oriented	 along	 the	 long	 axis	 of	 the	 distal	 third	 of	 the	 nail,	 and
generally	1–3	mm	long.
Splenomegaly	is	relatively	common.
Neurologic	 findings	 are	not	unusual	and	 include	confusional	 states,	 focal
neurologic	 findings	 from	 emboli,	 hemorrhages	 from	 mycotic	 aneurysms,
and	cerebritis	symptoms.
Look	for	physical	evidence	of	IDU.

Diagnostic	Testing
Evaluation	 should	be	guided	by	 the	modified	Duke	 criteria	 (Tables	 28-1	 and
28-2),1	but	these	should	not	exclude	best	clinical	judgment.

TABLE	 28-1	 MODIFIED	 DUKE	 CRITERIA	 OF	 INFECTIVE
ENDOCARDITIS



Modified	 from	 Li	 JS,	 Sexton	 DJ,	 Mick	 N,	 et	 al.	 Proposed	 modifications	 to	 the	 Duke	 criteria	 for	 the
diagnosis	of	infective	endocarditis.	Clin	Infect	Dis	2000;30:633–8.

TABLE	28-2	MODIFIED	DUKE	CRITERIA	TERMS



TEE,	transesophageal	echocardiography;	TTE,	transthoracic	echocardiography.
Modified	 from	 Li	 JS,	 Sexton	 DJ,	 Mick	 N,	 et	 al.	 Proposed	 modifications	 to	 the	 Duke	 criteria	 for	 the
diagnosis	of	infective	endocarditis.	Clin	Infect	Dis	2000;30:633–8.



Laboratories

Blood	 cultures,	 if	 at	 all	 possible,	 are	 of	 the	 utmost	 importance,	 before
antibiotics	are	given.	A	minimum	of	three	sets	should	be	obtained	over	no
<1	hour	from	separate	sites.	In	subacute	cases,	this	time	frame	can	be	safely
expanded	 to	 a	 few	 days.	 Save	 the	 cultures	 for	 2–3	 weeks	 to	 isolate
fastidious	organisms.
Urinalysis	 may	 reveal	 a	microscopic	 hematuria	 and	 proteinuria.	 Immune
complex	glomerulonephritis	is	associated	with	red	blood	cell	(RBC)	casts,
gross	proteinuria,	and	decreased	 total	complement	 levels.	Renal	 infarction
from	embolic	disease	may	manifest	as	gross	hematuria.
The	complete	blood	count	may	reveal	anemia	and	leukocytosis.
Elevations	 in	 nonspecific	 markers	 of	 inflammation	 (erythrocyte
sedimentation	 rate,	 C-reactive	 protein,	 and	 rheumatoid	 factor)	 are
common.

Electrocardiography
An	 electrocardiogram	 should	 be	 obtained	 to	 look	 for	 evidence	 of	 embolic
disease	 to	 coronary	 arteries	 and	 to	 assess	 for	 conduction	 delays	 suggestive	 of
abscess	formation.

Imaging

A	chest	radiograph	should	be	obtained	in	all	patients.
Echocardiography	should	be	performed	on	all	patients	with	suspected	IE.

A	transthoracic	echocardiogram	(TTE)	is	a	rational	choice	when	the
images	are	 likely	 to	be	of	good	quality	or	 initial	clinical	 suspicion	 is
fairly	low.
If	the	echo	images	are	likely	to	be	poor	(e.g.,	with	chronic	obstructive
pulmonary	 disease,	 severe	 obesity,	 prior	 thoracic	 surgery)	 or	 the
clinical	 suspicion	 of	 IE	 and/or	 its	 complications	 is	 high	 (e.g.,
prosthetic	 valve,	 staph	 bacteremia,	 new	 atrioventricular	 [AV]	 block),
then	transesophageal	echocardiography	(TEE)	 is	 the	best	 first	 test.
However,	in	some	clinical	situations,	it	may	not	be	possible	to	obtain	a
TEE	 relatively	urgently	 (<12	hours	 after	 initial	 evaluation),	 in	which
case	a	TTE	should	be	obtained.
If	an	initial	TTE	discloses	high-risk	findings	(e.g.,	large	and/or	mobile
vegetations,	 valvular	 insufficiency,	 indications	 of	 perivalvular



extension,	 or	 secondary	 ventricular	 dysfunction),	 then	 a	 TEE	 should
subsequently	be	done	to	better	delineate	these	abnormalities.
Repeat	 echocardiography	 may	 be	 warranted	 if	 the	 first	 study	 is
negative	 but	 clinical	 suspicion	 remains	 or	 when	 the	 initial
echocardiogram	 is	 positive	 and	 the	 patient	 subsequently	 deteriorates
despite	 treatment	 (e.g.,	 progression	 of	CHF,	 change	 in	murmur,	 new
AV	block,	or	other	arrhythmia).	Intraoperative	echocardiography	may
be	helpful	in	cases	that	go	to	surgery.	All	patients	should	have	a	repeat
echo	in	the	posttreatment	phase	to	define	the	new	baseline.

TREATMENT
In	general,	high	doses	of	antibiotics	are	 required	 for	prolonged	periods	 in
order	to	effect	a	cure.	Therapy	should	be	directed	by	culture	and	sensitivity
results	whenever	possible.	 In	 the	majority	of	 cases,	 an	 infectious	diseases
consultation	is	desirable.
At	 least	 two	 sets	of	blood	cultures	 should	be	obtained	every	24–48	hours
during	the	initial	stages	of	antibiotic	therapy	until	negative.
Total	recommended	duration	of	therapy	begins	on	the	first	day	the	cultures
are	sterile.
When	 the	 recommended	 regimen	 calls	 for	 the	 use	 synergistic	 antibiotics,
these	should	be	given	as	close	together	as	possible.
Baseline	audiometry	should	be	obtained	for	patients	who	will	receive	7	or
more	days	of	aminoglycoside.
Patients	 should	defervesce	and	clinically	 improve	within	about	3–10	days
of	appropriate	therapy.	If	they	are	still	spiking	fevers,	then	assess	them	for
potential	complications,	such	as	abscess,	and	reassess	the	sensitivity	of	the
pathogen.
Empiric	 therapy	 may	 be	 required	 for	 acute	 IE,	 while	 the	 etiologic
organism	and	antibiotic	susceptibilities	are	being	determined.	Of	course,	the
clinical	scenario	may	provide	clues	as	to	the	likely	organism	(see	above).

For	 acute	 IE,	 a	 reasonable	 empiric	 regimen	 is	 vancomycin	 30
mg/kg/day	divided	twice	per	day	plus	gentamicin	3	mg/kg/day	divided
two	or	three	times	per	day.	Therapy	should	then	be	modified	on	the
basis	of	culture	and	susceptibility	data.
In	many	 cases	 of	 subacute	 IE,	 antibiotics	may	 be	withheld	 until	 the



organism	is	identified.
The	 2015	 American	 Heart	 Association	 guidelines1	 (endorsed	 by	 the
Infectious	 Diseases	 Society	 of	 America)	 recommend	 the	 following
regimens	for	the	most	common	forms	of	IE:

NATIVE	 valve	 viridans	 group	 streptococci	 and	 S.	 bovis	 IE	 and
penicillin	minimum	inhibitory	concentration	(MIC)	≤0.12	mcg/mL

Penicillin	 G	 12–18	 million	 U/day	 IV	 (continuously	 or	 divided
equally	four	to	six	times	per	day)	for	4	weeks	OR
Ceftriaxone	2	g/day	IV/IM	(in	one	dose)	for	4	weeks
Two	weeks	 of	 either	may	 be	 sufficient	 if	 given	 in	 combination
with	gentamicin	3	mg/kg/day	IV	(in	one	dose).
Vancomycin	 may	 be	 used	 in	 those	 intolerant	 of	 both	 penicillin
and	ceftriaxone.

NATIVE	 valve	 viridans	 group	 streptococci	 and	 S.	 bovis	 IE	 and
penicillin	MIC	>0.12	to	≤0.5	mcg/mL

Penicillin	G	24	million	U/day	IV	(continuously	or	divided	equally
four	to	six	times	per	day)	for	4	weeks	OR
Ceftriaxone	2	g/day	IV/IM	(in	one	dose)	for	4	weeks	PLUS
Gentamicin	3	mg/kg/day	IV	(in	one	dose)	for	2	weeks
Vancomycin	 may	 be	 used	 in	 those	 intolerant	 of	 both	 penicillin
and	ceftriaxone.

PROSTHETIC	valve	viridans	group	 streptococci	 and	S.	bovis	 IE
and	penicillin	MIC	≤0.12	mcg/mL

Penicillin	G	24	million	U/day	IV	(continuously	or	divided	equally
four	to	six	times	per	day)	for	6	weeks	OR
Ceftriaxone	 2	 g/day	 IV/IM	 (in	 1	 dose)	 for	 6	weeks	WITH	OR
WITHOUT
Gentamicin	3	mg/kg/day	IV	(in	one	dose)	for	the	first	2	weeks
Vancomycin	 may	 be	 used	 in	 those	 intolerant	 of	 both	 penicillin
and	ceftriaxone.

PROSTHETIC	valve	viridans	group	 streptococci	 and	S.	bovis	 IE
and	penicillin	MIC	>0.12	mcg/mL

Penicillin	G	24	million	U/day	IV	(continuously	or	divided	equally
four	to	six	times	per	day)	for	6	weeks	OR
Ceftriaxone	2	g/day	IV/IM	(in	one	dose)	for	6	weeks	PLUS
Gentamicin	3	mg/kg/day	IV	(in	one	dose)	for	6	weeks
Vancomycin	 may	 be	 used	 in	 those	 intolerant	 of	 both	 penicillin
and	ceftriaxone.

NATIVE	valve	S.	aureus	IE



Oxacillin-sensitive	S.	aureus	(OSSA)
Nafcillin	 or	 oxacillin	 12	 g/day	 (divided	 equally	 four	 to	 six
times	per	day)	for	6	weeks	PLUS	OPTIONAL
Gentamicin	 3	 mg/kg/day	 IV	 (divided	 equally	 two	 to	 three
times	per	day)	for	3–5	days
Skin	 testing	 should	 be	 done	 in	 those	 with	 a	 questionable
history	of	penicillin	allergy.	A	first-generation	cephalosporin
may	 be	 substituted	 in	 patients	 with	 nonanaphylactoid
reactions.
Vancomycin	 can	 be	 used	 for	 those	 with	 anaphylactoid
reactions.

Oxacillin-resistant	 S.	 aureus	 (ORSA):	 Vancomycin	 30
mg/kg/day	 (divided	 equally	 twice	 per	 day)	 for	 6	weeks.	 Adjust
doses	for	a	peak	level	of	30–45	mcg/mL	and	a	trough	level	of	10–
15	mcg/mL.

PROSTHETIC	valve	S.	aureus	IE
Oxacillin-sensitive	S.	aureus	(OSSA)

Nafcillin	 or	 oxacillin	 12	 g/24	 hours	 (divided	 equally	 six
times	per	day)	for	at	least	6	weeks	PLUS
Rifampin	 900	 mg/day	 IV/PO	 (divided	 equally	 three	 times
per	day)	for	at	least	6	weeks	PLUS
Gentamicin	 3	 mg/kg/day	 IV	 (divided	 equally	 two	 to	 three
times	per	day)	for	the	first	2	weeks

Oxacillin-resistant	S.	aureus	(ORSA)
Vancomycin	 30	mg/kg/day	 (divided	 equally	 twice	 per	 day)
for	at	least	6	weeks	PLUS
Rifampin	 900	 mg/day	 IV/PO	 (divided	 equally	 three	 times
per	day)	for	at	least	6	weeks	PLUS
Gentamicin	3	mg/kg/day	(divided	equally	two	to	three	times
per	day)	for	the	first	2	weeks
Adjust	vancomycin	doses	for	a	peak	level	of	30–45	mcg/mL
and	a	trough	level	of	10–15	mcg/mL

Coagulase-negative	staphylococcal	IE
The	 majority	 of	 coagulase-negative	 staph	 are	 resistant	 to
penicillin;	 therapy	 should	 proceed	 under	 this	 assumption
unless	sensitivity	can	be	definitely	demonstrated.
Treatment	 is	 essentially	 as	 described	 above	 for	 oxacillin-
resistant	S.	aureus.

Surgery	 is	ultimately	required	in	approximately	one-third	of	patients.	It	is



more	 commonly	 needed	 in	 prosthetic	 valve	 IE	 than	 in	 native	 valve	 IE.
Decisions	 regarding	 surgery	 are	 quite	 complex	 and	must	 be	 informed	 by
expert	 clinical	 judgment.	 The	 major	 indications	 for	 surgery	 include
refractory	 CHF,	 fungal	 IE,	 infection	 with	 antibiotic-resistant	 organisms,
persistent	bacteremia	despite	1	week	of	antibiotics,	left-sided	IE	with	gram-
negative	 bacteria,	 one	 or	 more	 embolic	 events	 in	 the	 first	 2	 weeks,	 and
echocardiographic	 evidence	 of	 valve	 obstruction,	 dehiscence,	 perforation,
rupture,	or	fistula	or	a	large	perivalvular	abscess.	Other	potential	indications
for	 surgery	 include	 anterior	 mitral	 valve	 leaflet	 vegetation	 >10	 mm,
persistent	vegetation	after	systemic	embolization,	and	increasing	vegetation
size	 despite	 antibiotics.	 Surgical	 removal	 of	 implanted	 cardiac	 devices	 is
also	indicated	for	patients	with	IE.7

SPECIAL	CONSIDERATIONS
In	 2007,	 the	 American	 Heart	 Association	 (AHA)	 released	 its	 most
recent	guideline8	regarding	IE	prophylaxis;	 it	contains	major	changes
compared	to	prior	guidelines.
There	is	a	notable	lack	of	data	supporting	the	use	of	antibiotic	prophylaxis
in	 the	 setting	 of	 dental,	 gastrointestinal	 (GI),	 and	 genitourinary	 (GU)
procedures,	 and	 evidence	of	 causation	 is	 circumstantial.	 In	 fact,	 there	 has
been	no	prospective,	placebo-controlled,	multicenter,	 randomized,	double-
blind	study	of	the	efficacy	of	IE	antibiotic	prophylaxis.
Based	on	a	synthesis	of	available	data,	it	is	likely	that	most	cases	of	IE	are
not	 directly	 caused	 by	 dental	 or	 other	 procedures	 and	 that	 even	 if
antibiotic	 prophylaxis	 were	 completely	 effective,	 a	 very	 large	 number
prophylactic	 doses	 would	 be	 needed	 to	 prevent	 a	 very	 small	 number	 of
cases	or	IE.
The	 cumulative	 risk	 for	 IE	 is	 much	 greater	 with	 ordinary	 daily
activities	 (chewing,	 brushing,	 and	 flossing).	On	 the	 other	 hand,	 the	 risks
associated	with	single-dose	antibiotic	prophylaxis	are	quite	low,	but	they	do
exist	 (e.g.,	 increased	 antibiotic	 resistance	 and	 rare	 cases	 of	 anaphylaxis).
The	 AHA	 suggests	 that	 there	 be	 greater	 emphasis	 on	 oral	 health	 in
individuals	with	high-risk	cardiac	conditions.
The	guidelines	conclude	that	antibiotic	prophylaxis	is	reasonable	in	very
few	clinical	situations.	Prophylaxis	is	now	recommended	(despite	the	lack



of	conclusive	evidence)	only	for	patients	with	cardiac	conditions	associated
with	the	highest	risk	of	adverse	outcome	who	are	undergoing	certain	dental
procedures	(Table	28-3).8	This	does	not	 include	patients	with	mitral	valve
prolapse.
Only	dental	procedures	that	involve	manipulation	of	the	gingival	tissue	or
the	periapical	region	(i.e.,	near	the	roots)	of	teeth	or	perforation	of	the	oral
mucosa	warrant	prophylaxis.	Tooth	extractions	and	cleanings	are	included.
In	 these	 instances,	 prophylactic	 antibiotics	 should	 be	 directed	 against
viridans	streptococci.	Despite	known	resistance	patterns,	the	recommended
regimens	for	dental	procedures	are	as	follows:

Amoxicillin	2	g	PO	30–60	minutes	before	the	procedure.
If	unable	to	take	PO,	ampicillin	2	g	IM/IV	or	cefazolin	1	g	IM/IV	or
ceftriaxone	1	g	IM/IV	30–60	minutes	before	the	procedure.
If	allergic	 to	penicillins,	cephalexin	2	g	PO	(do	not	use	 if	 there	 is	a
history	 of	 anaphylactoid	 reactions)	 or	 clindamycin	 600	 mg	 PO	 or
azithromycin/clarithromycin	 500	 mg	 PO	 30–60	 minutes	 before	 the
procedure.	Another	 first-	 or	 second-generation	 cephalosporin	may	be
used	in	doses	equivalent	to	cephalexin.
For	 patients	 who	 are	 penicillin	 allergic	 and	 cannot	 take	 PO,
cefazolin/ceftriaxone	 1	 g	 IM/IV	 (do	 not	 use	 if	 there	 is	 a	 history	 of
anaphylactoid	reactions)	or	clindamycin	600	mg	IM/IV	30–60	minutes
before	the	procedure.
IE	prophylaxis	may	also	be	reasonable	for	high-risk	patients	(Table	28-
3)	having	procedures	on	the	respiratory	tract	involving	incision	or
biopsy	of	the	respiratory	mucosa.	The	same	regimens	recommended
above	for	dental	procedures	should	be	used.
For	 procedures	 on	 infected	 skin,	 skin	 structures,	 or
musculoskeletal	tissue,	it	is	reasonable	that	treatment	for	the	infection
itself	 should	 be	 active	 against	 staphylococci	 and	 β-hemolytic
streptococci	 (e.g.,	 an	 antistaphylococcal	 penicillin	 or	 cephalosporin).
For	 patients	 unable	 to	 tolerate	 penicillins	 or	 who	 are	 suspected	 or
known	 to	have	 an	ORSA	 infection,	 vancomycin	or	 clindamycin	may
be	used.
Antibiotics	solely	for	the	purpose	of	IE	prophylaxis	are	no	longer
recommended	for	GI	(including	endoscopy)	or	GU	procedures	on
any	patient.

TABLE	 28-3	 CARDIAC	 CONDITIONS	 WITH	 THE	 HIGHEST



1.

2.

3.

4.

5.

6.

7.

8.

RISK	 OF	 ADVERSE	 OUTCOME	 FROM	 INFECTIVE
ENDOCARDITIS

Modified	from	Wilson	W,	Taubert	KA,	Gewitz	M,	 et	 al.	 Prevention	 of	 infective	 endocarditis:	 guidelines
from	the	American	Heart	Association.	Circulation	2007;116:1736–54.
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GENERAL	PRINCIPLES
Meningitis	is	an	inflammation	of	the	meninges	caused	by	bacteria,	viruses,
fungi,	parasites,	or	noninfectious	etiologies.
Bacterial	meningitis	still	has	a	high	mortality	rate	(up	to	12%).
Early	diagnosis	and	therapy	are	critical	for	improving	outcomes.

Epidemiology
Meningitis	has	an	annual	incidence	of	~1.38	per	100,000	people.1
Risk	 factors	 include	 extremes	 of	 age,	 immunocompromised	 states,
traumatic	or	surgical	breakdown	of	 the	blood–brain	barrier,	and	 infectious
exposure.

Etiology
See	Table	29-1	for	a	differential	diagnosis	of	aseptic	meningitis	and	Table	29-2
for	the	most	common	causes	of	bacterial	meningitis.

TABLE	 29-1	 ETIOLOGIC	 DIFFERENTIAL	 DIAGNOSIS	 OF
ASEPTIC	MENINGITIS



COX-2,	 cyclooxygenase-2;	 MMR,	 measles,	 mumps,	 rubella;	 NSAIDs,	 nonsteroidal	 anti-inflammatory
drugs;	TMP–SMX,	trimethoprim–sulfamethoxazole.

TABLE	29-2	LIKELY	BACTERIAL	PATHOGENS	AND	EMPIRIC
THERAPY	BASED	ON	CLINICAL	CHARACTERISTICS



AIDS,	acquired	immunodeficiency	syndrome;	CSF,	cerebrospinal	fluid.
From	Sinner	SW,	Tunkel	AR.	Antimicrobial	agents	in	the	treatment	of	bacterial	meningitis.	Infect	Dis	Clin
North	Am	2004;18:581.

Bacterial	meningitis
Streptococcus	 pneumoniae	 is	 the	 most	 common	 cause	 of	 bacterial
meningitis	in	the	United	States.
Neisseria	meningitidis	most	often	occurs	in	children,	young	adults,	and
those	with	terminal	complement	deficiencies.	Outbreaks	may	occur.
Listeria	monocytogenes	develops	 in	neonates,	older	adults	(>50	years
old),	and	those	who	are	immunocompromised.
Health	care–associated	meningitis	usually	occurs	in	the	setting	of	head
trauma,	recent	neurosurgery,	or	placement	of	a	ventricular	drain;	 it	 is
usually	 caused	 by	 Staphylococcus	 species,	 aerobic	 gram-negative
bacilli,	or	Propionibacterium	acnes.

Aseptic	 meningitis/other	 infectious	 etiologies:	 Aseptic	 meningitis	 is
defined	 by	 clinical	 and	 laboratory	 evidence	 for	 meningeal	 inflammation,



but	negative	routine	bacterial	cultures.
Etiologies	 include	viruses,	 such	 as	 enterovirus	 (most	 common),	HIV,
herpes	 simplex	 virus	 (HSV),	 mumps	 virus,	 arthropod-borne	 viruses,
West-Nile	 virus,	 St.	 Louis	 encephalitis	 virus,	 varicella-zoster	 virus
(VZV),	 Epstein-Barr	 virus	 (EBV),	 cytomegalovirus	 (CMV),	 and
human	herpesvirus	6	(HHV6).2
Additional	infectious	etiologies	of	meningitis	include	the	following:

Spirochetes,	such	as	syphilis
Tick-borne	 diseases	 such	 as	 Lyme	 disease,	 Rocky	 Mountain
spotted	fever	(RMSF),	or	ehrlichiosis
Fungal	 meningitis,	 which	 can	 be	 caused	 by	 cryptococcus	 and
coccidiomycosis

DIAGNOSIS

Clinical	Presentation
History

Patients	 usually	 present	 with	 a	 combination	 of	 fever,	 headache,
meningismus,	 and	 signs	 of	 cerebellar	 dysfunction	 (confusion,	 delirium,
seizure,	or	decreased	level	of	consciousness).3
In	 cases	 of	 bacterial	 meningitis,	 these	 symptoms	 present	 within	 hours	 to
days,	while	 symptoms	 of	 fungal	 or	 tuberculous	meningitis	 present	within
days	to	weeks	of	infection.
The	headache	 that	 is	often	described	 is	very	common	and	is	characterized
as	severe	and	generalized.
Older	adults	may	present	more	insidiously	with	lethargy,	without	fever,	or
meningismus.
It	 is	 important	 to	 pay	 attention	 to	 any	 history	 suggestive	 of	 a	 possible
etiology.

A	history	of	immunosuppression	(HIV	status,	splenectomy,	end-stage
renal	disease	[ESRD],	cirrhosis,	or	alcoholism)
Time	 of	 year/outdoor	 exposures	 (summer	 to	 fall	 is	 more	 likely	 to
include	enteroviruses,	arboviruses,	or	West	Nile	virus)



A	 cancer	 history	 (consider	 carcinomatous	 meningitis),	 where
neurologic	symptoms	predominate;	leg	weakness	or	numbness,	ataxia,
or	cranial	nerve	symptoms	may	be	the	only	clue
Recent	upper	respiratory	infection	(more	likely	viral	etiology)

Physical	Examination

Physical	 examination	 should	 include	 investigation	 for	 findings	 associated
with	meningitis;	meningismus	and	photophobia	are	common.
Kernig	sign	can	be	performed	as	follows:	flex	thigh	on	the	abdomen	with
knee	 also	 in	 flexed	 position	 and	 then	 extend	 the	 knee.	 It	 is	 positive	 if	 it
elicits	pain	or	resistance.
Brudzinski	sign	can	be	performed	as	follows:	flexion	of	the	neck	leads	to
flexion	of	the	hips	and/or	knees.
Neurological	examination	should	be	complete.

Cranial	 nerve	 palsies	 can	 be	 seen	 in	 10–15%	 of	 bacterial	 infections
(cranial	nerves	III,	IV,	VI,	and	VII	are	most	commonly	affected).
Papilledema	or	absent	retinal	venous	pulsations,	obtundation,	bilateral
cranial	 nerve	 III	 palsies,	 and	 Cushing	 response	 (bradycardia,
hypertension,	 erratic	 respirations)	 suggest	 greatly	 increased
intracranial	pressure.
Cerebellar	ataxia	is	seen	in	VZV	encephalitis.
Asymmetric	flaccid	paralysis	suggests	West	Nile	viral	infection.

A	 skin	 examination	 will	 evaluate	 for	 rashes	 associated	 with	 certain
etiologies	of	meningitis.
Petechial	 rash	 suggests	 meningococcus,	 but	 this	 can	 also	 be	 seen	 in
pneumococcal	disease	and	others.
Maculopapular	rashes	are	common	with	viral	infections.

Diagnostic	Testing
A	complete	 blood	 count	 (CBC)	will	 usually	 show	 leukocytosis;	 complete
metabolic	 profile,	 prothrombin	 time/partial	 thromboplastin	 time,	 and
urinalysis	 should	be	performed.	Obtain	blood,	urine,	and	sputum	cultures;
also	consider	HIV	testing	and	throat	and	stool	cultures	for	a	viral	source.
Performing	 a	 lumbar	 puncture	 (LP)	 to	 examine	 the	 cerebral	 spinal	 fluid
(CSF)	 is	 crucial	 for	 establishing	 the	 diagnosis,	 identifying	 the	 causative



organism,	and	performing	in	vitro	susceptibility	testing.4
The	most	serious	complication	of	LP	is	cerebral	herniation,	prompting
many	 to	 obtain	 a	 noncontrast	 head	 CT	 to	 evaluate	 risk	 for	 elevated
intracranial	pressure.
It	 is	 recommended	 by	 the	 Infectious	 Disease	 Society	 of	 America
(IDSA)	 that	 for	 those	 patients	 who	 present	 with	 concern	 for
meningitis,	 a	 noncontrast	 head	 CT	 should	 be	 reserved	 for	 those
who	have	an	 immunocompromised	 state,	history	of	CNS	disease,
new-onset	 seizure,	 papilledema,	 altered	 consciousness,	 or	 focal
neurological	deficit.5
One	should	always	be	aware	of	clinical	signs	of	impending	herniation
regardless	of	CT	scan	 findings	 (pupillary	changes,	posturing,	or	very
recent	seizure)	and	avoid	LP.
If	LP	is	delayed	for	head	CT,	blood	cultures	and	antimicrobial	therapy
should	be	administered	empirically	before	the	imaging	study.5

Table	 29-3	 elucidates	 common	 patterns	 of	 CSF	 studies	 in	 normal	 and
disease	states;	Gram	stain	is	always	recommended.6
Two	 thirds	 of	 patients	 with	 viral	 meningitis	 have	 polymorphonuclear
leukocyte	 (PMN)	 predominance	 in	 the	 CSF	 when	 examined	 early	 in	 the
course	 of	 the	 illness.	 This	 generally	 evolves	 to	 a	 lymphocytic
predominance.
HSV	may	be	associated	with	hemorrhagic	CSF.
If	 a	 traumatic	 LP	 is	 suspected	 and	 the	 peripheral	 WBC	 count	 is	 not
abnormally	low	or	high,	a	method	for	estimating	the	adjusted	WBC	count	is
to	 subtract	 1	WBC	 for	 every	 500–1500	 red	 blood	 cells	 measured	 in	 the
CSF.
Other	CSF	tests	to	consider	include	the	following:

Acid-fast	 (for	 Mycobacterium	 tuberculosis)	 and	 India	 Ink	 (for
Cryptococcus	 neoformans),	 and	 venereal	 disease	 research	 laboratory
(VDRL)	 test	 and	 fluorescent	 treponema	 antibody	 absorption	 (FTA-
ABS)	test	for	syphilis.
Fungal	 serologic	 testing:	 cryptococcal	 antigen,	Histoplasma	 antigen,
Blastomyces	and	coccidioides	complement-fixation	antibody
Polymerase	chain	reaction	(PCR)	for	HSV,	CMV,	VZV,	EBV,	HHV6,
JC	virus
Latex	 agglutination	 testing	 for	 S.	 pneumoniae,	 N.	 meningitidis,	 H.
influenzae,	 Escherichia	 coli,	 and	 group	 B	 streptococcus	 has	 good
sensitivity,	but	its	use	does	not	modify	the	administration	of	antibiotic



therapy.	 The	 IDSA	 practice	 guidelines	 for	 meningitis	 do	 not
recommend	routine	use	of	 latex	agglutination	 testing	 in	 the	diagnosis
of	meningitis,7	 but	 it	 may	 be	 most	 useful	 in	 patients	 who	 received
antibiotics	prior	to	LP	and	have	a	negative	Gram	stain	and	culture.
Cytology	and	flow	cytometry

TABLE	29-3	COMMON	CEREBROSPINAL	FLUID	PATTERNS	IN
NORMAL	AND	DISEASE	STATES

PMNs,	polymorphonuclear	neutrophils;	RBCs,	red	blood	cells;	WBC,	white	blood	cell.



TREATMENT
Empiric	 treatment	 consists	 of	 supportive	 measures	 and	 antimicrobial
therapy.
Whenever	 acute	 bacterial	 meningitis	 is	 suspected,	 high-dose	 parenteral
antimicrobial	therapy	should	be	started	as	soon	as	possible.	Tailor	therapy	is
based	on	Table	29-2.8
Until	the	etiology	of	the	meningitis	is	known,	an	empiric	regimen	should	be
based	on	patient	risk	factors	and	Gram	stain	of	the	CSF.
Duration	of	therapy	is	10–14	days;	most	physicians	treat	for	14	days.
Gram-negative	and	L.	monocytogenes	infections	may	require	21–28	days	of
therapy.
Adjunctive	dexamethasone

Animal	 models	 have	 shown	 decreased	 subarachnoid	 space
inflammation	with	administration	of	adjunctive	dexamethasone.
The	 administration	 of	 dexamethasone	 reduces	 the	 risk	 of	 poor
neurologic	 outcome	 (hearing	 loss	 and	 sequelae	 but	 does	 not	 affect
mortality)	in	patients	with	meningitis	from	S.	pneumonia.9
Recommended	 dosing	 of	 dexamethasone	 is	 0.15	 mg/kg	 q6	 for	 2–4
days	 with	 the	 first	 dose	 administered	 10–20	 minutes	 before	 or
concomitant	with	the	first	dose	of	antimicrobial	therapy.
Only	 continue	 steroids	 if	 CSF	 Gram	 stain	 reveals	 gram-positive
diplococci	and/or	positive	culture	for	S.	pneumoniae.
Dexamethasone	 may	 reduce	 CSF	 vancomycin	 penetration,	 and
therefore,	 addition	 of	 rifampin	 to	 empirical	 vancomycin	 and
cephalosporin	may	be	reasonable	pending	culture	results.7

Tailored	treatment
Gram	 stain	will	 be	 the	 first	 test	 to	 return	 and	will	 influence	 therapy
(Table	29-4).10
Therapy	can	then	be	tailored	to	cultures	and	susceptibility	results.	For
presumed	and/or	confirmed	HSV	meningitis,	IV	acyclovir	at	10	mg/kg
q8h	for	a	total	of	10–14	days	of	treatment	is	appropriate.
If	 tuberculous	meningitis	 is	suspected,	 treatment	involves	a	four-drug
therapy	with	a	tailored	regimen	that	is	continued	for	6–12	months.

TABLE	29-4	EMPIRIC	THERAPY	BASED	ON	CEREBROSPINAL
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From	Brouwer	MC,	Tunkel	AR,	van	de	Beek	D.	Epidemiology,	diagnosis,	 and	antimicrobial	 treatment	of
acute	bacterial	meningitis.	Clin	Microbiol	Rev	2010;23:467–92.

Other	Nonpharmacologic	Therapies
Indication	 for	 repeat	 LP:	 No	 clinical	 response	 after	 48	 hours	 of
appropriate	empiric	antimicrobials	should	warrant	a	repeat	LP.7
Isolation

All	 patients	 with	meningitis	 should	 be	 initially	 placed	 in	 respiratory
isolation	 for	 at	 least	 24	 hours	 of	 effective	 therapy	 pending	 testing
results	given	the	concern	for	N.	meningitidis	infectivity.
Patients	 with	 measles,	 mumps,	 or	 influenza	 should	 be	 placed	 in
respiratory	isolation	throughout	the	duration	of	illness.
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GENERAL	PRINCIPLES
Altered	mental	status	is	an	imprecise	term	that	could	be	used	to	describe
essentially	 any	 deviation	 from	 a	 normal	 alert	 state.	 While	 delirium	 is
definitely	a	state	of	altered	mental	status,	not	all	altered	mental	status	is
delirium	 (e.g.,	 coma,	 dementia,	 postictal	 state,	 etc.).	 In	 the	 context	 of
internal	medicine,	altered	mental	status	is	often	taken	to	imply	delirium	but
certainly	not	always.	The	term	encephalopathy	also	encompasses	delirium
and	connotes	global	brain	dysfunction	that	is	often	reversible,	generally	due
to	metabolic	and/or	toxic	causes,	and	not	caused	by	a	focal	brain	lesion.
Delirium	is	common,	affecting	up	to	29%	of	elderly	hospitalized	patients.1
Postoperatively,	the	incidence	may	approach	60%	in	the	elderly.2	In	patients
who	require	an	intensive	care	unit,	the	incidence	of	delirium	reaches	70%.3
These	 patients	 are	 at	 risk	 for	 complications	 including	 increased	 length	 of
stay,	 malnutrition,	 decubitus	 ulcers,	 and	 death.2,4	 They	 are	 also	 at	 an
increased	risk	of	new	nursing	home	placement	and	functional	decline,	even
up	to	3	months	after	discharge.5	With	these	complications,	delirium	results
in	an	enormous	burden	on	health	care	resources,	with	estimated	costs	up	to
150	billion	dollars	per	year.6
The	Diagnostic	 and	 Statistical	Manual	 of	Mental	Disorders,	 fifth	 edition
(DSM-5)	characterizes	delirium	as	follows7:

There	 is	 a	 disturbance	 in	attention	 (reduced	 ability	 to	 direct,	 focus,
sustain,	and	shift	attention)	and	awareness.
The	disturbance	develops	over	a	short	period	of	time	(hours	to	days),
represents	 a	 change	 from	 baseline,	 and	 tends	 to	 fluctuate	 during	 the
course	of	the	day.
There	 is	 an	 additional	 disturbance	 in	 cognition	 (memory	 deficit,
disorientation,	language,	visuospatial	ability,	or	perception).



The	 disturbances	 are	 not	 better	 explained	 by	 another	 preexisting,
evolving,	 or	 established	 neurocognitive	 disorder	 and	 do	 not	 occur	 in
the	context	of	a	severely	reduced	level	of	arousal	such	as	coma.
The	history,	physical,	and	 laboratories	suggest	 that	 the	disturbance	 is
caused	by	a	medical	 condition,	 substance	 intoxication	or	withdrawal,
or	medication	side	effect	or	from	multiple	etiologies

The	 Confusion	 Assessment	 Method	 (CAM)	 diagnostic	 algorithm	 is
sensitive	 (94–100%)	 and	 specific	 (90–95%)	 for	 the	 diagnosis	 of	 delirium
and	requires	the	presence	of	the	following: 8

Acute	onset	with	a	fluctuating	course	AND
Inattention	PLUS
Disorganized	thinking	OR
Altered	level	of	consciousness/alertness

Table	 30-1	 presents	 a	 comparison	 of	 the	 characteristics	 of	 delirium	 and
dementia.9,10
Patients	 with	 preexisting	 dementia,	 advanced	 age	 (>65	 years	 old),
neurological	disease,	chronic	kidney	or	hepatic	disease,	history	of	falls	and
immobility	are	at	greater	risk	for	delirium.9,11,12
The	well-described	syndrome	of	sundowning	is	not	delirium	per	se	but	is	a
clinical	 diagnosis	 thought	 to	 be	 related	 to	 a	 disorder	 of	 circadian	 rhythm,
among	 other	 factors.	 It	 is	 seen	 most	 often	 in	 institutionalized	 demented
patients	 and	 is	 characterized	 by	 confusion	 and	 behavioral	 problems
occurring	 repetitively	 in	 the	 late	 afternoon,	 evening,	 or	 night.	 Behavioral
manifestations	 include	 confusion,	 disorientation,	 anxiety,	 agitation,
aggression,	and	wandering.	Sundowning	may	be	precipitated	or	exacerbated
by	 changes	 in	 routine	 and/or	 environment	 such	 as	 experiencing	 darkness,
excess	 noise,	 shift	 change,	 patient	 fatigue,	 or	 social	 isolation.13	 As	 with
delirium,	 medical	 causes	 should	 be	 sought	 when	 sundowning	 presents
acutely.
A	 listing	 of	 the	 causes	 of	 altered	 mental	 status/delirium	 is	 presented	 in
Table	30-2.	Often,	the	cause	of	delirium	is	multifactorial.	It	is	important
to	note	that	the	elderly	are	particularly	susceptible	to	the	combined	effects
of	multiple	causes	including	seemingly	trivial	contributors	such	as	reduced
visual	and	auditory	acuity	and	use	of	physical	 restraints.	Polypharmacy	 is
also	a	very	common	cause	in	the	geriatric	population.9,12

TABLE	 30-1	 CHARACTERISTICS	 OF	 DELIRIUM	 AND



DEMENTIA

TABLE	30-2	CAUSES	OF	ALTERED	MENTAL	STATUS



CNS,	central	nervous	 system;	MI,	myocardial	 infarction;	NSAIDs,	nonsteroidal	 anti-inflammatory	drugs;
UTI,	urinary	tract	infection.

DIAGNOSIS

Clinical	Presentation



History
It	is	imperative	to	obtain	a	collateral	history,	as	most	delirious	patients	will	not
be	 capable	 of	 providing	 a	 coherent	 history.	 History	 should	 be	 elicited	 from
family	members	or	other	caregivers	and	should	focus	on	several	items,	as	listed
in	Table	30-3.	Attempts	 should	be	made	 to	elicit	 a	history	of	 subtle	 signs	of	a
prior	cerebrovascular	accident	(CVA).12

TABLE	 30-3	 KEY	 HISTORICAL	 FEATURES	 OF	 ALTERED
MENTAL	STATUS

Physical	Examination

The	purpose	of	the	physical	exam	in	delirious	patients	is	to	identify	possible
precipitating	causes	or	evidence	of	a	focal	neurologic	process.
In	 a	 complete	 physical	 exam,	 it	 is	 important	 to	 look	 for	 evidence	 of
infection,	 hypoxemia,	 dehydration,	 and	 head	 trauma.	 Evaluate	 for	 both
urine	 and	 fecal	 retention	 as	 urinary	 retention	 is	 known	 to	 be	 a	 cause	 of
delirium	(cystocerebral	syndrome)	and	patients	with	delirium	are	at	a	higher
risk	for	fecal	retention.10
The	 neurologic	 exam	 is	 important	 to	 look	 for	 focal	 changes	 but	 may	 be
challenging	due	 to	 a	 combination	of	decreased	consciousness,	 inattention,
and	lack	of	cooperation.12
Passive,	repeated	examinations	of	patient	behaviors	are	important.



Motor	activity:	Is	there	psychomotor	agitation	or	retardation?
Alertness:	What	level	of	stimulus	is	required	to	arouse	the	patient?
Attentiveness:	Can	the	patient	maintain	focus	during	a	conversation,	or
is	 he	 or	 she	 easily	 distracted?	 Can	 the	 patient	 shift	 attention
appropriately?
Speech:	Pay	attention	to	content	and	flow	of	thought.

The	Mini	Mental	State	Examination	(MMSE),	or	Folstein	test,	is	a	useful
screen	for	cognitive	dysfunction.	A	score	<24	on	 the	MMSE	is	abnormal,
but	the	test	is	limited	by	the	fact	that	biases	can	occur	with	advanced	age,
poor	education,	and	differences	in	cultural	backgrounds.14
The	Short	Blessed	Test	(SBT)	(Table	30-4)	is	more	time-efficient	than	and
nearly	as	accurate	as	 the	MMSE.	A	score	of	<9	on	 the	SBT	is	considered
normal.15	 A	 single	 normal	 exam	 does	 not	 exclude	 cognitive	 dysfunction
because	it	does	not	take	into	account	fluctuations.	Serial	exams	are	likely	to
be	more	useful	for	identifying	and	following	delirious	patients.	A	baseline
exam	on	 admission	 on	 all	 admitted	 patients	with	 the	 diagnosis	 or	 at	 high
risk	for	developing	delirium	is	useful.9

TABLE	30-4	THE	SHORT	BLESSED	TEST

Data	from	Thompson	P,	Blessed	G.	Correlation	between	the	37-item	mental	test	score	and	abbreviated	10-
item	mental	test	score	by	psychogeriatric	day	patients.	Br	J	Psychiatry	1987;151:206–9.

Diagnostic	Testing
Basic	laboratory	evaluation	includes	the	following	when	appropriate:



Urinalysis	with	microscopic	analysis	(culture	if	abnormal)
Arterial	blood	gases	or	pulse	oximetry
Electrolytes	(including	calcium,	blood	urea	nitrogen,	and	creatinine)
Blood	glucose	level
Hepatic	function	panel
Complete	blood	count
Further	 testing	 such	 as	 ethanol	 level,	 toxicology	 screens,	 thyroid
function	 tests,	 Venereal	 Disease	 Research	 Laboratory	 (VDRL)	 test,
and	HIV	screening	should	be	considered	when	appropriate.

ECG:	The	elderly	may	have	delirium	as	 the	only	symptom	of	myocardial
ischemia	or	infarction.
Lumbar	puncture	 to	 exclude	meningoencephalitis	 can	 be	 considered	 for
patients	with	unexplained	mental	 status	 changes,	 especially	 in	 the	 face	of
fever,	headache,	leukocytosis,	or	other	evidence	of	sepsis	that	is	not	readily
attributable	to	another	source.
EEG	 is	 not	 routinely	 indicated	 but	 can	 be	 useful	 in	 cases	 where	 the
diagnosis	remains	in	doubt	or	there	is	concern	for	seizure	activity.12

Most	patients	should	have	a	CXR	to	rule	out	pneumonia.
Noncontrast	 CT	 of	 the	 brain	 should	 be	 performed	 if	 there	 are	 new	 focal
neurologic	 deficits	 (to	 evaluate	 for	 an	 old	 CVA	 or	 other	 structural
abnormality)	 or	 if	 there	 is	 a	 history	 of	 falls	 (to	 exclude	 a	 subdural
hematoma).	A	CT	 of	 the	 head	 should	 also	 be	 considered	 in	 patients	who
cannot	provide	a	history	or	cooperate	during	a	physical	exam.9,12
MRI	 may	 further	 identify	 causes	 of	 encephalopathy	 in	 patients	 with	 a
nondiagnostic	CT.

TREATMENT
Preoperative	 and	 admission	 assessment	 of	 mental	 status	 is	 critical	 in
applying	 appropriate	 interventions	 and	 assessing	 the	 response.	 Prevention
and	 early	 intervention	with	 increasing	mobility	 and	 activity,	 reorientation
strategies,	nonpharmacological	prevention	of	sleep	deprivation/interruption,
hydration,	 and	 reversing	hearing	 and/or	visual	 impairments	 is	 effective	 in
decreasing	delirium	in	hospitalized	patients.12,16
Treatment	 is	 primarily	 supportive	 until	 the	 underlying	 precipitants	 are



identified	and	eliminated	if	possible.
Review	 medications	 and	 give	 a	 therapeutic	 and	 diagnostic	 trial	 of
stopping	 suspect	medications.	 Avoid	 starting	 new	 medications	 that
could	worsen	the	problem.
Maximize	 the	 safety	 of	 the	 surrounding	 environment.	 Institute	 fall
precautions	 (e.g.,	 bed	 alarms,	 low/floor	 beds,	 canopied	 beds,	 floor
mats,	door	alarms).
Avoid	 physical	 restraints	 if	 at	 all	 possible,	 which	 can	 increase
agitation,	can	result	in	iatrogenic	injuries,	and	can	actually	precipitate
delirium.10	Do	not	use	bed	rails	as	quasi	restraints;	at	least	one	foot	rail
should	be	down.
Treat	 pain	 adequately	 with	 appropriate	 analgesics,	 but	 avoid
excessive	doses,	particularly	with	opioids.
Evaluate	sensory	input.

Avoid	 sensory	 extremes,	 including	 darkness	 during	 the	 day,
excess	 light	 during	 the	 night,	 and	 excess/unnecessary	 sensory
input	at	night	(e.g.,	television,	radio,	conversation).17
Avoid	placing	two	delirious	patients	in	the	same	room.
Familiar	 faces:	 Ask	 a	 family	 member	 to	 stay	 with	 the	 patient.
Minimally	 trained	 so-called	 sitters	 unknown	 to	 the	 patient	 may
not	be	particularly	helpful.
Use	windows	and	a	visible	clock/calendar	to	orient	the	patient	to
the	day–night	cycle.
Get	 the	 patient	 up	 in	 the	 day	 and	 in	 bed	 at	 night	 (hopefully
asleep).	Provide	nutrition	at	appropriate	times	(i.e.,	try	to	get	the
patient	to	eat	at	breakfast,	lunch,	and	dinner).12

Medications	 are	 indicated	 only	 for	 specific	 clearly	 disruptive	 or	 harmful
behaviors.

Neuroleptic	agents	may	be	useful	in	treating	hyperactive	patients	who
represent	a	real	danger	to	themselves	or	the	staff.

Haloperidol	may	initially	be	administered	IM	for	prompt	control.
The	 starting	 dose	 should	 be	 low	 (0.5–1	 mg)	 and	 given
parenterally;	it	can	be	repeated	every	30–60	minutes	until	control
is	 achieved.	 This	 can	 be	 switched	 to	 oral	 administration	 (dosed
every	4–6	hours)	if	continued	maintenance	is	needed.9
Newer,	 atypical	 antipsychotics	 (e.g.,	 risperidone,	 quetiapine,
olanzapine)	may	be	preferred	in	the	elderly	and	those	with	known
Parkinson	 disease	 owing	 to	 the	 potentially	 lower	 risk	 of
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extrapyramidal	 symptoms	 compared	 with	 higher	 doses	 of
haloperidol.	These	drugs	also	generally	cause	less	sedation.9,17,18
The	long-term	use	of	atypical	antipsychotics	 in	patients	with
dementia	may	be	associated	with	a	modestly	higher	mortality
rate.19
A	 potential	 severe	 side	 effect	 of	 antipsychotics	 is	 neuroleptic
malignant	syndrome	although	this	is	rare	(<1%	for	all	drugs).	In
addition,	antipsychotics	may	cause	QT	prolongation.18

Benzodiazepines	 can	 be	 useful	 adjuncts	 to	 antipsychotic	 agents	 for
severe	 agitation	 and	 withdrawal	 syndromes.	 Lorazepam	 (0.5–1	 mg
PO)	 is	 the	 drug	 of	 choice.	 Intravenous	 use	 of	 lorazepam	 should	 be
limited	 to	 emergencies.	 Of	 note,	 there	 is	 a	 risk	 of	 excess	 sedation,
confusion,	 as	 well	 as	 a	 paradoxical	 excitation	 reaction	 with	 these
medications.	 These	 side	 effects	 can	 be	 prolonged	 and	 more
pronounced	in	the	elderly	population.9,17
Melatonin	 agonists	 have	 recently	 been	 studied	 for	 the	 prevention	 of
delirium.	A	recent	 study	showed	 that	nightly	 ramelteon,	compared	 to
placebo,	 decreased	 the	 incidence	 of	 delirium	 in	 an	 elderly	 (65–89
years	 old)	 hospitalized	 population.	 Further	 studies	 are	 needed	 to
validate	these	results.20
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GENERAL	PRINCIPLES
Vertigo	 is	 the	 sensation	 of	movement	 or	 rotation	 in	 the	 absence	 of	 actual
motion.
Subjectively	 and	 etiologically,	 it	 is	 distinct	 from	 presyncope,
disequilibrium,	and	light-headedness.
The	term	dizziness	may	refer	to	either	vertigo	or	presyncope	and	is	a	less-
referred	clinical	term.
Vertigo	 generally	 results	 from	 unilateral	 dysfunction	 of	 the	 vestibular
system,	 which	 consists	 of	 peripheral	 components	 (semicircular	 canals,
otoliths,	 and	 vestibular	 nerve)	 and	 central	 components	 (particularly	 the
vestibular	 nuclear	 cortex,	 vestibulocerebellum,	 and	 brainstem).1
Differentiating	 peripheral	 from	 central	 causes	 of	 vertigo	 is	 of	 paramount
importance	in	the	assessment	of	the	vertiginous	patient.

The	true	prevalence	of	vertigo	is	difficult	to	determine	because	of	variations
in	the	way	vertigo	is	experienced	and	described.
Dizziness	 ranks	 among	 the	 most	 common	 complaints	 evaluated	 by
physicians.	 More	 specifically,	 vertigo	 affects	 between	 3%	 and	 10%	 of
individuals	over	 their	 lifetimes.	 It	 is	 reported	more	commonly	 in	 females,
and	many	specific	syndromes	become	more	prevalent	with	age.2

DIAGNOSIS

Clinical	Presentation



Vertiginous	patients	may	describe	either	a	sensation	of	the	room	spinning	around
them,	 or	 a	 sensation	 of	 impulsion	 (the	 sensation	 of	 being	 propelled	 through
space).	Patients	may	also	describe	unsteady	gait,	 although	 such	 complaints	 in
the	absence	of	the	sensation	of	motion	suggest	a	nonvertiginous	etiology.	Vertigo
can	be	episodic	or	continuous.	Episodes	of	vertigo	may	be	brief,	lasting	for	only
a	few	seconds,	or	more	prolonged	(lasting	hours	or	days).

History

The	 first	 objective	 of	 the	 history	 is	 to	 distinguish	 true	 vertigo	 from	other
syndromes	of	light-headedness	or	presyncope.	Sensations	of	impending	loss
of	 consciousness,	 haziness	 of	 vision,	 or	 disorientation	 are	 generally
inconsistent	with	the	diagnosis	of	vertigo	and	should	trigger	evaluation	for
alternative	etiologies;	however,	these	features	may	accompany	some	forms
of	central	vertigo.
Once	 vertigo	 is	 confirmed,	 historical	 features	 can	 help	 to	 distinguish
peripheral	from	central	causes	(Table	31-1).

Changes	 in	 hearing	 (such	 as	 tinnitus	 or	 hearing	 loss)	 suggest	 a
peripheral	etiology	(e.g.,	vestibular	disease).
Imbalance	or	ataxia	may	reflect	a	central	cause	(e.g.,	central	nervous
system	lesion).
The	 presence	 of	 recurrent	 headache	 may	 suggest	 the	 possibility	 of
migrainous	vertigo	or	malignancy.

The	differential	diagnosis	for	vertigo	 is	broad,	but	 the	diagnosis	can	often
be	made	by	history	alone	(Tables	31-2	and	31-3).
The	 history	 should	 include	 prior	 head	 trauma,	 cerebrovascular	 accidents,
neoplasms,	 otitis,	 medication	 use,	 ethanol	 or	 illicit	 drug	 use,	 diving,	 air
travel,	 and	 sinusitis.	 In	 addition,	 asking	 about	 timing	 and	 duration	 of
symptoms,	associated	symptoms,	and	provoking	factors	can	help	determine
the	cause	of	vertigo.

Benign	paroxysmal	positional	vertigo	(BPPV)	 is	 the	most	common
cause	 of	 vertigo3	 and	 causes	 recurrent,	 brief	 (<60	 seconds)	 attacks
brought	on	by	changes	in	head	position.4
Vestibular	 neuritis	 presents	 with	 acute,	 spontaneous	 vertigo.
Symptoms	 are	 worse	 with	 position	 change	 and	 head	 shaking.
Nystagmus	 is	 common,	 and	 patients	 frequently	 fall	 to	 the	 affected
side.5
Ménière	 disease	 produces	 a	 classic	 triad	 of	 episodic	 hearing	 loss,



tinnitus,	 and	 vertigo	 lasting	 several	 minutes	 to	 several	 hours.	 A
sense	 of	 fullness	 in	 the	 affected	 ear	 is	 commonly	 reported.	 Sudden
falls	 associated	 with	 Ménière	 disease—referred	 to	 as	 Tumarkin
attacks—can	be	 confused	with	 syncopal	 episodes,	 although	 they	 are
not	associated	with	loss	of	consciousness.6
A	 perilymphatic	 fistula	 can	 cause	 persistent	 vertigo	 after	 head
trauma.7	Vertigo	may	worsen	with	loud	or	low-frequency	sounds	(the
Tullio	phenomenon).8	In	the	absence	of	a	history	of	trauma,	the	Tullio
phenomenon	can	also	be	seen	in	patients	with	superior	semicircular
canal	dehiscence.9
Acoustic	neuroma	frequently	presents	with	progressive	symptoms	of
hearing	loss	or	tinnitus,	with	later	onset	of	vertigo	and	ataxia.	Other
cranial	nerve	deficits	 (particularly	 involving	 the	 trigeminal	and	 facial
nerves)	can	be	seen	as	a	result	of	direct	tumor	extension.10
Although	vertebrobasilar	 insufficiency	can	be	associated	with	other
neurologic	 symptoms	 (such	 as	 diplopia,	 weakness,	 or	 confusion),	 it
commonly	 presents	 with	 isolated	 vertigo.11	 As	 many	 as	 20%	 of
patients	 with	 transient	 ischemic	 attack	 or	 cerebral	 infarction
involving	 the	 posterior	 cerebral	 circulation	 also	 experience	 vertigo
without	associated	neurologic	deficits.12

TABLE	 31-1	 HISTORY	AND	 EXAM	 FEATURES	 SUGGESTING
PERIPHERAL	VERSUS	CENTRAL	VERTIGO

Data	 from	Karatas	M.	Central	 vertigo	 and	 dizziness:	 epidemiology,	 differential	 diagnosis,	 and	 common
causes.	Neurologist	2008;14(6):355–64.



TABLE	31-2	CAUSES	OF	PERIPHERAL	VERTIGO

TABLE	31-3	CAUSES	OF	CENTRAL	VERTIGO

Physical	Examination

An	external	ear	exam	may	reveal	signs	of	infection	or	vesicles	of	Ramsay
Hunt	syndrome	(varicella	zoster	virus	[VZV]	affecting	cranial	nerve	VII).
A	 detailed	 neurologic	 exam	 focusing	 on	 cranial	 nerves	 helps	 to	 identify
focal	 neurologic	 findings	 and	 further	 localization	 (Table	 31-1).	 Other
neurologic	deficits,	particularly	ataxia,	should	raise	suspicion	for	a	central
lesion.
The	Dix-Hallpike	maneuver	 helps	 to	 distinguish	BPPV:	With	 the	 patient
seated	on	a	bed	or	examination	table,	the	examiner	turns	the	patient’s	head
45	 degrees	 to	 the	 right.	 In	 one	 firm	motion,	 the	 patient	 is	 allowed	 to	 fall
supine,	and	the	head	is	allowed	to	drop	~20	degrees	beyond	the	edge	of	the
bed	 or	 table.	 The	 patient’s	 eyes	 are	 closely	 observed	 for	 rotational



nystagmus,	and	the	patient	is	queried	regarding	vertigo.	The	procedure	may
then	be	repeated	with	the	head	turned	to	the	left.	Patients	may	also	develop
nystagmus	and	vertigo	when	returned	quickly	to	the	seated	position.4
Caloric	testing	may	aid	in	the	diagnosis.

Always	 establish	 the	 integrity	 of	 the	 tympanic	membrane	 before
performing	caloric	testing.
The	patient	should	be	positioned	supine	in	bed	with	the	head	elevated
to	30	degrees.	A	small	amount	of	warm	(not	hot)	water	is	instilled	into
the	 ear	 canal.	 Use	 cold	 water	 only	 if	 warm	 water	 does	 not	 elicit	 a
response.
In	a	normal	response,	warm	water	irrigation	produces	nystagmus	with
the	fast	phase	toward	the	irrigated	ear.
Cold	water	produces	nystagmus	with	the	fast	phase	away	from	the	ear.
In	 vestibular	 disease,	 the	 responses	 are	 diminished	 or	 absent	 on	 the
affected	side.13

The	 H.I.N.T.S	 exam	 is	 a	 three-step	 bedside	 tool	 that	 can	 be	 used	 to
distinguish	a	central	from	a	peripheral	cause	of	vertigo	based	on	careful	eye
examination.	 It	 includes	 a	Head	 Impulse	 test,	 evaluation	 of	Nystagmus
type,	 and	 a	Test	 of	 Skew	 deviation.	 This	 combination	 of	 tests	 has	 been
shown	to	have	value	in	detecting	central	causes	of	vertigo,	such	as	stroke.14

The	Head	Impulse	Test	 involves	abrupt	 rotation	of	 the	patient’s	head
with	 his	 or	 her	 vision	 fixated	 ahead	 on	 an	 object.	 In	 patients	with	 a
peripheral	cause,	 this	will	often	be	followed	by	a	series	of	oppositely
directed	 corrective	 saccades.	 The	 absence	 of	 corrective	 saccades	 is
more	compatible	with	central	pathology.15
Patients	 with	 peripheral	 vertigo	 will	 often	 demonstrate	 horizontal
nystagmus,	 beating	 in	 only	 one	 direction,	 increasing	 in	 amplitude
when	the	gaze	is	directed	toward	the	beat	of	the	nystagmus.	Vertical	or
torsional	nystagmus,	or	nystagmus	that	changes	direction	on	eccentric
gaze,	suggests	a	central	pathology.14
Skew	 deviation	 refers	 to	 vertical	 ocular	 misalignment.	 This	 can	 be
elicited	via	the	alternate	cover	test,	in	which	each	eye	is	sequentially
covered,	 then	 uncovered.	 Patients	 with	 central	 lesions	 may	 exhibit
vertical	 refixation	 saccades	 after	 the	 eye	 is	 uncovered.	 Patients	 with
peripheral	vertigo	will	tend	to	maintain	their	fixation	while	each	eye	is
covered	and	uncovered.14



Diagnostic	Testing
Straightforward	 diagnoses	 with	 characteristic	 historical	 features	 and	 physical
examination	findings	may	not	require	further	evaluation.

Electrooculography	and	audiometry	may	be	useful	in	unclear	cases.
Magnetic	 resonance	 imaging	 (MRI)	 should	 be	 performed	 for	 suspected
central	vertigo	or	 acoustic	neuroma.	MRI	 should	also	be	performed	when
symptoms	are	accompanied	by	headache	or	in	patients	with	risk	factors	for
cerebrovascular	accident.	Neuroimaging	should	also	be	considered	in	cases
of	acute	peripheral	vertigo	that	worsen	after	48	hours.
Magnetic	 resonance	 angiography	 or	 traditional	 cerebral	 angiography
may	identify	vertebrobasilar	vascular	disease.16

TREATMENT
While	 the	 treatment	 options	 for	 vertigo	 are	 generally	 directed	 at	 the
underlying	 cause,	 symptomatic	 pharmacologic	 therapy	 can	 be	 applied	 as
needed.
Pharmacologic	 therapeutic	options,	with	 typical	adult	dosages,	 include	the
following:

Meclizine,	25–100	mg	per	day	divided	into	2–3	doses	per	day	for	up	to
3	days
Diazepam,	2	mg	PO	two	times	per	day
Promethazine,	25	mg	PO	two	times	per	day	for	up	to	7	days
Prochlorperazine,	5–10	mg	PO	every	6–8	hours	for	up	to	7	days

More	targeted	therapy	can	be	useful	in	particular	vertigo	syndromes.
For	patients	with	benign	positional	vertigo,	a	bedside	Epley	maneuver
is	 >70%	 effective	 on	 first	 attempt	 and	 >90%	 after	 two	 attempts.
Brandt-Daroff	habituation	exercises	involve	head	and	trunk	tilts	and
may	 be	 effective	 for	 decreasing	 symptoms	 when	 Epley	 maneuvers
fail.17
Ménière	 disease	 can	 be	 managed	 with	 2	 g	 sodium	 restriction	 or
diuretic	 therapy	 (acetazolamide	 or	 hydrochlorothiazide).	 Additional
symptomatic	 medications	 may	 be	 given.	 Surgery	 may	 be	 useful	 for
refractory	cases.17
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Vestibular	 neuritis	 has	 traditionally	 been	 treated	 with	 steroid	 pulse
therapy;	however,	in	studies,	the	effect	on	clinical	recovery	may	not	be
as	robust	as	the	effect	on	normalization	of	caloric	responses.18,19
Ramsay	Hunt	 syndrome	 is	 generally	 treated	with	 acyclovir	 (800	mg
PO	five	times	per	day),	famcyclovir	(500	mg	PO	three	times	per	day),
or	valacyclovir	 (1000	mg	PO	three	 times	per	day)	 for	7	days,	started
within	 72	 hours	 of	 rash	 onset,	 often	 in	 combination	 with
corticosteroids.	However,	the	effectiveness	of	therapy	is	controversial,
and	there	are	limited	data	regarding	the	impact	on	vertigo.20,21
Acoustic	 neuroma	 or	 cerebellar	 hemorrhage	 should	 be	 managed
surgically.
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GENERAL	PRINCIPLES
Stroke	represents	the	leading	cause	of	functional	impairment	and	the	fourth
cause	 of	 death	 in	 the	 United	 States.1	 Each	 year,	 an	 estimated	 795,000
Americans	 experience	 a	 new	 or	 recurrent	 stroke,	 among	 which	 87%	 are
ischemic.
Approximately	4%	of	strokes	are	associated	with	carotid	artery	stenosis	of
>60%,	 the	 remainder	 being	 due	 to	 intracranial	 atherosclerosis,	 lacunar
infarct,	cardioembolic,	or	cryptogenic	source.2
Carotid	 artery	 stenosis	 can	 cause	 tubulent	 blood	 flow,	 producing	 audible
carotid	 bruits.	 Asymptomatic	 carotid	 bruits	 are	 present	 in	 4.1%	 of	 the
population	40–96	years	old.3	Auscultation	for	carotid	bruits	has	limited
utility	 for	 diagnosing	 carotid	 stenosis.	 A	 sensitivity	 of	 46–77%	 and	 a
specificity	 of	 71–98%	 have	 been	 reported.4	 Specificity	 is	 even	 lower	 for
severe	 stenosis,	 as	bruits	 disappear	with	decreased	blood	 flow.	A	positive
predictive	 value	 of	 25%	 has	 been	 reported	 in	 an	 ethnically	 diverse
population.3
While	the	presence	of	carotid	bruit	is	associated	with	a	2.6-fold	increase	in
the	 incidence	 of	 stroke/transient	 ischemic	 attack	 (TIA),	 less	 than	 half	 of
these	events	map	to	the	carotid	artery	territory	ipsilateral	to	the	bruit.5	Most
ischemic	 events	 are	 contralateral	 to	 the	 bruit,	 bilateral,	 or	 in	 the
vertibrobasilar	 territory.	Furthermore,	carotid	bruits	are	associated	with	an
almost	 twofold	 increase	 in	 myocardial	 infarction,5	 indicating	 that	 the
presence	 of	 a	 carotid	 bruit	 should	 be	 regarded	 as	 a	 predictor	 of
systemic	atherosclerosis	and	treated	accordingly.
Carotid	bruits	in	the	surgical	patient.

A	medical	consultation	for	carotid	bruits	usually	occurs	as	part	of	the
preoperative	 assessment,	 with	 the	 concern	 being	 the	 risk	 of



perioperative	stroke.
The	 incidence	of	perioperative	strokes	 in	patients	undergoing	general
surgery	with	general	anesthesia	is	very	low,	between	0.08%	and	0.7%.6
The	 perioperative	 stroke	 risk	 for	 cardiac	 and	 vascular	 surgeries	 is
higher;	 for	 some	 procedures,	 it	 is	 nearly	 10%.6	 Most	 of	 these
perioperative	 strokes	 are	 embolic	 in	 nature.	 Of	 note,	 off-pump
coronary	artery	bypass	grafting	(CABG)	operations	do	not	reduce	risk
of	stroke	compared	to	on-pump	operations.7
The	 asymptomatic	 carotid	 bruit	 does	 not	 increase	 the	 risk	 of
perioperative	 stroke.8	 Even	 in	 patients	 with	 established	 carotid
stenosis,	 most	 perioperative	 strokes	 are	 embolic	 and	 are	 bilateral	 or
contralateral	to	the	stenosis.6
A	 history	 of	 TIA	 or	 stroke	 increases	 the	 risk,	 and	 such	 patients
should	 be	 assessed	 carefully	 and	 treated	 according	 to	 guideline
recommendations.

DIAGNOSIS

Clinical	Presentation
History

Most	 carotid	 bruits	 are	 found	 in	 asymptomatic	 patients	 during	 routine	 or
preoperative	physical	exam.
Symptoms	of	previous	stroke	or	TIA	should	be	sought,	such	as	aphasia,
neglect,	 visual	 field	 deficit,	 ipsilateral	 amaurosis	 fugax,	 or	 contralateral
weakness	or	numbness.
Nonspecific	symptoms	such	as	fatigue,	dizziness,	syncope,	blurry	vision,	or
vertigo	do	not	qualify	as	symptomatic.
It	 is	 also	 important	 to	 ask	 about	 risk	 factors	 of	 artherosclerosis:
hypertension,	 hyperlipidemia,	 smoking,	 a	 family	 history	 of	 first-degree
relatives	 with	 artherosclerosis	 manifested	 before	 age	 60,	 and	 a	 family
history	of	ischemic	stroke.



Physical	Examination

The	carotid	bruit	should	be	differentiated	from	other	mimickers,	such	as	a
transmitted	heart	murmur,	a	venous	hum,	or	a	bruit	in	another	artery.
A	 bruit	 at	 the	 bifurcation	 of	 the	 common	 carotid	 artery	 is	 best	 heard	 just
below	the	angle	of	the	jaw.9
A	 bruit	 heard	 in	 the	 supraclavicular	 fossa	 may	 be	 from	 a	 subclavian	 or
vertebral	artery.
A	 thorough	 neurologic	 exam	 with	 a	 focus	 on	 deficits	 mapping	 to	 the
anterior	 circulation	 is	 important	 as	 the	 management	 of	 asymptomatic
patients	differs	from	that	of	those	with	prior	cerebrovascular	accidents.

Diagnostic	Testing
It	is	critically	important	to	ascertain	the	presence	or	absence	of	symptoms—
defined	 as	 a	 history	of	TIA	or	 stroke	 in	 the	preceeding	6	months—as	 the
management	differs	in	these	two	groups.
In	 the	asymptomatic	 population,	 recent	 guideline	 recommendations	 have
gravitated	away	from	aggressive	screening	and	treatment.

While	 a	 2011	 multisociety	 guideline	 for	 extracranial	 carotid	 artery
disease	 deemed	 it	 reasonable	 to	 perform	 duplex	 ultrasonography	 to
detect	 hemodynamically	 significant	 carotid	 stenosis	 in	 asymptomatic
patients	 with	 carotid	 bruit,10	 more	 recent	 guidelines	 recommend
against	 the	 screening	 for	 carotid	 stenosis	 in	 the	 asymptomatic
population	despite	the	presence	of	bruits.
In	 2014,	 the	 US	 Preventive	 Services	 Task	 Force	 (USPSTF)
recommended	 against	 screening	 for	 asymptomatic	 carotid
stenosis,4	 citing	 imperfect	 sensitivity	 and	 the	 potential	 of	 leading	 to
unnecessary	surgery	and	harm.
In	 the	 same	 year,	 the	 American	 Heart	 Association	 (AHA)/American
Stroke	 Association	 (ASA)	 guideline	 for	 the	 primary	 prevention	 of
stroke	 did	 not	 recommend	 screening	 low-risk	 populations	 for
asymptomatic	carotid	stenosis.11
Similar	 recommendations	 were	 also	 published	 by	 the	 Society	 for
Vascular	Surgery	and	American	Academy	of	Family	Physicians	as	part
of	the	Choosing	Wisely	initiative.

Imaging	evaluation	for	carotid	stenosis	is	strongly	indicated	in	patients



with	symptoms	of	TIA	or	stroke.
Preoperative	 screening	 for	 carotid	 stenosis	 in	 patients	 who	 are	 to
undergo	 elective	 CABG	 is	 still	 somewhat	 controversial.	 The	 AHA
guideline	indicates	it	reasonable	to	screen	high-risk	patients:	age	>65	years,
left	main	disease,	peripheral	arterial	disease,	prior	TIA/stroke,	smoking,	or
diabetes	mellitus.7	Similarly,	the	Society	of	Thoracic	Surgeons	recommends
against	 preoperative	 screening	 in	 patients	 without	 symptoms	 or	 high-risk
criteria.

Imaging

Duplex	 ultrasonography	 (B-mode	 ultrasound	 imaging	 plus	 Doppler
ultrasound)	is	the	most	commonly	used	test	for	evaluating	carotid	stenosis
and	 has	 estimated	 sensitivity	 and	 specificity	 of	 about	 85–90%.10	 It	 is
recommended	 as	 the	 first	 test	 to	 diagnose	 hemodynamically	 significant
carotid	stenosis.10
Computed	 tomographic	 angiography	 (CTA)	 and	magnetic	 resonance
angiography	(MRA)	are	also	widely	used	and	have	an	accuracy	similar	to
that	 of	 duplex	 ultrasonography.10	 They	 are	 particularly	 useful	 when
ultrasonography	 is	 not	 reliable,	 such	 as	 severe	 calcification,	 high
bifurcation,	or	short	neck.	Their	limitations	include	contrast	requirement	for
CTA	and	prolonged	acquisition	time	for	MRA.

Diagnostic	Procedures
Angiography	is	the	gold	standard	for	the	diagnosis	of	carotid	stenosis.	However,
it	carries	risk	of	stroke	of	up	to	1%.9	Due	to	its	invasive	nature,	angiography	has
essentially	been	replaced	by	the	above	diagnostic	modalities.

TREATMENT
Approaches	differ	for	symptomatic	and	asymptomatic	stenosis.

Management	of	symptomatic	carotid	stenosis
Carotid	endarterectomy	(CEA)

In	several	randomized	controlled	trials,	CEA	has	shown	benefit	in
patients	 with	 symptomatic	 (within	 preceding	 6	 months),	 severe



(>70%)	 stenosis.	CEA	 should	 be	 performed	 for	 symptomatic
patients	with	>70%	stenosis.12	The	Cochrane	Database	Review
estimates	 the	 absolute	 risk	 reduction	 (ARR)	 of	 ipsilateral
ischemic	stroke	in	these	patients	to	be	16%	with	a	number	needed
to	 treat	 (NNT)	 of	 6	 over	 5	 years.13	 Importantly,	 however,	 CEA
offers	 no	 benefit	 in	 patient	 with	 carotid	 total	 occlusion.	 The
benefit	of	CEA	tapers	rapidly	with	increasing	delay	of	surgery	>2
weeks	 from	 last	 ischemic	 event.	 These	 analyses	 assume	 a
perioperative	 rate	 of	 stroke	 or	 death	 of	 <6%;	 thus,	 if	 a	 given
surgeon’s	 complication	 rate	 is	 higher	 than	 this,	 the	 benefit	 of
surgery	will	be	lower.
In	 patients	 with	moderate	 (50–69%)	 stenosis,	 the	 benefit	 of
CEA	 is	marginal	 with	 an	 ARR	 of	 4.6%	 and	 NNT	 of	 22.	 The
expertise	 of	 the	 surgeon	 and	 coexisting	 conditions	 must	 be
carefully	considered.	CEA	should	be	considered	for	patients	more
likely	 to	 experience	 benefit:	males,	 ≥75	 years	 of	 age	 and	 those
with	 hemispheric	 symptoms	 (rather	 than	 monocular	 TIA),	 and
stroke	within	90	days.
In	 patients	 with	 mild	 (<50%)	 stenosis,	 CEA	 is	 not
recommended.
In	 symptomatic	 patients	 undergoing	 CABG,	 carotid
revascularization	 in	 conjunction	with	 CABG	 is	 reasonable.	 The
decision	to	perform	combined	or	sequential	operation,	as	well	as
the	sequence	of	intervention,	should	be	determined	by	the	relative
severity	of	cerebral	versus	myocardial	dysfunction.7

Carotid	angioplasty	and	stenting	(CAS)
Current	 data	 suggest	 CAS	 achieves	 similar	 long-term	 outcome
compared	to	CEA.
CAS	 is	 associated	with	 increased	periprocedural	 stroke	or	death
within	30	days	(8.2%	vs.	5%,	OR	1.72),	especially	in	patients	>70
years	old.14	While	the	overall	stroke	rate	is	higher	in	CAS,	it	does
not	 differ	 beyond	 the	 periprocedural	 period.	 It	 is	 reasonable	 to
consider	 CAS	 in	 younger	 patients	 as	 the	 periprocedural
complications	and	long-term	risk	for	ipsilateral	stroke	are	similar
to	CEA.
CAS	may	be	considered	in	patients	with	high	surgical	risk	due	to
comorbidities,	 radiation-induced	 stenosis,	 or	 restenosis	 after
CEA.



The	 role	 of	CAS	 in	CABG	patients	 remains	 to	 be	defined.	 It	 is
currently	reserved	for	patients	with	contraindications	for	CEA.

Medical	 therapy:	medical	management	 should	be	offered	 regardless
of	whether	 the	patient	 is	 a	 candidate	 for	CEA/CAS.	Medical	 therapy
should	 focus	 on	 modifying	 the	 well-documented	 risk	 factors	 of
smoking,	hypertension,	dyslipidemia,	and	diabetes.

Aspirin	 and	 other	 antiplatelet	 drugs	 reduce	 the	 rate	 of	 nonfatal
stroke	 by	 25%,	 nonfatal	 myocardial	 infarction	 by	 34%,	 and
vascular	 death	 by	 17%.15	 On	 the	 other	 hand,	 low-dose	 aspirin
doubles	 the	 risk	 of	 extracranial	 bleeding	 in	 these	 same	patients,
but	this	is	clearly	outweighed	by	the	benefits.

The	 recommended	 dose	 of	 aspirin	 is	 between	 75	 and	 325
mg	daily.	Higher	doses	do	not	provide	additional	benefit	and
may	be	harmful.
Extended-release	dipyridamole	 200	 mg	 bid	 alone	 reduces
the	 stroke	 rate	 and	 has	 an	 additive	 benefit	 in	 combination
with	low-dose	aspirin	(25	mg	bid).
Clopidogrel	 75	 mg	 daily	 is	 a	 reasonable	 alternative,
especially	in	patients	with	aspirin	allergy.

Anticoagulation	 provides	 no	 benefit	 over	 antiplatelet	 therapy	 in
the	absence	of	atrial	fibrillation	or	other	cardioembolic	source	and
is	associated	with	higher	risk	of	bleeding.
High-intensity	 statin	 therapy	 and	 other	 facets	 of	 cholesterol
management	should	be	provided	according	to	the	2013	American
College	of	Cardiology/American	Heart	Association	guideline.16

Management	of	asymptomatic	carotid	stenosis
Carotid	endarterectomy	(CEA)

For	asymptomatic	patients	with	>70%	stenosis,	the	benefits	of
CEA	are	significantly	less	substantial	and	are	dependent	on	a	low
perioperative	 stroke	 rate,	 <3%	 (a	 rate	 not	 always	 achieved	 in
routine	clinical	practice).	Benefits	may	be	greater	in	younger	(age
<80	 years)	 men.	 Subgroup	 analysis	 suggests	 that	 CEA	 is
considerably	 less	 effective	 for	 asymptomatic	 women	 than	 for
asymptomatic	 men,	 reflecting	 a	 higher	 perioperative	 risk	 and
lower	 risk	of	vascular	 events	 among	women	with	 asymptomatic
carotid	stenosis.	Of	note,	these	studies	were	done	in	an	earlier	era;
recent	advances	in	medical	treatment	may	have	further	decreased
the	 benefit	 margin	 of	 revascularization.	 Decisions	 must	 be
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carefully	individualized.
CEA	 is	 not	 indicated	 for	 asymptomatic	 patients	 with	 <60%
stenosis	and	may	be	harmful.

Carotid	 angioplasty	 and	 stenting	 appears	 to	 provide	 similar	 long-
term	 outcome	 but	 higher	 periprocedural	 stroke	 or	 death	 rate.	 Its
efficacy	compared	to	medical	therapy	remains	to	be	defined.
Carotid	revascularization	may	be	considered	in	asymptomatic	patients
scheduled	 to	 undergo	 CABG	 who	 have	 bilateral	 stenoses	 >70%	 or
unilateral	stenosis	>70%	with	contralateral	occlusion.7
Carotid	 revascularization	 prior	 to	 elective	 noncardiac	 surgery	 in
asymptomatic	 patients	 is	 generally	 not	 recommended	 but	 may	 be
indicated	in	selected	patients	with	severe	and/or	bilateral	stenosis.
Medical	 management	 is	 similar	 to	 that	 for	 symptomatic	 carotid
stenosis.
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GENERAL	PRINCIPLES
Anemia	 is	 frequently	 seen	 in	 hospitalized	 patients	 both	 as	 a	 primary
diagnosis	and	as	a	comorbidity.
Anemia	is	roughly	defined	as	a	hemoglobin	(Hgb)	concentration	<13.5	g/dL
in	men	or	<12.0	g/dL	in	women.	Normal	values	may	be	different	 in	older
individuals	and	different	races.1
Anemia	can	be	classified	in	two	general	ways:

First,	anemia	can	be	categorized	by	the	underlying	cause.	These	causes
of	anemia	can	be	divided	into	three	broad	categories:

Blood	loss
Increased	destruction	of	 red	blood	cells	 (RBCs)	 (e.g.,	hemolytic
anemia)
Decreased	production	of	RBCs	(hypoproliferative	anemia)

The	second	way	categorizes	anemia	morphologically;	anemia	may	also
be	classified	by	RBC	size	(mean	corpuscular	volume	[MCV]):

Microcytic
Normocytic
Macrocytic

Microcytic	 anemia:	 Anemia	 is	 considered	microcytic	 when	 the	MCV	 is
<80	fL.	See	Table	33-1	for	the	differential	diagnosis	of	microcytic	anemia
based	on	laboratory	data.

Iron	(Fe)	deficiency	is	 the	most	common	cause	of	microcytic	anemia
in	adults;	 it	 is	usually	due	to	chronic	blood	loss	(e.g.,	gastric	ulcer	or
menorrhagia)	 but	 may	 also	 be	 due	 to	 malabsorption	 or	 excessive
phlebotomy.2
Sideroblastic	 anemia	 may	 be	 hereditary;	 idiopathic;	 or	 caused	 by
alcohol,	 lead	 (microcytic	 hypochromic	 anemia),	 isoniazid,



chloramphenicol,	 malignancy,	 myelodysplasia,	 or	 chronic
inflammation.3
Anemia	of	 chronic	disease	 (or	 inflammation)	 is	 commonly	 seen	 as	 a
result	 of	 abnormal	 ferrokinetics	 and	 may	 often	 be	 a	 diagnosis	 of
exclusion.
Thalassemias	 present	 with	 varying	 degrees	 of	 anemia.	 Patients	 may
present	 with	 splenomegaly	 and	 peripheral	 smears	 with	 varying
hypochromia,	 target	 cells,	 or	 teardrop	 cells.	 Diagnosis	 may	 require
Hgb	 electrophoresis	 or	 chromatography	 (see	 next	 section,
“Diagnosis”).

Normocytic	anemias	(MCV	between	80	and	100	mL)	can	be	divided	into
two	groups,	based	on	 the	reticulocyte	count	 to	make	differential	diagnosis
more	straightforward.

Increased	 reticulocyte	 count:	 bleeding	 or	 hemolytic	 anemia	 (see
Table	33-2	for	the	differential	diagnosis	of	hemolytic	anemia).
Decreased	reticulocyte	count:	hypoproliferative	disorder.
Anemia	 of	 chronic	 renal	 failure	 generally	 starts	 to	 occur	 when
creatine	 clearance	 is	 <45	mL/min	 and	worsens	with	 increasing	 renal
failure.	Classically,	this	is	a	hypochromic	normocytic	anemia	owing	to
decreased	 renal	 erythropoietin	 production,	 but	 the	 causes	 are
multifactorial,	and	comorbid	conditions	cause	varying	presentations.4

Macrocytic	anemias	are	classified	by	an	MCV	>	100	mL	and	are	divided
into	megaloblastic	or	nonmegaloblastic	types	based	on	the	peripheral	smear.

Megaloblastic	anemia	may	be	caused	by	the	following:
Vitamin	B12	deficiency
Folate	deficiency
Drug-induced	 (e.g.,	 phenytoin,	 hydroxyurea,	 trimethoprim–
sulfamethoxazole,	azidothymidine,	methotrexate)

Nonmegaloblastic	macrocytic	anemia	may	be	caused	by	the	following:
Reticulocytosis
Alcohol
Liver	disease
Hypothyroidism
Various	 bone	 marrow	 disorders	 that	 interfere	 with	 RBC
maturation	(e.g.,	acute	leukemia	or	myelodysplastic	syndrome)

TABLE	 33-1	 DIFFERENTIAL	 DIAGNOSIS	 FOR	 MICROCYTIC



ANEMIA

↑,	increased;	↓,	decreased;	RBC,	red	blood	cell.

TABLE	 33-2	 DIFFERENTIAL	 DIAGNOSIS	 OF	 HEMOLYTIC
ANEMIA



DIC,	 disseminated	 intravascular	 coagulation;	 G-6-PD,	 glucose-6-phosphate	 dehydrogenase;	 HTN,
hypertension;	HUS,	hemolytic–uremic	syndrome;	RBC,	red	blood	cell;	TTP,	thrombotic	thrombocytopenic
purpura.

DIAGNOSIS

Clinical	Presentation
History

General	 symptoms	 of	 anemia	 may	 include	 dyspnea,	 fatigue,	 and
palpitations.
Weight	 loss,	 night	 sweats,	 and	 fever	 may	 point	 to	 an	 underlying
malignancy,	infection,	or	inflammatory	disorder.
Vitamin	 B12	 deficiency	 may	 present	 with	 other	 symptoms	 including	 a
burning	sensation	of	the	tongue,	vague	abdominal	pain,	diarrhea,	numbness,
or	paresthesias.
Bone	 pain	may	 owe	 to	marrow	 infiltrating	 diseases	 or	 occlusive	 crisis	 in
sickle	cell	disease.



A	careful	history	concerning	blood	loss	(especially	perioperatively	or	in	the
stool	or	menses)	is	important.	Blood	loss	may	be	subacute	and	noted	only
by	 occasionally	 dark	 or	 tarry	 stool	 or	 heavy	 menses	 and	 not	 obvious
bleeding.
Frequency	of	hemaglobin	and	hematocrit	evaluations	and	family	history	of
anemia	should	be	sought.
Past	 medical	 history	 should	 be	 reviewed	 in	 detail	 for	 diseases	 known	 to
cause	or	contribute	to	anemia	(e.g.,	renal	failure,	autoimmune	disease).
Dark	 urine	 may	 be	 due	 to	 indirect	 bilirubin	 in	 the	 urine	 and	 point	 to	 a
hemolytic	anemia.
Early	 cholecystectomy	 in	 a	 family	 member	 may	 be	 a	 clue	 to	 familial
hemolytic	anemia.
A	 good	 dietary	 history	 should	 be	 obtained,	 including	 iron	 intake,	 B12
(deficient	in	vegans),	and	folate	(from	uncooked	leafy	vegetables),	as	well
as	pica	symptoms	(seen	in	iron	deficiency).

Physical	Examination

Anemia	may	result	in	pallor	of	mucous	membranes	or	the	skin,	tachycardia,
or	signs	of	high-output	heart	failure.
In	 iron	 deficiency,	 alopecia,	 atrophic	 glossitis,	 angular	 cheilosis,
koilonychia	(spoon	nails),	or	brittle	nails	may	be	seen.
Vitamin	 B12-deficient	 patients	 may	 have	 glossitis/smooth	 tongue,	 dorsal
column	 findings	 (decreased	 vibratory	 sensation	 and	 proprioception),	 or
corticospinal	tract	findings.
Assess	 for	 jaundice	 or	 splenomegaly,	 which	 are	 sometimes	 present	 in
hemolytic	anemias.
Lymph	nodes	may	be	enlarged	in	hematologic	malignancies.
Evidence	of	infection,	acute	or	occult,	should	be	investigated.
All	patients	need	a	stool	occult	blood	test	to	look	for	GI	blood	loss.

Diagnostic	Testing
Laboratories

Review	the	full	complete	blood	count	(CBC).	The	presence	of	 leukopenia
or	 thrombocytopenia	 should	 raise	 suspicion	 for	 bone	 marrow	 failure,



infiltration,	or	severe	nutritional	deficiency.
The	 peripheral	 smear	 is	 an	 important	 test	 to	 obtain.	 Some	 pertinent
findings	include	the	following:

Target	 cells	 in	 iron	 deficiency,	 hemoglobinopathies,	 liver	 disease,
asplenia,	and	lecithin–cholesterol	acyltransferase	deficiency.
Megaloblastic	 changes	 in	 macrocytic	 anemia	 include
hypersegmentation	of	neutrophils,	 anisocytosis,	 large	ovalocytes,	 and
often	pancytopenia.
Hemolysis	is	suggested	by	acanthocytes,	spherocytes,	or	reticulocytes.
Evidence	 of	malignant	 blood	 cells,	 blast	 cells,	 sickled	 cells,	 or	 other
diagnostic	abnormalities.

RBC	indices	should	be	noted	to	aid	in	the	diagnosis.	They	can	be	helpful
when	 more	 than	 one	 cause	 of	 anemia	 is	 present.	 The	 following	 indices
should	be	noted:

MCV	values	>115	are	almost	always	owing	 to	vitamin	B12	 or	 folate
deficiency,	but	 can	 result	 from	 the	presence	of	 a	 cold	 agglutinin	 that
causes	RBCs	to	stick	together	and	thus	appear	larger.
Low	 mean	 corpuscular	 hemoglobin	 (MCH)	 is	 seen	 in	 iron
deficiency	while	high	levels	occur	in	any	form	of	macrocytosis.5
Mean	 corpuscular	 hemoglobin	 concentration	 can	 be	 elevated	 in
spherocytosis	and	congenital	hemolytic	anemias.

The	reticulocyte	count	(normal	0.5–1.5%)	should	be	corrected	for	anemia,
using	the	following	formula:

Corrected	 reticulocyte	 count	 =	 uncorrected	 reticulocyte	 count	 ×
(patient’s	Hct/45)
A	 stable	 anemia	 with	 a	 low	 reticulocyte	 count	 is	 evidence	 of	 poor
marrow	 RBC	 production.	 Renal	 failure,	 hypothyroidism,	 adrenal
insufficiency,	or	gonadal	insufficiency	are	causes	to	consider.
A	high	reticulocyte	count	may	reflect	a	normal	response	to	bleeding
or	hemolysis.

Macrocytic	anemia	should	first	be	evaluated	by	determining	whether	it	is
megaloblastic	or	nonmegaloblastic	based	on	the	peripheral	smear.

Megaloblastic	anemia
Measure	RBC	folate	and	serum	vitamin	B12.
In	 cases	of	borderline	 low	vitamin	B12	 values,	one	can	measure
serum	 methylmalonic	 acid	 and	 homocysteine	 levels,	 which	 are
both	 elevated	 in	 vitamin	 B12	 deficiency.	 Only	 homocysteine	 is
elevated	in	folate	deficiency.



When	 vitamin	B12	 and	 folate	 deficiency	 are	 excluded,	 consider
one	of	the	drug-induced	causes	(see	the	description	of	macrocytic
anemias	in	the	“Etiology”	section	above).

In	nonmegaloblastic	anemia,	first	measure	the	reticulocyte	count.
If	 it	 is	 elevated,	 it	most	 likely	has	 a	hemolytic	 cause	 (see	Table
33-2).
If	 the	 reticulocyte	 count	 is	 inappropriately	 low,	 consider	 one	 of
the	other	causes	of	nonmegaloblastic	macrocytic	anemia	(see	the
description	 of	 macrocytic	 anemias	 in	 the	 “Etiology”	 section
above).

Iron	deficiency	anemia
Obtaining	a	serum	ferritin	is	the	most	cost-effective	way	to	diagnose
iron	deficiency.	A	ferritin	of	<15	ng/mL	almost	always	 indicates	 iron
deficiency.	 A	 serum	 ferritin	 level	 >200	 ng/mL	 generally	 indicates
adequate	iron	stores	regardless	of	other	underlying	conditions.
Because	ferritin	is	an	acute	phase	reactant,	intermediate	levels	can	be
more	 challenging	 to	 interpret,	 as	 normal	 levels	 may	 be	 seen	 in
inflammatory	states,	renal	disease,	liver	disease,	or	malignancy	despite
low	iron	stores.
In	 these	 settings,	 serum	 iron,	 total	 iron	 binding	 capacity,	 and
transferrin-saturation	 iron	may	be	helpful	 additional	 labs.	Transferrin
saturation	 <20%	 is	 usually	 indicative	 of	 absolute	 iron	 deficiency	 in
end-stage	renal	disease,	even	if	the	ferritin	is	within	the	normal	range.
Ongoing	research	seeks	to	define	more	sensitive	and	specific	tests	for
iron	deficiency	in	chronic	kidney	disease.

Thalassemia	may	be	diagnosed	by	hemoglobin	electrophoresis.
α-Thalassemia	trait,	the	most	commonly	diagnosed	thalassemia,	will
have	 a	 normal	 Hgb	 electrophoresis	 but	 an	MCV	 that	 is	 low,	 out	 of
proportion	to	the	anemia,	and	a	chronically	low	hematocrit	on	review
of	previous	lab	data.
β-Thalassemia	 trait	 is	 associated	 with	 mild	 microcytic	 anemia	 and
increased	Hgb	A2.

In	 hemolytic	 anemias,	 one	 often	 sees	 signs	 of	 increased	 RBC
destruction.	 Laboratory	 information	 may	 show	 increased	 lactate
dehydrogenase	 (LDH),	 decreased	 haptoglobin,	 increased	 unconjugated
bilirubin,	 or	 hemoglobinuria	 (in	 intravascular	 hemolysis	 or	 severe
extravascular	 hemolysis).	 Reticulocytosis	 should	 also	 be	 seen	 in	 patients
without	 other	 underlying	 medical	 problems.	 If	 there	 is	 evidence	 of



hemolysis,	evaluation	with	an	indirect	and	direct	Coombs	test	is	indicated.
The	direct	Coombs	test	will	be	positive	in	autoimmune	hemolytic	anemias,
detecting	IgG	and	C3	antibodies.	A	false-negative	direct	Coombs	test	may
occur	with	IgM-mediated	or	cold-agglutinin	hemolysis.

Diagnostic	Procedures
Consider	a	bone	marrow	evaluation	in	difficult	cases.

Special	Considerations	in	Postoperative	Anemia

Postoperative	 bleeding	 at	 the	 site	 of	 the	 surgery	 should	 always	 be
considered.	 Expected	 bleeding	 may	 have	 occurred	 intraoperatively	 with
delayed	hemodilution	or	in	the	perioperative/postoperative	period	owing	to
injury	or	poor	hemostasis.
Other	considerations	include	the	following:

Patients	who	experience	hypothermia	or	cold	cardioplegia	with	cardiac
surgery	 may	 have	 a	 shortened	 RBC	 life	 span	 owing	 to	 membrane
damage.	 RBCs	 recovered	 with	 autologous	 blood	 recovery	 systems
(e.g.,	 the	 Cell	 Saver)	 also	 experience	 significant	 membrane	 damage
and	early	hemolysis.
Patients	 with	 valvular	 surgery	 may	 have	 a	 valve-induced	 hemolytic
anemia.	Also	consider	evaluation	of	 the	mooring,	which,	 if	 loosened,
can	cause	significant	hemolysis.
Bone	 marrow	 suppression,	 iron	 sequestration,	 and	 decreased
erythropoietin	production	may	occur	owing	to	 inflammatory	cytokine
production	 after	 surgery	 and	 may	 continue	 for	 a	 week	 or	 more
postoperatively.6
Perioperative	hemodilution	owing	to	aggressive	intravenous	hydration
is	common.	Review	the	ins	and	outs	and	anesthesiology	flow	sheets.
Consider	 drug-induced	 hemolysis	 and	 glucose-6-phosphate
dehydrogenase	deficiency	caused	by	anesthetics	or	pain	medications.
Stress	 gastritis	 is	 common	 perioperatively	 and	 can	 be	 the	 source	 of
significant	 blood	 loss.	 This	 is	 easier	 to	 prevent	 (with	 prophylactic
histamine-2	[H2]	blockers,	proton	pump	inhibitors,	or	sucralfate)	than
it	is	to	treat.



TREATMENT
Treatment	 will	 be	 discussed	 according	 to	 etiology	 of	 anemia.	 First,	 however,
transfusion	will	be	discussed.

The	goal	of	transfusion	is	 to	improve	tissue	oxygen	delivery,	not	solely	to
increase	serum	Hgb.
Current	recommendations	do	not	recommend	routine	transfusion	in	patients
with	Hgb	 concentration	<7.0	 g/dL	 unless	 there	 is	 concern	 for	 ongoing	 or
expected	bleeding	(e.g.,	surgery).7
There	is	ongoing	debate	regarding	blood	transfusion	for	patients	with	acute
medical	problems	caused	by	poor	oxygen	delivery	 (e.g.,	 active	 cardiac	or
cerebral	infarction).	In	this	population,	goal	Hgb	concentration	ranges	from
8	to	10	g/dL	depending	on	the	literature.
Massive	 transfusion	of	RBCs	 (>4	units)	 also	 requires	 transfusion	of	other
blood	 products	 (e.g.,	 platelets	 and	 clotting	 factors)	 to	 prevent	 dilution,
which	could	exacerbate	bleeding.
Blood	 transfusions	 are	 not	 without	 drawbacks.	 Common	 complications
from	blood	transfusion	are	volume	overload,	transfusion-related	acute	lung
injury	 (TRALI),	 and	 infection.	Routine	 transfusion	 to	Hgb	>	10	g/dL	has
been	associated	with	increased	mortality.7	Transfusions	must	be	approached
with	caution	in	 individuals	with	acquired	hemolytic	anemias	or	symptoms
of	heart	failure	as	transfusions	could	negatively	impact	these	patients.

Iron	Deficiency	Anemia
Discover	 and	 treat	 the	 underlying	 source	 of	 blood	 loss.	 Ferrous	 sulfate
(FeSO4),	 325	mg	PO	bid	 to	 tid,	may	 be	 initiated.	 Parenteral	 iron	may	 be
administered	 in	 cases	 of	 intolerance	 or	 failure	 to	 take	 PO	 iron,
malabsorption,	 or	 severe	 renal	 failure.2	 The	 risk	 of	 anaphylaxis	 is
significant	with	iron	dextran;	a	test	dose	must	be	administered.	The	risk	is
much	 lower	 with	 newer	 preparations	 (e.g.,	 ferric	 gluconate	 and	 iron
sucrose).
Expect	an	increase	in	the	reticulocyte	count	within	7	to	10	days	of	therapy.
Correction	 of	 anemia	 usually	 occurs	 within	 6	 to	 8	 weeks,	 but	 treatment
should	continue	for	~6	months	(if	the	patient	is	on	oral	iron)	to	fully	restore
tissue	iron	stores.



Men	and	nonmenstruating	women	 should	 be	 considered	 for	 endoscopy	 to
evaluate	for	a	potential	gastrointestinal	source	of	chronic	blood	loss.

Vitamin	B12	Deficiency
Vitamin	B12	deficiency	should	be	treated	with	vitamin	B12,	1	mg	IM	daily
for	7	days,	and	then	weekly	for	1	to	2	months,	followed	by	monthly	doses
thereafter.
High-dose	 oral	 vitamin	 B12	 (1–2	mg/d)	 can	 also	 provide	 sufficient	 long-
term	replacement.8
An	evaluation	for	the	underlying	mechanism	should	be	undertaken.	Failure
to	 correct	 or	 identify	 the	 underlying	 cause	 of	 deficiency	 should	 result	 in
lifelong	therapy.

Folate	Deficiency
Folate	deficiency	should	be	treated	with	folic	acid	1	mg	PO	daily,	with	expected
resolution	of	hematologic	abnormalities	within	2	months.

Chronic	Renal	Failure
Anemia	of	chronic	renal	failure	may	respond	to	erythropoietin,	50	to	100	U/kg
IV	 SC	 three	 times	 a	 week	 in	 dialysis	 patients	 and	 weekly	 for	 those	 not	 on
dialysis.	Darbepoetin	 is	 dosed	 at	 0.45	mcg/kg	 SC	 once	 a	week.	Doses	 can	 be
adjusted	when	 the	Hgb	 is	 in	 target	 range	 (11–12	g/dL).9	 Ensure	 adequate	 iron
stores	and	transfuse	only	as	needed	(see	the	discussion	on	transfusion	above).

Other	Medical	Conditions
A	thorough	evaluation	of	anemia	may	result	in	other	diagnoses	discussed	above.
Treatment	 of	 anemia	 owing	 to	 these	 conditions	 are	 focused	 on	 treating	 the
underlying	cause	and/or	close	monitoring	in	stable	chronic	anemia.	For	example,
causative	 medications	 should	 be	 reduced	 or	 stopped,	 and	 hypothyroidism	 or
rheumatoid	arthritis	should	be	treated	if	appropriate.
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GENERAL	PRINCIPLES
The	normal	platelet	number	is	150,000–450,000/μL	of	blood.	At	any	given
time,	 approximately	 one-third	 of	 mature	 platelets	 are	 sequestered	 in	 the
spleen,	 whereas	 two-thirds	 circulate	 in	 blood.	 The	 lifespan	 of	 circulating
platelets	is	7–10	days.
In	general,	thrombocytopenia	is	caused	by	decreased	production,	increased
splenic	sequestration,	or	increased	destruction	of	platelets.
Additionally,	certain	infectious	diseases	result	in	thrombocytopenia	from	a
combination	 of	 the	 previously	 mentioned	 mechanisms	 or	 due	 to
mechanisms	that	are	not	fully	understood.
See	Table	34-11	for	the	differential	diagnosis	of	thrombocytopenia.

TABLE	34-1	ETIOLOGIES	OF	THROMBOCYTOPENIA



IABP,	 intra-aortic	 balloon	 pump;	 LVAD,	 left	 ventricular	 assist	 device;	 CVVHD,	 continuous	 venovenous
hemodialysis;	HIV,	human	immunodeficiency	virus;	HHV-6,	human	herpesvirus	6;	CMV,	cytomegalovirus;
EBV,	Epstein-Barr	virus.
From	Sanfilippo	KM,	Gage	BF,	Wang	T-F,	Yusen	RD.	Disorders	of	Hemostasis	and	Thrombosis.	In:	Bhat
P,	 Dretler	 A,	 Gdowksi	 M,	 et	 al.,	 eds.	 The	 Washington	 Manual	 of	 Medical	 Therapeutics.	 35th	 ed.
Philadelphia:	Wolters	Kluwer,	2016.

DIAGNOSIS

Clinical	Presentation



History
Symptoms	of	low	platelets	vary	depending	on	the	platelet	count.

Platelets	>100,000/μL	should	have	normal	hemostasis.
Platelets	<50,000/μL	may	stem	from	a	history	of	prolonged	bleeding	after	a
procedure,	 mucosal	 bleeding	 (gingival,	 gastrointestinal),	 menorrhagia,	 or
easy	bruising.
Platelets	 <20,000/μL	 may	 be	 associated	 with	 a	 petechial	 rash	 or
spontaneous	bleeding.
Platelets	 <10,000/μL	 indicate	 a	 risk	 for	 spontaneous	 intracerebral
hemorrhage.
These	 numbers	 serve	 as	 guides;	 however,	 the	 etiology,	 the	 presence	 of
mucosal	 bleeding	 on	 presentation,	 and	 a	 history	 of	 bleeding	 at	 a	 given
platelet	 count	 contribute	 more	 to	 the	 risk	 of	 hemorrhage	 than	 does	 the
absolute	count	itself.
In	addition,	look	for	symptoms	and	risk	factors	associated	with	etiologies	of
decreased	platelets	(Tables	34-11	and	34-22).

Fatigue,	weight	loss,	or	night	sweats	may	be	associated	with	infection
or	malignancy.
A	 medication	 history	 and	 an	 accurate	 alcohol	 history	 are	 critical.2
Identification	 of	 heparin	 or	 heparin-derivative	 usage	 especially	 in
those	 who	 are	 currently	 or	 recently	 hospitalized	 is	 important,	 as	 a
diagnosis	 of	 heparin-induced	 thrombocytopenia	 (HIT)	 greatly	 alters
management.	HIT	 occurs	 after	 antibodies	 form	 and	 bind	 to	 heparin–
platelet	 factor	 4	 (heparin–PF4).	 These	 antibody–heparin–PF4
complexes	 bind	 to	 platelets,	 leading	 to	 both	 platelet	 removal	 and
procoagulant	 release	 and	 thus	 thrombocytopenia	 and	 a
hypercoagulable	state.	Establishing	the	diagnosis	of	HIT	requires	both
clinical	 and	 laboratory	 features,	 but	 a	 clinical	 score	 known	 as	 the
“4Ts”	 helps	 guide	 one’s	 pretest	 suspicion	 and	 testing,	 as	 detailed	 in
Table	34-3.3
Other	offending	agents	include	certain	antibiotics	such	as	vancomycin,
linezolid,	 and	 sulfonamides,	 as	 well	 as	 anticonvulsants	 such	 as
phenytoin	 and	 valproic	 acid.	 Also,	 platelet	 inhibitors,	 namely
clopidogrel	and	glycoprotein	IIb/IIIa	inhibitors	(e.g.,	abciximab),	have
been	reported	to	cause	thrombocytopenia.
Travel	and	outdoor	exposure	may	hint	at	tick-borne	or	other	infectious
illnesses,	which	will	help	guide	further	diagnostic	testing.



Try	to	elicit	a	history	of	symptoms	suggesting	an	autoimmune	disease.
The	classic	pentad	of	 thrombotic	 thrombocytopenic	purpura	 (TTP)	 is
fever,	 altered	 sensorium,	 renal	 failure,	 microangiopathic	 hemolytic
anemia,	 and	 thrombocytopenia.	Only	 rarely	 are	 all	 elements	 present.
TTP	is	similarly	related	to	hemolytic–uremic	syndrome	(HUS).4
Obtain	a	transfusion	history.	Posttransfusion	purpura	(PTP)	is	a	rare
disorder	 caused	 by	 the	 formation	 of	 alloantibodies	 against	 platelet
surface	 antigens,	 most	 commonly	 human	 platelet	 antigen	 (HPA)-1a.
Consider	this	in	the	postsurgical	patient	who	has	a	precipitous	drop	in
platelets	7–10	days	after	platelet	transfusions.

TABLE	34-2	MEDICATIONS	COMMONLY	ASSOCIATED	WITH
THROMBOCYTOPENIA

Data	from	Aster	R,	Bougie	D.	Drug-induced	immune	thrombocytopenia.	N	Engl	J	Med	2007;357:580–7.

TABLE	 34-3	 FOUR	 TS	 OF	 HEPARIN-INDUCED
THROMBOCYTOPENIA



0–3	points,	Low	probability;	4–5	points,	Intermediate	probability;	6–8	points,	High	probability.
From	Lo	GK,	Juhl	D,	Warkentin	TE,	et	al.	Evaluation	of	pretest	clinical	score	(4	T’s)	for	the	diagnosis	of
heparin-induced	thrombocytopenia	in	two	clinical	settings.	J	Thromb	Haemost	2006;4:759.

Physical	Examination
Examination	should	focus	on	signs	and	pattern	of	bleeding	as	well	as	signs	of	the
underlying	etiology.

Thrombocytopenia	tends	to	result	in	mucosal	hemorrhage,	petechiae	and/or
small	 superficial	 ecchymoses,	 and	 it	 is	 rare	 for	 hemarthroses	 or	 muscle
hematomas	 to	 occur,	 as	 compared	 to	 coagulopathies	 in	which	 deep	 tissue
bleeding	is	more	likely	to	result.



Vital	signs	may	reveal	evidence	of	sepsis	(hypotension,	tachycardia,	fever),
although	fever	is	also	frequently	present	in	TTP.
A	 thorough	 lymph	 node	 examination	 is	 essential	 to	 assess	 for	 underlying
malignancy,	infection,	or	autoimmune	condition	and	can	help	guide	further
diagnostics.
Assessment	for	hepatosplenomegaly	and	stigmata	of	cirrhosis	may	suggest
splenic	sequestration	from	underlying	liver	disease	and	portal	hypertension,
or	an	infiltrative	process	within	the	reticuloendothelial	system.
Signs	of	superificial	and	deep	thromboses	raise	the	concern	of	a	thrombotic
thrombocytopenic	disorder	 such	as	disseminated	 intravascular	 coagulation
(DIC),	HIT,	or	TTP	and	may	drastically	alter	management.

Diagnostic	Testing
Laboratories

Complete	 blood	 count	 with	 differential:	 assess	 for	 isolated
thrombocytopenia	or	multiple	cytopenias.
Obtain	a	peripheral	blood	smear.

Look	 for	 platelet	 clumping	 (spurious
thrombocytopenia/pseudothrombocytopenia)	 in	 which	 platelet
numbers	 are	 normal	 but	 clumped	 by	 the	 EDTA	 and	 missed	 by	 the
automated	counter.	Use	collection	tubes	that	lack	EDTA	(e.g.,	citrate-
coated	tube).
Look	for	schistocytes	(TTP,	DIC).
Look	 for	 evidence	 of	 malignancy	 or	 myelofibrosis:	 these	 include
peripheral	 blasts,	 teardrop	 cells,	 nucleated	 RBCs,	 immature
granulocytes.
Look	 for	 micro-	 or	 macrocytosis,	 which	 may	 be	 associated	 with	 a
vitamin	or	iron	deficiency:	one	may	see	hypersegmented	neutrophils	in
vitamin	B12/folate/copper	deficiency.

Bleeding	 time	 (BT)	 is	 an	 estimate	 of	 platelet	 function	 (normal	 is	 2–9
minutes).

>100,000	platelets,	the	BT	is	generally	normal.
50,000–100,000	platelets,	the	BT	is	mildly	prolonged.
<50,000	platelets,	the	BT	is	significantly	prolonged.
In	general,	BT	 is	not	usually	 tested	 as	 it	 provides	 little	 diagnostic	or



prognostic	information
Evaluating	 prothrombin	 time/partial	 thromboplastin	 time	 (PT/PTT)	 and
fibrin	 degradation	 products/D-dimer	 may	 help	 identify	 DIC	 and
distinguish	a	hemolytic	anemia	from	TTP.
TTP	and	HUS	may	present	with	hemolytic	anemia	(decreasing	hemoglobin
[Hgb]	and	hematocrit	[Hct],	elevated	lactate	dehydrogenase	[LDH])	and
renal	failure).
Human	 immunodeficiency	 virus	 (HIV)	 and	 Hepatitis	 C	 virus	 (HCV)
screening	should	occur	in	any	patient	with	new	thrombocytopenia.5
Consider	 checking	 an	 antinuclear	 antibody	 (ANA),	 as	 immune
thrombocytopenic	purpura	(ITP)	may	be	the	first	manifestation	of	systemic
lupus	erythematosus	(SLE).
A	 severely	 decreased	 ferritin,	 folate,	 or	 vitamin	 B12	 level	 suggests
nutritional	deficiency.
If	HIT	is	a	consideration	based	on	intermediate	or	high	pretest	probability
from	the	4Ts	(Table	34-3),3	testing	begins	with	ELISA	for	the	heparin–PF4
antibody,	and	the	diagnosis	is	confirmed	with	the	serotonin-release	assay.

Diagnostic	Procedures

Consider	a	bone	marrow	biopsy	if	the	etiology	is	uncertain	or	to	rule	out
marrow	failure	or	infiltration.
When	other	causes	are	ruled	out,	then	ITP	is	the	most	likely	diagnosis.

TREATMENT
Etiology-specific	 treatment	 will	 be	 discussed	 below;	 however,	 platelet
transfusions	in	general	will	be	discussed	first.

Platelet	transfusions	may	be	prophylactic	or	therapeutic.
Current	 evidence	 supports	 prophylactic	 platelet	 transfusion	when	 the
platelet	count	is	<10,000/μL.
The	evidence	also	supports	therapeutic	transfusions	to	treat	or	prevent
bleeding	 in	 trauma	 or	 procedures	 at	 a	 level	 of	 <100,000/μL	 for
neurosurgical	 issues	and	50,000–100,000/μL	for	major	nonneuroaxial
surgeries	and	with	lumbar	punctures.



A	 level	 of	 <20,000	 warrants	 transfusion	 prior	 to	 central	 line
insertions.6

As	previously	mentioned,	the	etiology	also	holds	significant	implications	in
relation	to	platelet	transfusion.

For	example,	platelet	transfusion	is	generally	not	indicated	in	cases	of
immune	 thrombocytopenia	 (e.g.,	 ITP	 and	 PTP)	 and	 thrombotic
microangiopathies	 (e.g.,	 TTP/HUS,	 or	 the	 combination	 of	 hemolytic
anemia,	 elevated	 liver	 enzymes,	 and	 low	 platelet	 count	 [HELLP
syndrome]),	 as	 these	 conditions	 are	 often	 less	 prone	 to	 bleeding	 and
also	consumptive	of	platelets.
However,	 in	 cases	 of	 spontaneous	 life-threatening	 bleeding,	 platelet
transfusion	is	appropriate.

Platelets	 generally	 come	 as	 single-donor	 units	 but	 may	 come	 as	 pooled
random-donor	 units.	A	 single-donor	 (apheresis)	 unit	 is	 equal	 to	 about	 six
random-donor	units	and	should	increase	the	platelet	count	by	about	30,000/
μL.
In	 general,	 ABO,	 Rh,	 and	 human	 leukocyte	 antigen	 (HLA)	 matching	 is
unneccessary	with	platelet	 transfusions,	but	may	be	considered	 in	patients
refractory	 to	 transfusions,	 which	 is	 defined	 as	 an	 increase	 of	 <10,000	 in
platelet	count	on	more	than	one	occasion	within	an	hour	of	transfusion.	In
sequestration-	or	destruction-mediated	thrombocytopenia,	the	platelets	may
not	 last	 long,	 and	 administration	 shortly	 before	 procedures	 is	 warranted.
Otherwise,	repeated	checks	of	platelet	counts	can	be	done	on	a	daily	basis.
Avoid	 medications	 with	 anticoagulant	 or	 antiplatelet	 effects,	 such	 as
nonsteroidal	anti-inflammatory	drugs	(NSAIDs)	if	possible
Treatment	of	specific	causes	of	thrombocytopenia	includes	the	following:

TTP:	Plasmapheresis	 is	 the	 initial	 therapy	 for	TTP	 and	 should	 be
initiated	promptly.
Drug-induced	 thrombocytopenia:	 A	 diagnosis	 of	 drug-induced
thrombocytopenia	 should	 prompt	 withdrawal	 of	 medication
(resolution	 of	 thrombocytopenia	 postwithdrawal	 also	 confirms
diagnosis).
Heparin-Induced	 Thrombocytopenia:	 If	 HIT	 is	 suspected,	 all
heparin	 products	 (including	 flushes	 and	 low	 molecular	 weight
heparins)	should	be	discontinued.	Even	in	the	absence	of	thrombosis,
treatment	 with	 argatroban,	 aepirudin,	 or	 danaparoid	 followed	 by
warfarin	is	indicated,	unless	there	is	a	strong	contraindication,	such	as
high	risk	of	bleeding.7



1.

Posttransfusion	purpura	may	be	treated	with	IV	immunoglobulin.
Most	 cases	 of	 ITP	 can	 be	 controlled	 with	 glucocorticoids.	 Initial
dosage	 is	 prednisone	 1	 mg/kg/d	 and	 slowly	 tapered.	 If	 steroids	 are
contraindicated,	IV	immunoglobulin	or	anti-D	can	be	used	instead.
Refractory	 and	 chronic	 cases	 may	 require	 splenectomy	 or
immunosuppressive	therapy	with	the	anti-CD-20	agent,	rituximab.
Thrombopoetin	 recepter	 agonists	 are	 used	 if	 splenectomy	 is
contraindicated	or	ITP	relapses	after	surgery.5
In	 cases	 of	 infection,	 malignancy,	 liver	 disease,	 or	 autoimmune
disease,	 treatment	 involves	 supportive	 care	 and	 treatment	 of
underlying	disorder.
Common	 etiologies	 of	 thrombocytopenia	 and	 their	 management	 are
listed	in	Table	34-4.

TABLE	 34-4	 COMMON	 ETIOLOGIES	 OF
THROMBOCYTOPENIA	AND	THEIR	MANAGEMENT
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GENERAL	PRINCIPLES
Prolongation	of	the	prothrombin	time	(PT)	and	partial	thromboplastin	time
(PTT)	are	common	findings	in	hospitalized	patients.	Often,	 the	internist	 is
called	preoperatively	to	assess	these	abnormalities.
The	 PT	 screens	 the	 extrinsic	 or	 tissue	 factor–dependent	 coagulation
pathway	(including	most	of	the	vitamin	K–dependent	factors).
The	PTT	screens	the	intrinsic	pathway	(factors	VIII,	IX,	XI,	and	XII;	high
molecular	weight	kininogen;	prekallikrein).
Both	PT	and	PTT	evaluate	the	common	coagulation	pathway.

There	are	several	points	at	which	the	coagulation	cascade	can	be	interrupted.	See
Table	35-1	for	some	common	etiologies	and	Table	35-2	for	differential	diagnosis
by	lab	abnormality.

TABLE	 35-1	 DIFFERENTIAL	 DIAGNOSIS	 OF	 PROLONGED
PT/PTT



DIC,	disseminated	intravascular	coagulation;	FFP,	fresh	frozen	plasma.

TABLE	 35-2	 DIFFERENTIAL	 DIAGNOSIS	 OF	 PROLONGED
PT/PTT	BY	COAGULATION	ABNORMALITY



DIAGNOSIS

Clinical	Presentation
History

History	should	include	medications,	nutritional	status,	and	any	personal	or
family	history	of	severe	bleeding.
Specifically	 inquire	 about	 prior	 excessive	 surgical	 bleeding	 or	 bleeding
during	childhood	tooth	extraction,	which	may	be	a	clue	to	a	long-standing
factor	deficiency.
Some	 “coagulation	 abnormalities”	 may	 be	 lab	 artifacts	 without	 clinical
bleeding.	 For	 example,	 some	 cephalosporin	 antibiotics	 (e.g.,	 ceftriaxone)
may	 cause	 elevations	 in	 international	 normalized	 ratio	 (INR).	 The	 new
novel	 oral	 anticoagulants	 such	 as	 dabigatran,	 rivaroxaban,	 and	 apixaban
prolong	the	PT/INR	and	PTT,	but	not	in	a	dose-dependent	manner,	and	do
not	indicate	the	degree	of	anticoagulation.1



The	 patient	 should	 also	 be	 assessed	 for	 associated	 conditions,	 including
liver	or	autoimmune	disease.

Physical	Examination
Look	 for	 evidence	 of	 bleeding,	 bruising,	 hemarthroses,	 and	 hematomas.	 Also
look	for	stigmata	of	liver	disease	or	autoimmune	disease.

Diagnostic	Testing
In	patients	who	have	an	elevated	PTT	as	well	as	an	elevated	INR	while	on
warfarin	(Coumadin),	the	expected	PTT	should	be	approximately	(5	×	INR)
+	25.
Elevations	several	points	or	higher	than	expected	may	point	to	an	etiology
other	than	excessive	warfarin	dosing	alone.
Lupus	anticoagulant	can	prolong	the	PT	and	PTT,	and	different	laboratory
reagents	have	varying	sensitivities	to	lupus	anticoagulant.	In	the	presence	of
lupus	 anticoagulant,	 escalating	 coumadin	 doses	 magnify	 the	 relative
variation	in	PT	among	different	reagents.2
Elevations	of	the	PT/PTT	without	an	obvious	cause	should	be	evaluated	by
a	50:50	mixing	study	of	the	patient’s	blood	to	normal	blood.

If	 correction	 is	 achieved	 on	 a	 50:50	 mix,	 then	 there	 is	 a	 factor
deficiency.	 If	 a	 factor	 deficiency	 is	 present,	 then	 further	 evaluation
may	 be	 performed	 by	 assaying	 specific	 factors	 based	 on	 the
differential	listed	in	Table	35-2.
If	no	correction	is	achieved,	then	an	inhibitor	is	likely	present.

TREATMENT
Generally,	therapy	depends	on	the	underlying	disorder.
First	 repeat	 the	 PT/PTT	 and	 ensure	 that	 enough	 blood	 is	 placed	 in	 the
tube.
Patients	with	prolonged	PTT	due	to	deficiency	of	factor	XII,	high	molecular
weight	kininogen,	or	prekallikrein	are	not	at	risk	of	bleeding.	The	bleeding
risk	in	factor	XI	deficiency	is	very	mild.	These	patients	do	not	need	specific



preoperative	therapy.3
Vitamin	K	 (5–20	mg	PO)	can	be	administered	 to	patients	with	vitamin	K
deficiency	or	liver	disease.

Subcutaneous	 dosing	 (5–10	 mg)	 is	 unpredictable,	 especially	 in
edematous	patients.
IV	vitamin	K	may	cause	anaphylactoid	reactions	(in	~3/10,000	doses).
This	 risk	 can	 be	 minimized	 by	 using	 a	 formulation	 without
polyethoxylated	castor	oil	and	administering	over	at	least	20	minutes.4
Regardless	 of	 route,	 the	 response	 takes	 1–2	 days	 and	 patients	 with
liver	disease	often	have	very	little	response.
Patients	 who	 are	 supratherapeutic	 on	 warfarin	 respond	 well	 to	 oral
vitamin	K,	1	to	2.5	mg.5
After	 a	 few	 days	 of	 vitamin	K	 administration,	 the	 body’s	 stores	 are
replenished	and	additional	administration	will	have	little	or	no	effect.

Fresh	 frozen	 plasma	 (FFP)	 contains	 all	 of	 the	 coagulation	 factors	 at
normal	serum	levels.

Administer	 2	 U	 before	 procedures	 if	 the	 PT/PTT	 is	 prohibitively
prolonged.
Patients	 with	 severe	 elevations	 or	 who	 are	 having	 life-threatening
bleeding	should	receive	3	to	4	U	to	start.
Frequent	monitoring	 should	 be	 done	 to	 ensure	 that	 the	 PT	 and	 PTT
correct	to	the	appropriate	range.

Cryoprecipitate	 contains	 high	 levels	 of	 fibrinogen	 (factor	 I),	 factor	 VIII
(80	 U),	 and	 von	Willebrand	 factor.	 This	 may	 be	 used	 in	 bleeding	 in	 the
volume-overloaded	 patient	 and	 when	 factor	 VIII	 is	 not	 available	 for
hemophiliacs.	It	has	also	been	used	topically	to	stop	bleeding	from	wounds.
Prothrombin	complex	concentrate	and	recombinant	factor	VIIa	are	not
well	 studied	 in	 the	 reversal	of	novel	oral	 anticoagulants	but	 remain	under
investigation.6	There	is	presently	a	reversal	agent	for	one	of	the	novel	oral
anticoagulants,	discussed	in	Chapter	8.
Specific	coagulation	 inhibitors	may	 resolve	 in	 6–12	months.	 In	 cases	 of
severe	hemorrhage,	plasma	transfusion	or	plasmapheresis	to	lower	antibody
titer	may	be	necessary.
There	 is	 no	 proven	 benefit	 to	 empirically	 treating	 the	 coagulation	 defects
associated	with	disseminated	intravascular	coagulation.	Focus	should	be
on	 treating	 the	 underlying	 disorder,	 and	 factor	 replacement	 should	 be
dictated	by	the	occurrence	of	bleeding.7
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GENERAL	PRINCIPLES
Venous	 thromboembolism	 (VTE)	 refers	 to	 a	 blood	 clot	 or	 thrombus	 that
develops	within	a	vein.	Thrombi	can	be	located	in	superficial	veins	or	deep
veins.	 In	 the	 latter	case,	 they	form	deep	venous	 thrombosis	(DVT),	which
can	 embolize	 to	 the	 pulmonary	 arteries	 and	 cause	 pulmonary	 embolism
(PE).
A	DVT	 can	 be	 located	 either	 in	 the	 distal	 (calf)	 veins	 or	 in	 the	 proximal
veins,	including	the	popliteal,	femoral,	and	iliac	veins.
PE	 can	 be	 categorized	 as	 central	 (main	 pulmonary	 artery,	 lobar	 or
segmental)	or	distal.	A	massive	PE	is	defined	as	obstruction	of	more	 than
half	of	the	pulmonary	circulation.
VTE	 is	 a	 major	 health	 care	 problem,	 due	 to	 difficulties	 in	 diagnosis,
uncertainties	 regarding	 treatment,	 and	 strategies	 to	 prevent	 VTE
development.
The	 incidence	 of	 VTE	 appears	 to	 vary	 based	 upon	 ancestry.	 Annual
incidence	rates	for	people	of	European	ancestry	range	from	104	to	183	per
100,000	 person-years.1	 VTE	 rates	 appear	 to	 be	 higher	 among	 African
Americans	 and	 lower	 in	 Asian,	 Asian	 American,	 and	 Native	 American
populations.1,2	An	estimated	average	of	548,000	hospitalizations	with	VTE
occur	each	year,	of	which	349,000	are	DVT	and	278,000	are	PE.3

Pathophysiology
DVT:	The	natural	history	of	DVTs	is	that	without	any	treatment,	~20–25%
of	 calf	 vein	 thrombi	 will	 extend	 into	 the	 popliteal	 and	 femoral	 veins,
causing	a	proximal	DVT.

Furthermore,	 without	 treatment,	 ~50%	 of	 patients	 with	 a	 proximal



DVT	will	develop	a	PE.4
Most	PEs	are	due	to	DVTs	arising	from	the	proximal	lower	extremities
or	pelvis.

PE:	 Pulmonary	 emboli	 can	 lead	 to	 several	 physiologic	 changes	 due	 to
obstruction	 of	 the	 pulmonary	 arteries.	 This	 can	 be	 categorized	 into	 three
subgroups:	nonmassive,	submassive,	and	massive.

Nonmassive	 pulmonary	 emboli	 are	 those	 that	 cause	 symptoms	 but
have	no	evidence	of	heart	strain	or	hemodynamic	compromise.	These
patients	 may	 exhibit	 increased	 respiratory	 rate,	 hyperventilation,
impaired	 gas	 exchange	 due	 to	 impaired	 perfusion,	 and	 hypoxemia
from	intrapulmonary	shunting.
In	patients	with	submassive	pulmonary	emboli,	 the	acutely	elevated
pulmonary	 vascular	 resistance	 causes	 increased	 strain	 on	 the	 right
ventricle,	which	may	lead	to	hemodynamic	compromise.
Patients	with	massive	pulmonary	emboli	will	exhibit	decreased	right
ventricular	output	and	hypotension.	To	maintain	pulmonary	perfusion
and	 overcome	 the	 obstructing	 thrombus,	 the	 right	 ventricle	 must
produce	 systolic	 pressures	 beyond	 50	 mm	 Hg.5	 The	 normal	 right
ventricle	 is	 unable	 to	 generate	 such	 pressure,	 thus	 resulting	 in	 right
heart	failure.

Risk	Factors
The	classic	teaching	for	risk	factors	is	Virchow’s	triad:

Alterations	 in	 blood	 flow	 (stasis)	 such	 as	 prolonged	 bed	 rest	 or
immobilization
Vascular	endothelial	injury	such	as	surgery	or	trauma
Hypercoagulable	 state:	 either	 inherited	 (genetic	 tendency	 to	 form
VTEs)	or	acquired	(malignancy,	nephrotic	syndrome,	pregnancy	or	use
of	estrogen)

The	 majority	 of	 hospitalized	 patients	 have	 at	 least	 one	 risk	 factor	 for	 a
DVT,6	and	hospitalization	for	an	acute	medical	illness	is	associated	with	an
eightfold	increased	risk	of	VTE.7

DIAGNOSIS



Clinical	Presentation
History

Typical	symptoms	of	DVT	include	unilateral	lower	or	upper	extremity	pain,
tenderness,	and	swelling.
Typical	 symptoms	 of	 a	 PE	 include	 dyspnea,	 pleuritic	 chest	 pain,
hemoptysis,	 or	 syncope.8	 Syncope	 is	 more	 common	 in	 a	 massive	 PE.
Between	33%	and	42%	of	patients	with	a	PE	report	calf	or	thigh	pain,9	and
symptoms	that	increase	the	probability	of	PE	are	sudden	dyspnea,	syncope,
and	hemoptysis.9

Physical	Examination

Signs	on	physical	exam	indicating	possible	DVT	include	increased	warmth,
edema,	 and/or	 erythema.	 Physical	 examination	 findings	 associated	with	 a
probability	of	finding	a	DVT	are	asymmetric	calf	swelling	with	at	least	a	2-
cm	 difference	 between	 calves,	 superficial	 vein	 dilation,	 swelling	 of	 the
entire	length,	and	asymmetrical	skin	warmth.9
Homans	 sign	 is	 pain	 in	 the	 calf	 with	 forceful	 abrupt	 dorsiflexion	 of	 the
patient’s	foot	while	the	knee	is	extended.	Unfortunately,	this	test	has	fallen
out	of	favor	as	it	is	estimated	to	have	a	low	sensitivity	and	specificity.10
The	 individual	 physical	 findings	 that	 increase	 the	 probability	 of	 a	 PE	 are
left	parasternal	heave,	unilateral	calf	pain	or	swelling,	respiratory	rate	>30
breaths/min,	and	systolic	blood	pressure	of	100	mm	Hg	or	less.9

Diagnostic	Criteria
Wells	Criteria	for	DVT:	The	Wells	Criteria	are	a	risk	stratification	tool	to
help	assess	the	pretest	probability	of	a	patient	having	a	DVT	and	can	guide
the	 need	 for	 further	 diagnostic	 testing	 (Table	 36-1).11	 This	 test	 has	 a
sensitivity	of	75–98%	and	a	specificity	of	40–60%.11
Wells	Criteria	for	PE:	Similar	to	the	Wells	Criteria	for	DVT,	there	exists
another	 risk	 stratification	 tool	 to	 help	 assess	 the	 pretest	 probability	 of	 a
patient	having	a	PE	(Table	36-2).12



TABLE	36-1	WELLS	CRITERIA	FOR	DVT

TABLE	36-2	WELLS	CRITERIA	FOR	PE



Adapted	from	Wells	PS,	Anderson	DR,	Rodger	M,	et	al.	Derivation	of	a	simple	clinical	model	to	categorize
patients	 probability	 of	 pulmonary	 embolism:	 increasing	 the	models	 utility	with	 the	SimpliRED	D-dimer.
Thromb	Haemost	2000;83:416–20.

Diagnostic	Testing
Laboratories
D-Dimer	is	a	fibrin	degradation	product	 that	 is	present	 in	blood	as	a	blood	clot
gets	broken	down	by	intrinsic	anticoagulant	factors.	It	has	a	very	high	sensitivity
(99%)	and	negative	predictive	value,	but	low	specificity	(40–60%)	for	diagnosis
of	DVT/PE,	and	 thus	 is	best	used	as	a	 test	 to	 rule	out	disease	 in	cases	of	 low-
moderate	 pretest	 probability.	 Due	 to	 the	 low	 specificity,	 there	 is	 a	 high	 false-
positive	 rate	 typically	 in	 patients	 with	 malignancy,	 trauma,	 infection,	 recent
surgery,	pregnancy,	or	active	bleeding.13

Electrocardiography
ECG	can	be	used	to	assess	for	evidence	of	right	heart	strain.	Signs	of	right	heart
strain	 on	 ECG	 include	 right	 axis	 deviation,	 early	 R-wave	 progression	 in
precordial	leads	with	persistent	S	wave	in	V6,	new	right	bundle	branch	block,	T-
wave	 inversions	 in	 V1–V4	 and/or	 II/III/aVF,	 and	 evidence	 of	 right	 atrial
enlargement	 with	 peaked	 P	 wave	 in	 lead	 II	 >	 2.5	 mm	 in	 height.	 The	 most



common	 finding	 in	 PE,	 however,	 is	 sinus	 tachycardia.	 The	 S1Q3T3	 finding,
which	is	an	S	wave	in	lead	I	and	both	a	Q-wave	and	a	T-wave	inversion	in	lead
III,	 is	 classically	 taught	 but	 is	 not	 very	 common	 and	 is	 neither	 sensitive	 nor
specific	for	PE.14

Imaging

Imaging	modalities	for	diagnosing	DVT
Duplex	 ultrasound	 is	 the	 test	 of	 choice	 for	 the	 diagnosis	 of	 DVT.
Depending	on	the	operator,	the	sensitivity	is	about	95%	and	specificity
is	about	98%	in	detecting	DVT	in	symptomatic	patients.15
Contrast	venography	 is	 the	gold	standard	 test	 for	diagnosis	of	DVT
and	 involves	 injecting	 contrast	 dye	 to	 assess	 for	 the	 presence	 of	 an
intraluminal	 filling	 defect.	 It	 is	 not	 commonly	 done	 and	 has	 been
replaced	by	the	noninvasive	Duplex	ultrasound.

Imaging	modalities	for	diagnosing	PE
Computed	 tomography	 pulmonary	 angiography	 (CTPA):	 this	 is
the	 test	of	choice	 for	 the	diagnosis	of	PE	due	 to	 its	wide	availability
and	 the	 ability	 to	 visualize	 the	 thrombus	 directly.	 The	 sensitivity	 is
83%	and	specificity	is	96%.16	CTPA	also	allows	for	direct	imaging	of
both	 the	 heart	 (assess	 for	 right	 ventricular	 [RV]	 strain)	 and	 inferior
vena	cava	(IVC)	(alternative	source	for	venous	thrombosis).	The	major
disadvantages	 of	 this	 test	 are	 radiation	 exposure,	 high	 cost,	 and
nephrotoxicity.17
Ventilation–perfusion	 (V/Q)	 scan:	 V/Q	 scanning	 is	 the	 second-line
imaging	test	of	choice	for	the	diagnosis	of	PE	useful	in	patients	with	a
normal	 chest	 radiograph	 and	 who	 are	 unable	 to	 receive	 contrast.	 A
normal	scan	has	a	specificity	of	97%	and	can	rule	out	PE,	whereas	a
high	probability	PE	finding	has	a	sensitivity	of	about	80%,	similar	to
that	of	contrast	CT.	The	majority	of	V/Q	scans	are	nondiagnostic	with
intermediate	 or	 low	 probability	 findings,	 which	 necessitate	 further
workup.18
Pulmonary	angiography	is	the	gold	standard	test	for	PE,	though	it	is
infrequently	 used	 due	 to	 being	 invasive	 with	 higher	 risk	 for
complications.
Magnetic	 resonance	 angiography	 (MRA)	may	 be	 an	 alternative	 to
CTPA	 for	 the	 diagnosis	 of	 PE,	 especially	 in	 those	 patients	 with
contrast	allergy	or	who	need	avoidance	of	radiation.	MRA	is	less	used



than	 V/Q	 scans	 due	 cost	 and	 variability.	 This	 test	 is	 best	 done	 at
experienced	 centers,	 and	 when	 technically	 adequate,	 MRA	 has	 a
sensitivity	of	92%	and	specificity	of	96%.19
Echocardiography:	 Both	 transthoracic	 echocardiography	 (TTE)	 and
transesophageal	 echocardiography	 (TEE)	 can	 be	 helpful	 in
differentiating	nonmassive	PE	from	submissive	and	massive.

Findings	include	RV	dilation,	hypokinesis,	tricuspid	regurgitation,
septal	 flattening,	 paradoxical	 septal	 motion	 leading	 to	 impaired
left	ventricular	filling,	elevated	RV	systolic	pressure,	and	lack	of
inspiratory	 collapse	 of	 the	 IVC	 due	 to	 elevated	 right-sided
pressures.
McConnell	 sign	 is	 a	 specific	 finding	 of	 RV	 free	 wall	 akinesia
with	 relative	 sparing	 and/or	 hyperkinesis	 of	 the	 apex	 and	 has	 a
specificity	of	at	least	95%	and	positive	predictive	value	(PPV)	of
71%	for	acute	PE.
Another	important	sign	is	the	60/60	sign,	which	 is	present	when
the	 right	 ventricular	 outflow	 tract	 (RVOT)	 acceleration	 time	 is
<60	ms	 and	 the	 tricuspid	 insufficiency	 pressure	 gradient	 is	 <60
mm	Hg,	thus	suggesting	impairment	in	RV	outflow	in	the	absence
of	 significant	 pulmonary	 hypertension.	 This	 sign	 is	 94%
specific.17

TREATMENT

Medications
Anticoagulation	is	the	mainstay	of	treatment	for	DVT/PE.	This	section	will
discuss	various	anticoagulation	strategies.	 It	 should	be	noted	 that	warfarin
historically	 was	 the	 first-line	 treatment;	 however,	 new	 guidelines
recommend	 the	 use	 of	 non–vitamin	 K–dependent	 oral	 anticoagulants
(NOACs)	 to	be	used	over	warfarin	 (Grade	2B)	 for	oral	anticoagulation	 in
non–malignancy-related	DVT/PE.20
Warfarin	 inhibits	 the	 synthesis	 of	 vitamin	 K–dependent	 clotting	 factors,
including	 factors	 II,	VII,	 IX,	 and	X.	Warfarin	 should	 be	 overlapped	with
heparin	 for	 a	minimum	 of	 5	 days	 and	 until	 the	 INR	 has	 been	within	 the



therapeutic	range	(2–3)	for	at	least	24	hours.20
Dosing	of	warfarin	is	variable	and	must	be	tailored	to	each	individual
patient	 with	 a	 goal	 INR	 of	 2–3.	 Several	 dosing	 strategies	 exist,
however,	in	general	starting	with	an	initial	dose	of	5–10	mg	followed
by	 a	 daily	 dose	 of	 5	 mg	 leads	 to	 a	 decreased	 incidence	 of	 a
supratherapeutic	 INR.	 The	 INR	 should	 be	 checked	 2	 days	 after	 the
initial	dose	and	then	daily	thereafter	until	therapeutic.21
Benefits	of	warfarin	include	low	cost	and	long	half-life.
There	 are	 many	 disadvantages	 including13	 narrow	 therapeutic	 range
(goal	 INR	 2–3),	 slow	 onset/offset	 of	 action,	 delaying	 invasive
procedures	 when	 weaning	 off,	 bleeding	 when	 a	 patient	 is
supratherapeutic,	 many	 drug–drug/drug–food	 interactions,	 and
requiring	 frequent	 monitoring	 and	 INR	 checks,	 which	 can	 decrease
quality	of	life.

NOACs:	There	are	currently	four	FDA-approved	NOACs	available	to	treat
DVT/PE:	 dabigatran,	 rivaroxaban,	 apixaban,	 and	 edoxaban.	 When
compared	 to	 warfarin,	 all	 four	 of	 these	 medications	 have	 less	 food/drug
interactions,	quicker	half-life/time	to	maximum	level	of	activity,	and	fixed
dosing,	 thus	 eliminating	 the	 need	 for	 monitoring.	 They	 each	 also	 have
slightly	 different	 dosing	 and	 pharmacokinetics	 when	 compared	 to	 one
another	(Table	36-3).

There	 were	 four	 major	 trials	 done,	 each	 comparing	 one	 of	 these
medications	to	warfarin	in	patients	with	acute	DVT	and	PE.	In	general,
all	 four	 medications	 were	 found	 to	 be	 noninferior	 to	 warfarin	 with
regard	to	efficacy	in	preventing	recurrent	VTE	or	acute	PE	at	up	to	1-
year	 follow-up.	 With	 regard	 to	 safety	 (major	 bleeding),	 dabigatran,
rivaroxaban,	and	edoxaban	all	were	noninferior	to	warfarin;	however,
apixaban	was	the	only	NOAC	found	to	be	superior.22–25
There	are	several	disadvantages	of	NOACs.

No	good	way	to	monitor	 therapeutic	 level	 if	desired	(difficult	 to
determine	poor	compliance	vs.	failure	of	the	medication).
Short	half-life	causes	anticoagulation	effect	 to	decline	quickly	 if
compliance	is	poor.
Dose	needs	to	be	adjusted	for	liver/renal	dysfunction.
Higher	cost	compared	to	warfarin.
Lack	 of	 a	 FDA-approved	 reversal	 agent,	 except	 for	 the
idarucizumab	for	reversal	of	dabigatran.

When	picking	which	NOAC	 to	 use,	 the	 choice	 should	 be	 tailored	 to



the	patient	based	on	his	or	her	ability	to	afford	the	medication,	manage
taking	 a	 once-	 daily	 medication	 versus	 twice-daily	 medication,	 and
level	of	renal	or	hepatic	dysfunction.	Of	the	NOACs,	only	dabigatran
and	edoxaban	require	a	7–10-day	bridge.22,25

Options	 for	 parenteral	 anticoagulation	 for	 VTE	 include	 intravenous
unfractionated	 heparin	 (UFH),	 subcutaneous	 UFH,	 low	molecular	 weight
heparin	(LMWH),	or	subcutaneous	fondaparinux,	These	agents	are	used	to
treat	 patients	 empirically	 when	 there	 is	 a	 high	 clinical	 suspicion	 for	 PE
while	 the	 workup	 is	 being	 performed	 and	 once	 a	 DVT/PE	 has	 been
confirmed.20

UFH	produces	its	anticoagulation	effect	by	inactivating	thrombin	and
factor	Xa.	UFH	is	given	either	intravenously	or	subcutaneous.	UFH	is
generally	 given	 either	 as	 a	 weight-based	 regimen	 or	 as	 a	 bolus
followed	 by	 an	 infusion.26	 Monitoring	 is	 done	 with	 the	 activated
partial	 thromboplastin	 time	(aPTT)	 levels.	UFH	can	be	reserved	with
IV	protamine	sulfate.
LMWH	(e.g.,	enoxaparin)	has	a	similar	mechanism	of	action	as	UFH.

LMWH	 has	 been	 shown	 to	 have	 decreased	 mortality,	 fewer
recurrent	 thromboembolic	 events	 and	 less	 major	 bleeding	 than
UFH.27
Additionally,	 LMWH	 has	 greater	 bioavailability,	 predictable
pharmacokinetics,	 once-	 or	 twice-daily	 administration,	 fixed
dosing	regimen	that	does	not	require	adjustment,	and	a	decreased
likelihood	of	thrombocytopenia.28
Disadvantages	 to	LMWH	include	a	contraindication	 for	patients
with	a	creatinine	clearance	≤30	mL/min,	longer	time	for	reversal
if	patient	 is	bleeding,	 and	possible	concerns	about	 subcutaneous
absorption	(e.g.,	morbid	obesity).26
LMWH	can	be	used	as	a	subcutaneous	injection	twice	a	day	for
long-term	treatment.
Generally,	monitoring	 is	not	performed,	 though	 factor	Xa	 levels
may	be	useful	 in	particular	clinical	situations	(renal	dysfunction,
obesity,	pregnancy).26
Patients	 with	 malignancy	 may	 have	 reduced	 VTE	 recurrence
when	 treated	 with	 LMWH	 rather	 than	 warfarin	 for	 long-term
therapy.29

Subcutaneous	 fondaparinux	 is	 a	 synthetic	 pentasaccharide	 factor	 Xa
inhibitor	 that	 can	 be	 used	 in	 hemodynamically	 stable	 PE	 patients.



Studies	have	shown	that	fondaparinux	has	similar	clinical	outcomes	as
UFH	 for	 treatment	 of	 acute	 PE	 and	 has	 similar	 clinical	 outcomes	 as
LMWH	for	patients	with	DVT.20,30

Use	of	thrombolytics,	such	as	tissue	plasminogen	activator	(tPA,	alteplase),
is	reserved	for	patients	with	either	significant	submassive	or	massive	PEs.
Evidence	 from	 randomized	 control	 trials	 and	 retrospective	 observational
studies	 indicates	 that	 use	 of	 thrombolytics	 leads	 to	 early	 hemodynamic
improvement	at	the	risk	of	increased	major	bleeding.

Dosing	of	tPA	typically	is	100	mg	IV	over	2	hours.
The	 only	widely	 accepted	 indication	 for	 thrombolysis	 is	 in	 a	 patient
with	massive	PE	and	persistent	hypotension	and/or	shock.
In	patients	with	submassive	PE,	there	is	no	consensus	on	when	to	use
thrombolytics.31–33	In	general,	clinicians	should	consider	thrombolysis
in	 the	 absence	 of	 persistent	 hypotension	 in	 the	 following	 situations:
significant	 right	 ventricular	 dysfunction	 or	 strain	 on	 echo	 or	 CT,
extensive	 clot	 burden	 on	 CT	 scan	 or	 V/Q	 scan,	 cardiopulmonary
resuscitation,	or	severe	hypoxemia.
Absolute	 contraindications	 to	 thrombolysis	 include	 prior	 intracranial
hemorrhage,	 ischemic	 stroke	 within	 last	 3	 months,	 known	 primary
intracranial	 neoplasm,	 known	 structural	 intracranial	 cerebrovascular
disease	(e.g.,	arteriovenous	malformation),	intracranial	surgery	or	head
trauma	within	last	month,	or	active	internal	bleeding.
Relative	contraindications	 to	 thrombolysis	 include	 thrombocytopenia,
current	 use	 of	 anticoagulation,	 pregnancy,	 brain	 metastasis,	 recent
internal	 bleeding	 in	 last	 month,	 remote	 ischemic	 stroke	 >	 3	 months
ago,	and	severe	hypertension	 (systolic	blood	pressure	>	180	mm	Hg,
diastolic	blood	pressure	>	110	mm	Hg).

TABLE	 36-3	 PHARMACOKINETICS	 AND	 DOSING	 OF
ANTICOAGULANTS



Interventional	Management
Surgical	 embolectomy	 involves	 removing	 the	 thrombus.	 It	 is	 usually
reserved	 for	 the	 unstable	 patient	 who	 has	 failed	 thrombolysis	 or	 has	 a
contraindication	 to	 it.	 There	 is	 decreased	 recurrent	 PE	 with	 surgical
embolectomy	but	higher	mortality,	specifically	in	unstable	patients.34
Catheter-directed	 therapies	 include	 suction	 embolectomy,	 rotational
embolectomy,	rheolytic	embolectomy,	or	ultrasound-assisted	thrombolysis.
Each	 form	 of	 catheter-directed	 embolectomy	 uses	 a	 different	 method	 to
fragment	clot	followed	by	aspiration.
IVC	 filters	 should	 be	 placed	 in	 patients	 who	 have	 contraindications	 to
anticoagulation	or	who	have	a	high	bleeding	risk.	Additionally,	IVC	filters
may	be	 beneficial	 as	 an	 adjunct	 to	 anticoagulation	 in	 patients	with	DVTs
who	would	not	tolerate	an	embolic	event	if	one	were	to	happen.

There	 are	 both	 retrievable	 and	 nonretrievable	 filters	 depending	 on	 if
the	 indication	 for	 filter	 is	 permanent.	 Typically	 retrievable	 filters
should	be	removed	within	6	months	after	placement.
Complications	of	IVC	filters	include	those	associated	with	placement
(bleeding,	 infection,	 contrast	 reaction,	 etc.)	 as	 well	 as	 filter	 erosion,
migration,	 embolization,	 or	 filter-related	 thrombosis	 (occurs	 in	 10–
30%	of	patients).35

SPECIAL	CONSIDERATIONS
Duration	 of	 therapy	 depends	 on	 if	 DVT	 or	 PE	 was	 provoked	 or
recurrent20.

In	 patients	 with	 leg	 DVT/PE	 provoked	 by	 surgery	 or	 nonsurgical
transient	 risk	 factor,	 the	 American	 College	 of	 Chest	 Physicians
(ACCP)	recommends	3	months	of	anticoagulation	over	either	a	shorter
(Grade	 IB	 if	 proximal	 leg	 or	 PE,	 2C	 if	 distal	 leg)	 or	 longer	 period
(Grade	IB).
If	leg	DVT/PE	was	provoked	by	nonsurgical	transient	risk	factor,	they
further	 support	 the	 above	 recommendation	 despite	 bleeding	 risk
(Grade	 2B	 if	 low-moderate	 bleeding	 risk	 and	 Grade	 IB	 if	 high
bleeding	risk).



In	 patients	 with	 first	 unprovoked	 leg	 DVT/PE,	 the	 ACCP
recommends	 3	 months	 of	 therapy	 over	 a	 longer	 time-limited	 period
(Grade	 IB,	 regardless	 of	 location).	 If	 proximal	 leg	 DVT	 or	 PE	 and
patient	has	low-moderate	bleeding	risk,	then	>3	months	of	therapy	(no
scheduled	stop	date)	is	reasonable	(Grade	2B).
In	 patients	 with	 a	 second	 unprovoked	 VTE	 they	 recommend	 3
months	 of	 therapy	 if	 high	 bleeding	 risk	 (Grade	 2B)	 and	 extended
therapy	 (no	 scheduled	 stop	 date)	 if	 low	 bleeding	 risk	 (Grade	 1B)	 or
moderate	bleeding	risk	(Grade	2B).
In	 patients	 receiving	 extended	 therapy,	 the	 continuation	 of	 treatment
should	be	reassessed	annually.20

Hypercoagulable	 workup:	 routine	 evaluation	 for	 hypercoagulable
disorders	 in	patients	with	unprovoked	VTE	 is	unwarranted	 and	 should	be
limited	to	select	populations.

Evaluating	 for	 occult	 malignancy	 should	 also	 not	 be	 done	 unless
patient	has	risk	factors	for	cancer.36
Those	who	may	benefit	from	a	hypercoagulable	workup	include	those
who	are	young	(age	<	45),	have	recurrent	thrombosis,	have	thrombosis
in	 multiple	 venous	 sites	 or	 unusual	 locations	 (splenic	 vein,	 hepatic
vein,	etc.),	or	have	a	family	history	of	VTE	at	young	age	(age	<	45).
A	 typical	 hypercoagulable	 workup	 includes	 testing	 for	 all	 five
inherited	thrombophilias	(protein	C,	protein	S,	and	thrombin,	factor	V
Leiden,	 or	 prothombin	 gene	 mutations)	 and	 for	 antiphospholipid
syndrome	(APS).

Prevention	VTE	 in	 hospitalized	patients:	 Every	 patient	 admitted	 to	 the
hospital	 should	 have	 an	 assessment	 for	 VTE	 prevention.	 The	 ACCP	 has
published	 guidelines	 for	 VTE	 prophylaxis	 in	 nonsurgery	 patients,6
orthopedic	surgery	patients,37	 and	nonorthopedic	 surgery	patients.38	 Table
36-4	highlights	VTE	prophylaxis	for	medical	patients.

TABLE	36-4	GUIDELINES	FOR	VTE	PREVENTIONS



1.
2.

3.

4.

5.
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and	prevention	of	thrombosis,	9th	ed:	American	college	of	chest	physicians	evidence-based	clinical	practice
guidelines.	Chest	2012;141:e195S–e226S.
bGould	 MK,	 Garcia	 DA,	 Wren	 SM,	 et	 al.	 Prevention	 of	 VTE	 in	 nonorthopedic	 surgical	 patients:
antithrombotic	 Therapy	 and	 Prevention	 of	 Thrombosis,	 9th	 ed:	 American	 College	 of	 Chest	 Physicians
Evidence-Based	Clinical	Practice	Guidelines.	Chest	2012;141:e227S–77S.
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GENERAL	PRINCIPLES
Pain	 is	 a	 debilitating	 symptom	 that	 is	 frequently	 experienced	 by	 patients
with	 cancer.	 It	 is	 reported	 by	 approximately	 one-quarter	 of	 patients	 with
newly	diagnosed	malignancy,	one-third	of	patients	undergoing	treatment	for
cancer,	and	at	 least	 three-quarters	of	patients	with	advanced	disease.	Over
one-third	of	 patients	with	metastatic	 disease	 report	 pain	 severe	 enough	 to
impair	function.
Progressive	pain	leads	to	progressive	disability	and	adversely	affects	quality
of	life.	A	patient’s	role	in	his/her	family	may	be	significantly	altered.	Loss
of	routine	duties	or	employment	can	erode	a	patient’s	sense	of	identity,	self-
worth,	and	self-esteem.
Cancer	patients	with	pain	are	more	likely	to	have	high	levels	of	depression,
fatigue,	 anxiety,	 and	 mood	 disturbance.	 Disability	 related	 to	 pain	 can
ultimately	 force	 patients	 into	 institutionalization	when	 they	 can	no	 longer
be	managed	at	home.

ASSESSMENT
The	most	common	way	of	assessing	pain	intensity	is	with	a	numeric	scale
of	0–10	(1–3	=	mild	pain,	4–7	=	moderate	pain,	8–10	=	severe	pain).
Other	 scales,	 including	 the	 visual	 analog	 scale	 (Fig.	 37-1)1	 and	 a	 verbal
rating	scale,	are	available.	Pain	scales	can	be	used	to	track	pain	over	time.
Patients	with	cognitive	impairment	or	altered	mental	status	may	be	unable
to	rate	their	pain,	and	it	may	be	necessary	to	instead	monitor	for	behavior
that	 might	 indicate	 pain.	 This	 may	 include	 mood	 swings,	 agitation,
restlessness,	 and	 increased	 fatigue.	 Currently	 there	 exists	 no	 valid	 and



reliable	method	of	objectively	quantifying	pain.
The	most	 important	 aspect	 of	 pain	management	 is	 thorough	 and	 frequent
reassessment:

Assessing	pain	at	every	visit	emphasizes	the	physician’s	commitment
to	patient	 comfort,	 and	giving	patients	 the	opportunity	 to	discuss	 the
emotional	and	practical	implications	of	their	pain	in	their	lives	is	also
important
Information	 regarding	 pain	 levels,	 location,	 intensity,	 radiation,
aggravating	factors,	timing,	and	quality	of	the	pain	should	be	obtained
with	 each	 assessment	 as	 well	 as	 interference	 with	 daily	 activities.
Furthermore,	current	medications	and	treatments	need	to	be	reviewed,
including	the	frequency	of	use	of	breakthrough	medications.
In	patients	receiving	chemotherapy,	watching	for	signs	and	symptoms
of	chemotherapy-induced	peripheral	neuropathy	(CIPN)	can	facilitate
early	recognition	and	intervention.
For	patients	being	started	on	opioids,	reassessment	within	the	first	24
hours	 is	 recommended	 to	 ensure	 effectiveness	 of	 treatment	 and
preempt	adverse	sequelae.
Patients	 receiving	 palliative	 care	 often	 have	 rapidly	 changing
symptoms	requiring	frequent	escalations	in	pain	medication	dosage	to
achieve	good	symptom	control.

When	 assessing	 acute	 pain	 in	 a	 patient	with	 a	 previous	history	of	 cancer,
recurrence	or	progression	of	disease	should	be	on	the	differential	diagnosis.
In	patients	with	active	cancer	and	new	pain,	oncologic	emergencies	must	be
ruled	 out.	 The	 characteristics	 of	 the	 pain	 are	 can	 help	 differentiate	 the
pathophysiology.	Patients	may	have	more	than	one	pain	syndrome.

Bone	 and	 other	 musculoskeletal/somatic	 pain	 is	 one	 of	 the	 most
common	types	of	pain	in	cancer	patients.	It	is	sharp,	is	well	localized,
does	 not	 radiate,	 and	 may	 increase	 with	 movement	 of	 the	 involved
area.	Bone	pain	emergencies	include	unstable	pathologic	fractures,
which	may	present	with	pain	on	movement	and	 localized	 tenderness,
and	 epidural	 spinal	 cord	 compression,	 which	 may	 present	 with
progressive,	 central	 back	 pain	 radiating	 bilaterally,	 often	 worse	 with
recumbency	or	intra-abdominal	pressure	and	with	bilateral	sensory	or
motor	changes	in	the	lower	extremities.
New	or	different	headache	in	the	setting	of	malignancy	may	be	related
to	 brain	 metastases.	 Associated	 signs	 and	 symptoms	 can	 include
nausea,	 vomiting,	 lethargy,	 photophobia,	 and	 personality	 or	 mental
status	 changes.	 Progressive	 neurologic	 symptoms	 in	 the	 setting	 of



headache	 is	 considered	 a	medical	 emergency	 until	 proven	 otherwise.
Metastatic	disease	to	the	base	of	the	skull	can	present	as	facial	pain	or
headache	 or	 dysfunction	 of	 specific	 cranial	 nerves	 affected	 by	 the
tumor;	consultation	with	a	pain	specialist	and	a	surgeon	is	indicated.
Visceral	 pain	 is	 poorly	 localized	 and	 deep	 and	 may	 also	 be
lancinating,	episodic,	and	colicky.	In	some	patients,	visceral	pain	may
be	 related	 to	 direct	 tumor	 infiltration,	 constipation,	 radiation,	 or
chemotherapy.	 Obstruction	 of	 a	 hollow	 viscus	 may	 represent	 an
emergency	 if	 it	 leads	 to	 perforation,	 ischemic	 necrosis,	 or	 organ
failure.	 Intestinal	 obstruction	 can	 present	with	 continuous	 or	 colicky
pain	 with	 associated	 nausea,	 vomiting,	 constipation,	 diarrhea,	 or
abdominal	 distension.	 Surgical	 evaluation	 should	 be	 considered,	 and
fecal	impaction	should	be	ruled	out.
Neuropathic	pain	 is	 often	described	 as	burning,	 shooting,	 electrical,
or	 “pins	 and	 needles”	 and	 is	 generally	 constant.	 Radiculopathy	may
cause	pain	in	a	dermatomal	distribution	and	may	also	be	characterized
by	allodynia	 (pain	worse	with	 light	 touch).	Neuropathic	pain	 is	often
related	 to	 neuronal	 injury	by	 tumor	 invasion	or	 cancer	 therapies,	 but
nerve	 injury	 by	 compression	must	 be	 ruled	 out.	 CIPN	 is	 a	 common
treatment-related	 adverse	 event	 and	 is	 more	 likely	 to	 occur	 with
regimens	 that	 include	 platinum	 drugs,	 vinca	 alkaloids,	 bortezomib,
and/or	taxanes.	African	Americans	are	at	significantly	increased	risk	of
taxane-induced	 neuropathy.2	 CIPN	 usually	 presents	 with	 symmetric,
distal,	 in	 a	 glove	 and	 stocking	 distribution	 that	 tends	 to	 be	 sensory
more	than	motor.	Symptoms	develop	gradually	and	may	progress	2–6
months	 after	 discontinuation	 of	 chemotherapy.	 Some	 neuropathy-
inducing	 chemotherapy	 drugs,	 like	 taxanes	 and	 oxaliplatin,	 can	 also
cause	an	acute	neurotoxicity	(separate	from	CIPN)	that	occurs	hours	to
days	after	infusion.



FIGURE	37-1	Wong-Baker	FACES	Pain	Rating	Scale.	
(From	 Wong-Baker	 FACES	 Foundation.	 (2016).	 Wong-Baker
FACES®	Pain	Rating	Scale.	Retrieved	June	28,	2016,	with	permission
from	 http://www.WongBakerFACES.org.	 Originally	 published	 in
Whaley	&	Wong’s	Nursing	Care	 of	 Infants	 and	Children.	©	 Elsevier
Inc.)

TREATMENT
The	 underlying	 cause	 of	 pain	 should	 be	 identified	 and	 addressed	 when
possible	 (e.g.,	 with	 antitumor	 therapy	 using	 radiation,	 chemotherapy,	 or
palliative	tumor	debulking	surgery	when	appropriate),	but	treatment	of	the
pain	should	not	be	delayed	by	the	diagnostic	process.	Though	the	evidence
demonstrating	 its	 efficacy	 is	 limited,	 the	 three-step	 World	 Health
Organization	 (WHO)	 analgesic	 ladder	 has	 been	 accepted	 as	 a	 framework
for	the	initiation	and	titration	of	analgesics	(Table	37-1).3,4

For	 mild	 pain	 (Step	 I),	 acetaminophen	 and	 nonsteroidal	 anti-
inflammatory	 drugs	 (NSAIDs)	 are	 first-line	 therapy,	 barring
contraindications.
Opioids	can	be	started	if	these	are	not	effective	or	if	pain	is	moderate-
to-severe	(Step	II).	“Weak”	opioids	such	as	codeine,	hydrocodone,	and
low-dose	oxycodone	are	often	used	initially.
If	 these	are	not	adequate,	stronger	opioids	 like	high-dose	oxycodone,
morphine,	or	hydromorphone	are	indicated	(Step	III).



TABLE	 37-1	 SELECTED	 AGENTS	 IN	 THE	 THREE-STEP
ANALGESIC	LADDER

aTransdermal	fentanyl:	100	mcg/h	=	315–404	mg/d	of	oral	morphine	and	53–67	mg/d	of	IM	morphine.
Adapted	from	Jaycox	A,	Carr	DB,	Payne	R.	New	clinical	practice	guidelines	for	the	management	of	pain	in
patients	 with	 cancer.	N	 Engl	 J	 Med	 1994;330:651–5;	 World	 Health	 Organization.	WHO’s	 cancer	 pain
ladder	 for	 adults.	 2016.	 Available	 at:	 http://www.who.int/cancer/palliative/painladder/en/	 (last	 accessed
March	15,	2016).



Medications
Nonopioid	Medications

Nonopioid	analgesics:	NSAIDs	and	acetaminophen	are	commonly	used	for
the	 treatment	 of	 mild	 cancer	 pain	 as	 part	 of	 Step	 I.	 When	 scheduled	 in
moderate-to-severe	pain,	 they	may	 also	decrease	 concurrent	 opioid	doses.
NSAIDs	and	cyclooxygenase-2	(COX-2)	inhibitors	may	be	helpful	for	bone
pain.	 NSAIDs	 may	 also	 reduce	 peritumoral	 edema,	 which	 may	 decrease
pain	(e.g.,	in	hepatic	tumors	that	cause	stretching	of	the	liver	capsule).

NSAID	 use	 requires	 consideration	 of	 major	 side	 effects
(gastrointestinal	 [GI]	 bleed,	 renal	 toxicity,	 hepatic	 dysfunction)	 and
minor	 side	 effects	 (nausea,	 vomiting,	 dyspepsia,	 bloating,	 and
constipation).	There	is	no	evidence	that	one	NSAID	is	more	effective
than	 another,	 and	 switching	 to	 another	 NSAID	 may	 be	 worthwhile
when	one	is	not	providing	relief.	Naproxen	has	a	higher	risk	of	GI	side
effects	but	 is	preferred	 for	patients	with	cardiovascular	 risk,	whereas
ibuprofen	has	a	lower	risk	of	GI	side	effects	at	low	doses	but	a	higher
cardiovascular	and	stroke	risk.
Acetaminophen	 must	 be	 used	 with	 caution	 in	 patients	 with	 hepatic
dysfunction,	generally	at	a	reduced	maximum	dose	of	2–3	g/d,	if	at	all.
Note	 all	 acetaminophen-containing	 medications	 to	 avoid	 inadvertent
acetaminophen	overdose.

Adjuvant	 pain	 therapies:	 Nonopioid	 medications	 and	 adjuvant	 pain
therapies	may	be	introduced	at	any	point	in	the	WHO	analgesic	ladder	and
may	 help	 decrease	 the	 amount	 of	 opioid	 required.	 Agents	 include	 the
following:
Antidepressants

Tricyclic	 antidepressants	 (TCAs)	 are	 first-line	 agents	 to	 treat
neuropathic	 pain.	They	 should	 be	 initiated	 at	 a	 low	dose	 and	 can	 be
titrated	 up	 every	 3–14	 days	 depending	 on	 the	 medication	 and	 side
effects.	 Amitriptyline	 tends	 to	 have	 the	 greatest	 incidence	 of	 side
effects.	 Nortriptyline	 and	 desipramine	 are	 minimally	 sedating	 and
anticholinergic	 and	 only	 have	 a	 modest	 effect	 on	 orthostasis	 and
weight	 gain.	 Trazodone	 is	 sedating	 but	 without	 the	 anticholinergic
activity	and	has	minimal	orthostasis	and	weight	gain.	TCAs	should	be
used	 with	 caution	 in	 patients	 with	 arrhythmias	 and	 ischemic	 heart
disease.



If	 the	 dose	 is	 limited	 by	 side	 effects,	 or	 if	 TCAs	 are	 ineffective,
selective	 serotonin	 reuptake	 inhibitors	 (SSRIs)	 can	 be	 added.
Citalopram	and	escitalopram	are	the	preferred	SSRIs	to	use	with	TCAs
because	they	do	not	interfere	with	their	metabolism.	Duloxetine	is	the
only	 recommended	 treatment	 for	patients	with	CIPN,	and	 there	 is	no
established	agent	recommended	to	prevent	CIPN.

Antiepileptic	drugs	 (AEDs)	 like	gabapentin	and	pregabalin	are	also	used
for	neuropathic	pain.	Phenytoin,	carbamazepine,	and	valproic	acid	are	also
used.	 Side	 effects	 of	 AEDs	 include	 diplopia,	 headache,	 nystagmus,	 and
ataxias.	Some	AEDs	require	serum	level	monitoring.	These	drugs	also	tend
to	be	more	sedating	in	elderly	patients	and	must	be	used	with	caution.
Corticosteroids	 can	be	 considered	 to	 treat	 bone	pain	 in	patients	who	 fail
NSAIDs;	the	usual	dose	of	prednisone	for	this	indication	is	20	mg	PO	bid
followed	by	a	taper.5	Steroids	may	also	be	helpful	in	reducing	peritumoral
edema,	 which	 may	 be	 causing	 pain.	 In	 patients	 with	 spinal	 cord
compression,	 early	 dexamethasone	 burst	 and	 taper	 has	 been	 shown	 to
improve	 outcomes.6	 Steroids	 may	 also	 benefit	 patients	 with	 neuropathic
pain	 that	 is	 refractory	 to	 antidepressants	 and	 AEDs.	Mild	 side	 effects	 of
corticosteroids	include	euphoria	and	increased	appetite.	Serious	side	effects
include	 increased	 risk	 of	 GI	 bleeding,	 increased	 risk	 of	 infection,
hyperglycemia/diabetes,	and	psychosis.
Local	or	topical	agents	offer	short-term	relief	for	well-localized	pain	with
little	 or	 no	 systemic	 effects.	 Useful	 agents	 include	 capsaicin	 cream	 and
local	 anesthetics,	 such	 as	 transdermal	 or	 topical	 lidocaine	 (available	 in
patch,	gel,	or	 liquid	 form).	Topical	 lidocaine	may	alleviate	pain	 related	 to
mucositis	 or	 esophagitis	 (in	 a	 swish-and-swallow	 preparation)	 or	 for
treating	 pain	 from	 wounds	 or	 other	 skin	 irritation	 (e.g.,	 radiation
dermatitis).	A	pain	 specialist	 can	offer	 subcutaneous	 local	anesthetics	 like
lidocaine	and	mexiletine	for	neuropathic	pain	that	has	failed	antidepressants
and	AEDs.
Bisphosphonates	like	pamidronate	and	zoledronate	have	been	used	to	treat
bone	pain,	most	commonly	 in	breast	cancer,	prostate	cancer,	 and	multiple
myeloma.	 Their	 use	 is	 best	 managed	 in	 consultation	 with	 a	 medical
oncologist.
Antispasmodic	 agents	 (e.g.,	 hyoscyamine)	 may	 be	 considered	 to	 treat
colicky	visceral	pain.
Muscle	 relaxants	 (e.g.,	 cyclobenzaprine,	 baclofen,	 and	 methocarbamol)
may	 be	 helpful	 in	 relieving	 somatic	 pain.	 These	 medications	 may	 cause



sedation	and	must	be	used	with	some	caution	 in	patients	already	on	other
sedating	medications.

Opioid	Analgesics

Opioids	remain	the	mainstay	for	pain	control	in	moderate-to-severe	pain.
When	 starting	 oral	 therapy	 for	 severe	 pain,	 a	 short-acting	 drug	 should	 be
given.

Depending	on	the	severity	of	the	pain	and	the	desired	speed	of	onset	of
analgesia,	 parenteral	 medication	 (e.g.,	 morphine	 2–4	 mg	 or
hydromorphone	 0.5–1	 mg)	OR	 oral	 opioid	 (e.g.,	 immediate-release
morphine	sulfate	5–15	mg	or	oxycodone	5–15	mg)	may	be	selected.
Efficacy	 and	 side	 effects	 should	 be	 assessed	 at	 60	minutes	 and	 after
two	or	three	dosing	cycles	to	consider	further	dose	titration.
If	bolus	parenteral	therapy	is	inadequate,	even	at	frequencies	of	every
2–3	hours,	a	switch	to	patient-controlled	analgesia	can	be	considered,
which	provides	rapid	means	to	titrate	the	analgesic	dose.	For	patients
who	 urgently	 require	 parenteral	 opioids	 but	 lack	 ready	 intravenous
access,	 subcutaneous	 preparations	 are	 preferred	 over	 intramuscular
preparations.

After	 five	 or	 six	 half-lives	 (24	 hours	 for	 morphine)	 of	 adequate	 pain
control,	 the	 daily	 requirement	 can	 be	 determined	 and	 a	 scheduled	 long-
acting	 preparation	 can	 be	 started	 at	 approximately	 an	 equivalent	 dose,
though	 some	 practitioners	 prefer	 to	 start	 at	 half	 or	 two-thirds	 the	 daily
opioid	requirement.

Short-acting	 agents,	 at	 10–20%	 of	 the	 daily	 dose,	 should	 also	 be
offered	 q3–8h	 as	 needed	 for	 breakthrough	 pain	 (defined	 as	 transient
exacerbations	of	pain	occurring	on	stable	pain	otherwise	controlled	by
around-the-clock	therapy).
Oral	 immediate-release	 opioids,	 buccal/sublingual,	 or	 intranasal
preparations	 (where	 available)	 are	 all	 appropriate	 for	 breakthrough
pain.	 On	 reassessment,	 patient	 reliance	 on	 breakthrough	 medication
(i.e.,	 use	 of	 the	 short-acting	 opioid	 more	 than	 three	 times	 per	 day)
should	 be	 taken	 as	 a	 sign	 that	 the	 pain	 regimen	 may	 need	 to	 be
adjusted.
Opioids	can	be	further	up-titrated	by	adding	the	equivalent	of	the	total
amount	 of	 required	 breakthrough	 medication	 to	 the	 long-acting
preparation	or	by	increasing	the	dose	of	the	long-acting	preparation	by



25–50%,	depending	on	the	severity	of	the	pain.5
Regimens	 should	 be	 titrated	 to	 minimize	 pain	 and	 the	 need	 for
breakthrough	medication.	However,	all	patients	need	continued	access
to	breakthrough	medication.

Transdermal	fentanyl	patches	are	the	long-acting	opioids	of	choice	in	many
cancer	 patients,	 but	 they	 are	 generally	 not	 recommended	 as	 first-line
opioids	 given	 the	 long	 latent	 period	 to	 steady	 state	 (36–48	 hours)	 and
difficulty/delay	 of	 titration	 (3	 days).	 Despite	 wide	 variability	 in	 the
pharmacokinetics	 for	 this	 product	 and	 concern	 for	 impaired	 absorption	 in
cases	of	decreased	body	fat,	it	 is	a	valid	option	when	oral	medications	are
problematic	(e.g.,	dysphagia).	Dosage	should	be	based	on	the	daily	dose	of
breakthrough	opioid,	with	50–75	mg/24	h	of	oral	morphine	converted	to	a
25	 μg/h	 increase	 in	 fentanyl	 patch	 dose.5	 An	 alternate	 conversion:	 oral
morphine	 mg/100	 =	 transdermal	 fentanyl	 mg/24	 h	 (manufacturer-
recommended	 dosing	 ratio	 of	 150:1).7	 Despite	 the	 variable
pharmacokinetics,	 the	 potency	 of	 transdermal	 fentanyl	 should	 not	 be
underestimated.
Opioids	in	renal	insufficiency:	Some	medications	will	have	increased	half-
life	 as	 metabolites	 accumulate.	 These	 include	 codeine,	 oxycodone,
tramadol,	 and	 the	 active	 metabolites	 of	 meperidine	 (normeperidine),
propoxyphene,	 and	 morphine	 (morphine-6-glucoronide).	 Tramadol	 and
normeperidine	 lower	 seizure	 threshold.	 In	 general,	 propoxyphene,
meperidine,	and	mixed	agonist–antagonists	agents	are	not	recommended	for
cancer	patients.
Converting	 between	 opioids:	 Incomplete	 cross-resistance	 may	 lead	 to
unanticipated	 potency	 with	 a	 new	 agent.	 In	 converting	 between	 opioid
agents	 for	 a	 patient	 with	 adequate	 pain	 control,	 practitioners	 should
consider	calculating	the	initial	dose	as	half	of	the	total	daily	oral	morphine
equivalent	 to	 account	 for	 this	 reduced	 cross-resistance.	 If	 inadequate
analgesia	has	led	to	the	change	in	agents,	then	the	new	drug	may	be	started
at	a	nearly	equivalent	dose	(Table	37-2).

When	using	codeine,	practitioners	should	be	aware	 that	 there	 is	wide
variation	 in	 the	 ability	 of	 individual	 patients	 to	 covert	 codeine	 to
morphine	 due	 to	 the	 genetic	 polymorphism	 of	 the	 CYP2D6	 enzyme
involved.	 Current	 guidelines	 recommend	 converting	 between	 oral
codeine	 and	 oral	 morphine	 with	 a	 ratio	 of	 10:1.	 Because	 codeine
converts	 to	 morphine,	 the	 same	 caution	 for	 use	 in	 renal	 patients
applies.



When	using	oxycodone,	it	is	important	to	note	that	oral	oxycodone	has
a	 bioavailability	 of	 60–87%,	 whereas	 the	 bioavailability	 of	 oral
morphine	 is	 15–64%.7	 Therefore,	 many	 guidelines	 give	 the	 potency
ratio	for	oral	oxycodone	to	oral	morphine	as	1.5:1	(i.e.,	a	lower	dose	of
oxycodone	 is	 theoretically	 needed	 to	 have	 comparable	 analgesic
effect).

Side	effects:	Patients	should	be	monitored	closely	for	analgesic-related	side
effects;	 they	often	do	not	 report	side	effects	unless	specifically	asked.	For
patients	 on	 opioids,	 routine	 inquiries	 should	 be	 made	 about	 sedation,
constipation,	 nausea/vomiting,	 and	 pruritus.	 For	 patients	 who	 are	 having
negative	side	effects	from	pain	medications,	there	are	five	main	strategies:

Change	the	medication	dose	or	dosing	frequency	(e.g.,	changing	to
long-acting	formulations	promotes	a	more	constant	serum	level	of	the
medication	and	may	ameliorate	the	side	effect	experienced	with	short-
acting	formulas).
Rotate	to	another	opioid.	Pruritus	may	trigger	switching	to	fentanyl,
which	tends	to	be	less	pruritic.
Change	the	route	of	administration.

Subcutaneous,	 intravenous,	 and	 transdermal	 routes	 may	 have
fewer	GI	side	effects	than	the	oral	route.
Administering	 opioids	 intrathecally	 allows	 for	 dramatic	 dose
reduction,	which	often	eliminates	CNS	side	effects	like	sedation,
nausea,	 and	 vomiting.	 However,	 its	 use	 is	 usually	 limited	 to
patients	who	have	failed	a	more	conservative	approach	and	who
are	not	homebound.
Not	all	patients	have	easily	obtainable	venous	access;	 central	or
peripherally	 inserted	 central	 venous	 catheter	 (PICC)	 line
placement	may	be	required.	This	requires	fastidious	line	care;	line
infection	is	a	continuous	risk.

Add	 nonopioid	 analgesics	 or	 coanalgesics	 and	 nondrug	methods	 of
pain	control	in	order	to	reduce	the	total	opioid	requirement.

Acetaminophen,	 NSAIDs,	 and	 caffeine	 can	 act	 synergistically
with	opioids.
Coanalgesics	 are	 agents	 that	 enhance	 analgesics	 and	 are
themselves	at	either	least	partially	analgesic	or	counteract	the	side
effects	 of	 analgesics.	 These	 include	 caffeine,	 TCAs,	AEDs,	 and
corticosteroids.	 Physical,	 psychological,	 and/or	 complementary
modalities	 may	 also	 be	 opioid	 sparing	 and	 thus	 may	 also	 be
considered	coanalgesics.



Add	 a	 medication	 specifically	 to	 counteract	 the	 unwanted	 opioid
side	 effect.	 The	most	 common	 opioid	 side	 effects	 and	 their	 targeted
treatments	are	described	below.

Nausea	 and	 vomiting	 can	 result	 from	 opioid	 effects	 on	 the
chemoreceptor	 trigger	 zone	 and	 the	 vestibular	 apparatus
(producing	 vertigo)	 or	 as	 a	 consequence	 of	 their	 constipating
effects.	 Other	 causes	 of	 nausea	 in	 the	 cancer	 patient	 should	 be
excluded	(e.g.,	bowel	obstruction,	fecal	impaction,	chemotherapy,
radiation	 therapy,	 hypercalcemia,	 and	 intracranial	 pathology).
Antiemetic	 therapy	 options	 include	 prochlorperazine,
metoclopramide,	 and	 ondansetron.	 Lorazepam	 can	 also	 be	 very
effective.	 If	 one	 antiemetic	 is	 prescribed	 as	 needed	 and	 nausea
persists,	 that	 antiemetic	 can	 be	 changed	 to	 scheduled	 dosing
and/or	additional	antiemetics	can	be	added.
Constipation	and	stool	impaction	must	be	diagnosed	and	treated.
Constipation	prophylaxis	should	always	be	started	with	initiation
of	opioid	 therapy,	 including,	a	 stool	 softener	 (e.g.,	docusate	100
mg	PO	bid)	and	a	stimulant	laxative	(e.g.,	senna	2	tablets	PO	qam
or	 bid).	 Impaction	 and	 bowel	 obstruction	 and	 other	 causes	 of
constipation	 must	 be	 ruled	 out.	 After	 other	 causes	 have	 been
excluded,	 osmotic	 laxatives	 (e.g.,	 polyethylene	 glycol	 17	 g	 PO
daily,	lactulose	30–60	mL	PO	daily,	magnesium	citrate	1.745	g/30
mL,	 8	 oz	 PO	 daily,	 bisacodyl	 2–3	 tablets	 PO	 daily	 or	 1	 rectal
suppository	 daily,	 or	 sorbitol	 30	mL	PO	 every	 2	 hours	 ×	 3	 and
then	PRN)	may	be	initiated.	Subcutaneous	methylnaltrexone	may
be	utilized	 in	acute	constipation	once	obstruction	has	been	ruled
out.	 Oral	 naloxone	 can	 be	 considered	 for	 refractory	 cases.
Patients	 may	 require	 disimpaction	 (glycerin	 suppositories,
enemas,	or	manual	disimpaction).
Respiratory	depression	may	occur	with	any	of	the	systemic	pure
opioid	 agonists.	 For	 symptomatic	 respiratory	 depression,
naloxone	 may	 be	 given	 (0.04	 mg	 q30–60	 seconds	 PRN	 for
respiratory	 depression,	 0.4–1	 mg	 for	 apnea,	 and	 2	 mg	 for
cardiopulmonary	arrest).	The	half-life	of	naloxone	is	shorter	than
that	 of	 most	 opioid	 medications	 and	 redosing	 or	 continuous
infusion	may	be	necessary.
Sedation:	stimulants	such	as	caffeine,	dextroamphetamine	2.5–10
mg	 PO,	 or	 methylphenidate	 2.5–10	 mg	 PO	 1–3×/day	 are	 an
option	to	treat	opioid-related	sedation.



Pruritus	 can	 be	 addressed	 with	 diphenhydramine	 25–50	 mg
PO/IV	 q12h,	 dexamethasone	 1	 mg	 PO	 daily,	 or	 topical
preparations	 such	 as	 Sarna	 lotion	 or	 1%	 hydrocortisone	 cream
q6h.

Additional	complications
Tolerance	is	defined	as	the	progressive	decline	of	opioid	potency	with
continued	use.	All	patients	who	use	an	opioid	for	an	extended	period
of	 time	 usually	 develop	 physiological	 dependence.	 Addiction	 is	 a
psychological	 behavioral	 syndrome	 characterized	 by	 drug-seeking
behavior;	 it	 is	very	rare	among	cancer	patients.	Opioids	should	never
be	 abruptly	 discontinued	 in	 patients	 on	 chronic	 opioids,	 but	 rather
tapered	under	the	supervision	of	a	physician	in	order	to	prevent	acute
withdrawal.	See	Chapter	48	for	opioid	withdrawal.
Opioid-induced	 hyperalgesia	 (OIH)	 is	 a	 state	 of	 nociceptive
sensitization	caused	by	opioid	use.	It	may	manifest	as	rapid	tolerance
to	 opioids,	 increasing	 pain	 despite	 increasing	 opioid	 doses,	 and	 pain
which	 extends	 beyond	 the	 distribution	 of	 the	 preexisting	 pain.	 The
mechanism	 is	 not	 well	 understood.	 Care	 needs	 to	 be	 taken	 to
differentiate	 between	 OIH	 and	 increased	 pain	 related	 to	 disease
progression	or	opioid	tolerance.	Treatment	for	OIH	involves	reducing
the	 causal	 opioid	 and/or	 switching	 to	 an	 opioid	 that	 is	 less	 likely	 to
cause	 OIH	 (such	 as	 methadone	 or	 buprenorphine),	 maximizing
nonopioid	analgesics,	and	considering	the	use	of	ketamine.7

TABLE	 37-2	 EQUIPOTENT	 ANALGESIC	 DOSES	 (MORPHINE,
10	MG	IV/IM	=	1	U)



aA	dose	 ratio	of	1:4	of	oral	methadone	 to	oral	morphine	 is	used	 for	oral	morphine	doses	<90	mg/d.	For
doses	of	90	 to	300	mg,	a	 ratio	of	1:8	and	>300	mg	should	use	a	 ratio	of	1:12	of	oral	methadone	 to	oral
morphine.

Other	Nonpharmacologic	Therapies
Patients	 also	 may	 choose	 to	 pursue	 complementary	 or	 alternative	 therapies,
including	 massage,	 acupuncture,	 heat	 therapy,	 transcutaneous	 electrical	 nerve
stimulation,	 and	 immobilization.	 Those	 who	 value	 physical	 activity	 may	 find
relief	 with	 exercise,	 stretching,	 yoga,	 or	 physical	 therapy.	 Some	 may	 find
comfort	 in	relaxation	techniques,	 imagery,	support	groups,	 family	or	 individual
counseling,	 biofeedback,	 and	 psychotherapy.	 Advance	 care	 planning,	 patient
education,	 and	 emotional	 support	 are	 important	 and	 are	 considered	modalities
for	pain	relief.

Interventional	Therapies
Radiation	and	radionuclide	therapies:	Focal	pain	and	 referred	pain	 that
are	 related	 to	 bony	 metastases	 will	 generally	 respond	 to	 external-beam
radiation;	almost	half	of	patients	will	get	complete	relief	while	up	to	90%



will	 get	 at	 least	 partial	 relief.7	 Patients	 with	 evidence	 of	 spinal	 cord
compression	should	also	be	urgently	 referred	 to	a	 radiation	oncologist	 for
palliative	 radiation.	 When	 radiation	 therapy	 has	 been	 maximized	 or
metastases	are	too	widespread	for	local	treatments	to	be	effective,	bone	pain
may	be	 treated	with	 radionuclides	 like	Strontium-89.	As	with	 radiation,	 it
can	take	2–3	weeks	to	see	full	effect	of	treatment.
Interventional	 therapies,	 performed	 by	 anesthesiologists,	 interventional
radiologists,	 and	 occasionally	 surgeons,	 may	 be	 beneficial	 for	 cancer-
related	 pain.	 These	 include	 nerve	 blocks,	 spinal	 anesthetics,	 and	 surgical
procedures.	 They	 may	 be	 indicated	 when	 systemic	 medications	 are
inadequate	to	control	pain	or	when	pain	control	requires	medication	doses
high	enough	to	create	unacceptable	side	effects.

Celiac	plexus	block	is	probably	 the	most	useful	nerve	block	used	for
tumor-related	pain;	 it	 is	 indicated	 for	 pain	 from	pancreatic	 and	other
upper	abdominal	cancers.	It	is	effective	in	up	to	90%	of	cases	and	can
produce	analgesia	for	2–6	months.7	Other	plexus	blocks	are	also	done,
though	none	are	generally	considered	first-line	therapy	for	pain.
Intrathecal	 infusion	 of	 anesthetics	 allows	 reduction	 in	 dosing	 of	 oral
and	 transdermal	 medications	 and	 must	 be	 performed	 by	 an
anesthesiologist.	 In	 2011,	 an	 expert	 panel	 at	 the	 Polyanalgesic
Consensus	Conference	created	updated,	evidence-based	algorithms	for
the	 rational	 use	 of	 intrathecal	 medications	 for	 the	 treatment	 of
neuropathic	 and	 nociceptive	 pain.	 Morphine	 and	 ziconotide	 are	 the
only	agents	that	are	approved	for	intrathecal	analgesia,	but	the	use	of
other	agents	is	still	common.8
Neurosurgical	 and	 neuroablative	 techniques	 are	 only	 seen	 as	 a	 last
resort	 as	 they	 have	 the	 highest	 morbidity	 and	 mortality	 of	 the
interventional	pain	therapies.

SPECIAL	CONSIDERATIONS
Patient	 and	 caregiver	 education:	 The	 patient	 and	 family	 members	 are
generally	responsible	for	providing	much	or	most	of	the	care	in	the	patient’s
home	 setting.	 Because	 the	 patient	 is	 frequently	 dependent	 on	 family
members	for	care,	good	communication	between	the	family	and	the	health
care	team	is	essential.	 It	 is	essential	 to	evaluate	a	patient’s	support	system
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and	living	environment.
Interventions	 that	 analyze	 and	 improve	 the	 ability	 of	 a	 patient’s	 home
caretakers	 to	 assist	 them	 in	 pain	 management	 have	 been	 shown	 to	 be
effective	 in	 decreasing	 patient	 pain,	 improving	 quality	 of	 life	 for	 patients
and	caregivers,	increasing	caregiver	feelings	of	self-efficacy	in	helping	the
patient	control	pain	and	other	symptoms,	and	decreasing	levels	of	caregiver
strain.9	 Goals	 should	 be	 set	 with	 the	 patient	 and	 family	 regarding	 pain
management.	 The	 health	 care	 team’s	 ideal	 objectives	 should	 include
educating	the	patient	and	caregiver	about	cancer	pain	and	its	management
along	with	teaching	a	variety	of	pain	coping	skills	and	strategies.
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GENERAL	PRINCIPLES
Neutropenic	 fever	 is	 defined	 as	 a	 single	 temperature	 ≥38.3°C	 or	 a
temperature	 ≥38°C	 for	 >1	 hour	 in	 a	 patient	 with	 an	 absolute	 neutrophil
count	(ANC)	<500/μL	or	<1000/μL	with	a	predicted	decline	to	≤500/μL.
The	onset	of	 fever	 should	be	dated	 from	 the	 first	 day	of	 the	 last	 cycle	of
chemotherapy,	which	allows	estimation	of	the	duration	of	neutropenia.
Ten	 to	 fifty	 percent	 of	 patients	 with	 solid	 malignancies	 and	 >80%	 of
patients	 with	 hematologic	 malignancies	 will	 develop	 neutropenic	 fever
during	treatment.1
Only	in	20–30%	of	these	cases	will	a	source	of	infection	be	documented.2

Common	etiologic	agents	include	various	Staphylococcus	species,	Streptococcus
species,	 Enterococcus	 species,	 Escherichia	 coli,	 Klebsiella	 species,
Pseudomonas	 species,	 and	 anaerobes.	 The	 gastrointestinal	 tract	 is	 a	 common
source	of	bacterial	entry	owing	to	chemotherapy-induced	mucosal	damage.

DIAGNOSIS

Clinical	Presentation
History
The	history	should	focus	on	the	following:

Subtle	 symptoms	 of	 infection.	 Even	 with	 a	 severe	 bacterial	 infection,	 a



neutropenic	patient	may	have	minimal	symptoms.
Recent	 hospitalizations,	 HIV	 status	 and	 other	 comorbid	 conditions,	 prior
infections,	 exposures	 and	 travel,	 recent	 antimicrobial	 therapy	 or
prophylaxis,	as	well	as	the	date	of	last	chemotherapy.2
Determination	of	the	exact	chemotherapeutic	agents	and	doses	can	help	in
predicting	 the	severity	and	duration	of	neutropenia	and	 likelihood	 that	 the
fever	 may	 be	 a	 manifestation	 of	 a	 noninfectious	 chemotherapy-induced
adverse	event	(e.g.,	bleomycin-induced	pneumonitis).

Physical	Examination

Inflammation	may	be	subtle	to	nonexistent	because	of	the	neutropenia.2
Examine	 for	 signs	 of	 infection	 at	 commonly	 affected	 sites,	 including	 the
periodontium,	pharynx,	 lower	esophagus,	 lungs,	perineum	and	anus,	 eyes,
and	skin;	include	intravascular	access	device	sites,	bone	marrow	aspiration
sites,	and	tissue	around	the	nails.
Many	physicians	recommend	against	performing	a	digital	rectal	exam	as	it
may	induce	more	mucosal	damage	and	allow	further	bacterial	translocation.
Sinus	 tenderness	 or	 ulcers	 may	 be	 indicative	 of	 mucormycosis	 or
aspergillosis.
Right	 lower	 quadrant	 tenderness	 may	 suggest	 typhlitis	 (neutropenic
enterocolitis).

Diagnostic	Testing
Laboratories

Obtain	 a	 complete	 blood	 count	 including	 differential,	 hepatic	 function
panel,	electrolytes,	and	renal	function	tests	at	fever	onset	and	at	least	every
3	days	thereafter.2
Two	sets	of	blood	cultures	should	be	obtained	from	different	sites	(at	least
one,	preferably	both,	from	a	peripheral	blood	draw).
Also	 obtain	 a	urinalysis	 (and	urine	 culture	 in	 the	 presence	 of	 pyuria	 or
symptoms).
Gram	stain	and	culture	should	be	taken	from	any	suspicious	site.
Biopsy	with	microscopic	 evaluation	 should	be	 considered	 for	 any	new	or
undiagnosed	skin	lesions.	If	there	are	chronic	mucosal	or	soft	tissue	lesions,



samples	 should	 be	 sent	 for	 fungal	 and	 atypical	 mycobacterial	 cultures.
Vesicular	 or	 ulcerated	 lesions	 of	 the	 skin	 or	 mucosa	 should	 be	 sent	 for
herpes	simplex	virus	(HSV)	and	varicella	zoster	virus	(VZV)	testing	if	the
clinical	presentation	is	appropriate.
If	 the	patient	has	clinically	 significant	diarrhea,	 stool	 should	be	 tested	 for
Clostridium	 difficile	 toxin.	 Stool	 culture,	 ova	 and	 parasites,	 bacterial
pathogens,	 viruses,	 and	 protozoa	 can	 be	 considered	 in	 travelers,	 patients
from	endemic	regions,	or	patients	with	specific	exposures.2
Nasopharyngeal	 swabs	 for	 viral	 diagnostic	 testing	 should	 be	 obtained	 in
patients	with	symptoms	of	an	upper	respiratory	infection	in	the	winter	or	at
times	of	local	viral	outbreak.2
Cerebrospinal	 fluid	 should	 be	 obtained	 if	 there	 are	 signs	 or	 symptoms	 of
central	nervous	system	infection.2

Imaging
A	chest	radiograph	should	be	obtained	in	all	patients	with	respiratory	symptoms.
Further	imaging	should	be	guided	by	clinical	judgment.	Many	clinicians	have	a
low	 threshold	 for	 obtaining	 computed	 tomography	 scans	 of	 the	 sinuses,	 chest,
and/or	abdomen.2

TREATMENT
Risk	 assessment	 is	 important	 to	 determine	 if	 the	 patient	 needs	 to	 be
hospitalized,	as	well	as	the	duration	and	choice	of	antimicrobial	treatment.
High-risk	 patients	 are	 those	 with	 anticipated	 prolonged	 neutropenia	 (>7
days	 duration),	 significant	 clinical	 instability,	 recent	 exposure	 to
antimicrobials,	renal	or	hepatic	insufficiency,	inpatient	status	at	fever	onset,
recent	use	of	alemtuzumab,	grade	3	or	4	mucositis,	pneumonia,	new-onset
abdominal	 pain,	 or	 neurologic	 changes.	 High-risk	 patients	 should	 be
admitted	to	the	hospital	for	empiric	IV	antimicrobials.3
Low-risk	 patients	 have	 an	 anticipated	 brief	 (≤7	 days)	 duration	 of	 severe
neutropenia	 (≤100	 cells/μL),	 no	 recent	 antimicrobial	 exposures,	 no	 acute
comorbid	illness,	good	performance	status	(Eastern	Cooperative	Oncology
Group	[ECOG]	score	of	0–1),	and	no	renal	or	hepatic	impairment	and	live
in	close	proximity	to	a	hospital.	These	patients	may	initially	be	managed	in



the	outpatient	setting	with	oral	antimicrobial	agents.3

Empiric	 antimicrobial	 management:	 Empiric	 antimicrobials	 should	 be
given	 promptly	 to	 neutropenic	 patients	 because	 overwhelming	 sepsis	 can
occur	in	a	short	period	of	time.

High-risk	patients	can	be	 initially	 treated	with	monotherapy	with	an
antipseudomonal	 β-lactam	 agent,	 such	 as	 a	 carbapenem
(imipenem/cilastatin	 or	 meropenem),	 an	 antipseudomonal
cephalosporin	 (cefepime	 or	 ceftazidime),	 or	 piperacillin–
tazobactam.2,3

No	 study	 has	 demonstrated	 differences	 in	 efficacy	 between
monotherapy	 and	 multidrug	 combinations.	 However,	 if
antimicrobial	 resistance	 is	 suspected	 or	 if	 the	 patient	 has
pneumonia	or	hemodynamic	instability,	other	antimicrobials	such
as	 aminoglycosides	or	 fluoroquinolones	may	be	 added	 to	 the	β-
lactam	agent.2
Fluoroquinolone	monotherapy	is	not	recommended2
Vancomycin	 (or	 other	 active	 agent	 against	 β-lactam–resistant
gram-positive	organisms)	is	not	recommended	as	a	standard	part
of	the	initial	empiric	regimen.2	It	should	be	considered	in	patients
with	 suspected	 catheter-related	 infection,	 known	 colonization
with	 methicillin-resistant	 Staphylococcus	 aureus	 (MRSA)	 or	 β-
lactam–resistant	 Streptococcus,	 mucositis,	 skin	 and	 soft	 tissue
infection,	 pneumonia,	 hemodynamic	 instability,	 or	 a	 recent
history	 of	 fluoroquinolone	 or	 trimethoprim–sulfamethoxazole
prophylaxis.
Patients	who	remain	hemodynamically	unstable	after	initial	doses
of	 standard	 treatment	 regimens	 should	 have	 their	 antimicrobials
broadened	to	include	resistant	organisms	as	follows	(and	based	on
local	resistance	patterns)2:

MRSA:	 vancomycin,	 linezolid	 or	 daptomycin	 (not	 if
pneumonia)
Vancomycin-resistant	 Enterococcus	 (VRE):	 linezolid	 or
daptomycin	(not	if	pneumonia)
Extended	 spectrum	 β-lactamase	 (ESBL)-producing
organisms:	initial	use	of	carbapenem
Carbapenemase-producing	 organisms:	 aminoglycoside,
colistin,	or	tigecycline



Low-risk	patients	can	receive	either	PO	or	 IV	empiric	antimicrobial
regimens.2	For	oral	empiric	treatment,	a	combination	of	ciprofloxacin
plus	 amoxicillin–clavulanate	 is	 recommended.	 Other	 combinations
such	 as	 ciprofloxacin	 and	 clindamycin	 are	 commonly	 used	 but	 less
well	studied.	For	patients	 receiving	fluoroquinolone	prophylaxis,	oral
therapy	is	not	appropriate.

Subsequent	antimicrobial	management:	After	2–4	days	of	treatment,	the
course	is	determined	by	the	clinical	response	and	culture	results.	Persistent
fever	in	itself	is	not	a	clinical	indicator	of	nonresponse,	as	median	time	to
defervescence	in	responsive	patients	is	2	(solid	tumors)	to	4	(leukemia/stem
cell	 transplants)	 days.2	 Instead,	 hemodynamic	 and	 overall	 stability,
improvement	 in	 the	 initial	 symptoms	 and	 signs	 of	 infection,	 and	 culture
results	should	be	used	for	guidance.

If	pathogen	or	site	of	infection	identified,	therapy	should	be	directed
according	 to	 the	 site	 of	 infection	 and	 susceptibilities	 of	 the	 isolated
organism(s).

If	 the	 patient	 defervesces	 and	 the	 site	 of	 infection	 improves,
antimicrobials	are	continued	for	7–14	days	(or	as	appropriate	for
the	documented	infection)	or	until	the	ANC	is	>500	cells/μL	and
rising,	whichever	is	longer.2,3
If	the	patient	does	not	defervesce	or	the	site	of	infection	does	not
clinically	 improve,	 the	 patient	 should	 be	 reevaluated	 and
additional	cultures	should	be	obtained.	 If	 the	patient	 is	unstable,
infectious	 diseases	 consultation	 should	 be	 considered.2	 If	 the
patient	 is	 stable,	 continued	 monitoring	 and	 continuation	 of	 the
initial	 antimicrobial	 regimen	 are	 appropriate.	 The	 antimicrobial
regimen	should	be	adjusted	as	indicated	based	on	culture	results,
a	worsening	in	clinical	site	of	infection,	or	if	the	patient	becomes
hemodynamically	unstable.
If	vancomycin	 (or	other	gram-positive	agent)	was	 started,	 it	 can
be	 stopped	 if	 cultures	 do	 not	 grow	 a	 β-lactam–resistant	 gram
positive	and	there	is	no	clinical	site	of	infection	concerning	for	a
β-lactam–resistant	gram	positive	(e.g.,	cellulitis).2,3

If	pathogen	or	site	of	infection	not	identified:
If	 the	 patient	 responds	 to	 empiric	 treatment,	 antimicrobials	 are
continued	for	7–14	days	or	until	ANC	is	>500	cells/μL	and	rising,
whichever	is	longer.2
Low-risk	 patients	 initially	 treated	 in	 the	 outpatient	 setting	 who



become	 unstable	 or	 are	 not	 responding	 to	 empiric	 treatment
should	 be	 hospitalized	 for	 intravenous	 antimicrobials	 and
monitoring.3
High-risk	 patients	 with	 persistent	 fever	 but	 otherwise	 clinically
stable	should	be	assessed	daily,	and	cultures	should	be	obtained.
It	 is	not	necessary	to	empirically	change	antimicrobials	 in	stable
patients	 unless	 cultures	 become	 positive	 or	 a	 clinical	 site	 of
infection	becomes	apparent	indicating	a	change	is	needed.
Adding	vancomycin	in	the	absence	of	culture	results	or	a	clinical
site	 of	 infection	 concerning	 for	 the	 presence	 of	 a	 β-lactam–
resistant	 gram-positive	 organism	 is	 not	 associated	 with	 more
rapid	defervescence	and	is	not	indicated.2

Persistent	 fever:	 Once	 fever	 has	 persisted	 for	 ≥4–7	 days	 of
antimicrobials	in	patients	with	anticipated	duration	of	neutropenia	for
an	additional	≥7	days,	 antifungal	 therapy	with	activity	 against	molds
should	be	considered.2

High-risk	 patients	 with	 unexplained	 fever,	 who	 have	 not
responded	 to	 2–4	 days	 of	 treatment,	 should	 be	 assessed	 for	 a
nonbacterial	 infection,	 a	 resistant	 bacterial	 infection,	 emergence
of	 a	 secondary	 infection,	 inadequate	 tissue	 levels	 of
antimicrobials,	drug	fever,	or	infection	at	an	avascular	site.
In	 addition	 to	 a	 thorough	 physical	 exam	with	 vascular	 catheter
inspection	 (this	 should	 be	 performed	 daily),	 consider	 chest	 or
sinus	 radiographs,	 repeat	 cultures	 of	 blood	 and	 specific	 sites	 of
infection,	 and	 imaging	 of	 any	 organ	 suspected	 of	 infection.	 If
clinical	 features	 suggest	 any	of	 the	 following	disease	processes,
special	 studies	 may	 be	 done	 for	 fungal	 infections,	 Toxoplasma
gondii,	 HSV,	 cytomegalovirus	 (CMV),	 Epstein-Barr	 virus,
Enterovirus,	 enteric	 protozoa,	 Mycobacterium	 tuberculosis,
nontuberculous	mycobacteria,	and	Chlamydia	pneumoniae.

SPECIAL	CONSIDERATIONS
Available	 agents	 for	 antifungal	 therapy	 include	 amphotericin	 B	 in
liposomal	 (L-AMB),	 colloidal	 dispersion	 (ABCD)	 or	 lipid	 complex
(ABLC)	 formulation;	 the	 azoles,	 such	 as	 fluconazole	 (limited	 by	 lack	 of



1.

2.

3.

activity	 against	 molds	 and	 frequent	 use	 as	 antifungal	 prophylaxis),
itraconazole,	 voriconazole,	 posaconazole,	 and	 isavuconazole;	 and	 the
echinocandins	 caspofungin,	 anidulafungin,	 and	 micafungin	 (which	 are
limited	 by	 unreliable	 activity	 against	 opportunistic	 fungi	 other	 than
Candida	 or	 Aspergillus	 species).3	 For	 patients	 already	 receiving
prophylaxis	with	fluconazole,	switching	to	an	agent	with	antimold	activity
is	recommended.	In	patients	receiving	prophylaxis	with	an	antimold	agent
such	 as	 voriconazole	 or	 posaconazole,	 it	 is	 recommended	 to	 switch	 to	 a
different	drug	class	or	from	the	PO	to	IV	formulation	to	ensure	therapeutic
drug	levels.
Routine	 use	 of	 antivirals	 is	 not	 indicated.	 If	 skin	 or	 mucous	 membrane
lesions	are	suggestive	of	HSV	or	VZV,	 treatment	with	acyclovir	 (5	mg/kg
IV	 q8h)	 is	 indicated	 even	 in	 patients	 who	 are	 afebrile.	 All	 patients	 with
suspected	 VZV	 infection	 should	 be	 placed	 in	 negative	 pressure	 and	 on
contact	precautions.
The	 routine	 use	 of	 granulocyte	 colony-stimulating	 factor	 (G-CSF)	 or
granulocyte–macrophage	 colony-stimulating	 factor	 (GM-CSF)	 as
secondary	 prophylaxis	 (after	 neutropenia	 has	 developed)	 is	 not
recommended	because	it	has	not	been	demonstrated	to	affect	mortality.2	 It
may	decrease	hospitalization	time	and	decrease	the	duration	of	neutropenia.
Consider	use	of	G-CSF	or	GM-CSF	in	patients	with	pulmonary	infiltrates,
invasive	 fungal	 infections,	 severe	 deterioration,	 expected	 prolonged
neutropenia,	or	no	bone	marrow	recovery	after	5	days.
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GENERAL	PRINCIPLES
The	increasing	prevalence	of	glucose	intolerance	and	diabetes	in	the	United
States	 translates	 into	 rising	 numbers	 of	 hospitalized	 patients	 requiring
hyperglycemic	management.
Hospitalized	 patients	 are	 faced	 with	 many	 unique	 factors	 that	 affect
glycemic	control.

Some	of	these	include	stress-induced	epinephrine	and	cortisol	release,
medication	 use	 such	 as	 glucocorticoids	 and	 vasopressors,	 altered
activity	levels,	and	caloric	intake	changes.1
Dietary	intake	changes	may	result	from	surgery,	procedures,	or	tests.
The	use	of	parenteral	nutrition	or	continuous	enteral	nutrition	can	also
affect	blood	glucose	(BG)	control.

This	 chapter	 will	 be	 organized	 into	 management	 of	 diabetes	 in	 specific
patient	 populations	 (i.e.,	 critically	 ill	 patients,	 noncritically	 ill	 patients,
patients	with	acute	myocardial	infarction	[AMI],	etc.)

CRITICALLY	ILL	PATIENTS
Glycemic	 targets	 in	 critically	 ill	 patients	 remain	 controversial	 as
interventions	to	control	hyperglycemia	have	had	mixed	results.
Early	randomized	control	 trials	showed	that	 intensive	 insulin	 therapy	with
target	BGs	of	80–100	mg/dL	improved	survival.2
In	patients	with	sepsis,	one	trial	found	that	intense	insulin	therapy	resulted
in	risk	of	hypoglycemia	and	no	changes	in	mortality.3
The	Normoglycemia	in	Intensive	Care	Evaluation–Survival	Using	Glucose



Algorithm	 Regulation	 (NICE-SUGAR)	 trial	 challenged	 previous	 studies
supporting	 tight	 glycemic	 control	 in	 critically	 ill	 patients.	 This	 study
showed	an	increase	in	mortality	in	the	intensive	glycemic	control	group	as
well	as	a	greater	risk	of	the	serious	adverse	effects	from	hypoglycemia.4
Taking	 into	 account	 these	 variable	 trials,	 the	 American	 Association	 of
Clinical	Endocrinologists	(AACE)	and	the	American	Diabetes	Association
(ADA)	 formed	a	consensus	 statement	on	 inpatient	glycemic	control.5	The
goals	 of	 hyperglycemic	 treatment	 in	 critically	 ill	 patients	 are	 outlined	 as
follows:

Insulin	therapy	should	begin	at	BG	levels	above	180	mg/dL.
BG	levels	should	be	maintained	between	140–180	mg/dL.
BG	levels	below	110	mg/dL	should	be	avoided.
The	preferred	route	of	administration	is	IV	infusion.

When	 transitioning	 care	 from	 the	 critical	 care	 unit	 to	 the	 medicine
floor,	IV	insulin	can	be	replaced	with	subcutaneous	basal–bolus	insulin.

Continue	 IV	 insulin	 for	 at	 least	 4	 hours	 after	 long-acting	 insulin	 is
given.
The	basal	dose	should	be	20–30%	less	than	patient’s	daily	requirement
as	stress	of	critical	 illness	 increases	 insulin	 requirements.	Preprandial
insulin	should	be	initiated	at	10%	of	the	basal	dose.6

NONCRITICALLY	ILL	PATIENTS
Tight	 glycemic	 control	 for	 patients	 not	 in	 critical	 care	 units	 is	 not	 well
studied.	However,	hyperglycemia	has	been	associated	with	increased	risk	of
infection	and	prolonged	hospitalization.7
The	current	consensus	on	goals	of	hyperglycemic	treatment	in	noncritically
ill	patients	per	the	AACE/ADA	guidelines	is	as	follows:

Insulin	therapy	should	begin	at	BG	levels	above	180	mg/dL.
Pre-meal	BG	target	is	below	140	mg/dL.
Random	BG	values	should	be	maintained	below	180	mg/dL.
Reevaluate	regimen	if	BG	levels	fall	below	100	mg/dL.

The	preferred	 route	of	administration	 is	 subcutaneous	 including	basal	and
correctional	elements.
Sliding	 scale	 insulin	 (SSI)	 or	 correction	 dosing	 insulin	 regimens	 are
commonly	 ordered	 to	 supplement	 scheduled	 diabetic	 therapies.	 Be	 aware



that	 sliding	 scale	 is	 given	 in	 response	 to	 existing	 hyperglycemia	 and
requires	reevaluation	of	basal	insulin	dosing.

The	 Randomized	 Study	 of	 Basal–Bolus	 Insulin	 Therapy	 in	 the
Inpatient	Management	of	Patients	with	Type	2	Diabetes	 (RABBIT	2)
trial	 showed	 that	 retreatment	 with	 basal–bolus	 insulin	 was	 more
effective	than	SSI	alone.8
More	optimal	management	is	to	anticipate	hyperglycemia	and	increase
longer-acting	insulin	analogs	or	preprandial	short-acting	analogs.

Management	of	Patients	Tolerating	PO
BG	monitoring	through	point-of-care	meters	should	occur	before	meals	and
at	bedtime.
Patients	 who	 are	 managed	 on	 diet	 therapy	 alone	 at	 home	 should	 be
continued	on	a	diabetic	diet	with	regular	BG	monitoring	while	in	hospital.

A	sliding	scale/supplemental	insulin	regimen	may	be	used	for	elevated
BG	glucose	levels	above	180	mg/dL.
If	persistent	hyperglycemia	occurs,	 initiation	of	basal	 insulin	may	be
required.

Oral	 agents	 should	 typically	 be	 discontinued	 during	 hospitalization
especially	 in	 patients	 experiencing	 renal	 failure,	 hemodynamic	 instability,
or	contrast	requiring	imaging.
Patients	requiring	insulin	at	home	should	continue	with	an	insulin	regimen
when	hospitalized.

One	method	 is	 to	 use	weight-based	 insulin	 dosing.	The	basal	 insulin
dose	 is	 calculated	 as	 0.2–0.3	 units/kg/d	 of	 insulin	 glargine	 every	 24
hours	 or	 neutral	 protamine	Hagedorn	 (NPH)	 insulin	 every	 12	 hours.
This	should	be	combined	with	preprandial	 insulin	dosing	at	0.05–0.1
units/kg	 per	 meal	 of	 short-acting	 insulin	 lispro,	 aspart,	 or	 regular
insulin.9
The	 other	 method	 is	 to	 reduce	 a	 patient’s	 home	 insulin	 regimen	 by
20%.
To	minimize	 risk	of	hypoglycemia,	 a	patient’s	daily	 insulin	dose	can
be	calculated	using	both	methods	and	initiating	the	one	with	the	lower
insulin	requirement.
Sliding	scale	or	correctional	insulin	can	be	used	in	addition	and	dosing
depends	 on	 insulin	 sensitivity.	The	 1700	 rule,	 calculated	 by	 dividing



1700	by	the	total	daily	insulin	requirement,	approximates	the	decrease
in	glucose	with	1	unit	of	insulin.	This	can	be	used	to	choose	between
low,	medium,	and	high	sliding	scales.10

Adjustments	to	insulin	regimens	may	need	to	be	made	regularly.
Basal	insulin	dose	should	be	adjusted	based	on	fasting	glucose.
BG	measurements	 prior	 to	meals	 represent	 the	 efficacy	 of	mealtime
insulin	given	before	the	prior	meal.	For	example,	the	BG	level	prior	to
dinner	is	reflective	of	the	lunchtime	insulin	dose.

Management	of	Patients	Who	Will	Be	NPO
Patients	with	 type	II	diabetes	mellitus	will	still	 require	basal	 insulin	while
being	 NPO.	 Glargine	 or	 detemir	 is	 preferred	 over	 NPH	 in	 NPO	 patients
given	their	relative	stable	effects.	Pre-meal	insulin	should	be	discontinued.
Type	1	diabetic	patients	sometimes	require	both	glucose	and	basal	insulin	to
prevent	catabolism	and	ketogenesis.

Long-acting	basal	insulin	should	be	continued	to	avoid	development	of
diabetic	ketoacidosis.
Ketogenesis	can	be	avoided	by	using	two	primary	infusion	types.

Fixed-rate	 infusion	 uses	 glucose/insulin/potassium	 (GIK)
solution.	 This	 consists	 of	 500	mL	D5W,	 10	mmol	KCl,	 and	 15
units	 of	 short-acting	 insulin	 run	 at	 a	 rate	 of	 100–150	mL/hour.
The	 amount	 of	 insulin	 in	 the	 solution	 is	 adjusted	 depending	 on
BG	 levels.	 However,	 GIK	 fixed-rate	 infusion	 is	 limited	 by	 the
need	to	replace	the	entire	solution	bag	for	any	change	in	amount
of	insulin.
Variable-rate	 infusion	uses	dextrose	 fluid	and	 insulin	 in	separate
solution	 bags.	D5W	 is	 set	 at	 a	 rate	 of	 150	mL/hour,	 and	 short-
acting	 insulin	 infusion	would	 be	 set	 at	 0.5–1	 units/hour.	 Insulin
infusion	 can	 be	 adjusted	 by	 0.3–0.5	 units/hour	 as	 needed	 for	 a
target	BG	 range	 of	 120–180	mg/dL.	 If	 ketonuria	 develops,	 it	 is
treated	by	increasing	the	glucose	rate.

PATIENTS	 WITH	 ACUTE



MYOCARDIAL	INFARCTION
Recommendations	for	glycemic	control	in	patients	with	AMI	are	difficult	to
delineate	because	of	varying	study	designs	and	outcomes.
Although	 the	Diabetes	 and	 Insulin-Glucose	 Infusion	 in	Acute	Myocardial
Infarction	(DIGAMI	1)	study	showed	a	mortality	 reduction	with	 intensive
insulin	therapy,	 the	DIGAMI	2	trial	failed	to	show	the	same	result.11,12	 In
the	 later	study,	however,	 recruitment	goals	and	the	primary	 treatment	goal
were	not	met.
The	 Hyperglycemia	 Intensive	 Insulin	 Infusion	 in	 Infarction	 (Hi-5)	 study
and	 the	 Clinical	 Trial	 of	 Metabolic	 Modulation	 in	 Acute	 Myocardial
Infarction	 Treatment	 Evaluation—Estudios	 Cardiologicos	 Latinoamerica
(CREATE-ECLA)	 study	 failed	 to	 show	 a	mortality	 benefit	with	 intensive
glucose	 control	 in	 patients	 with	 AMI.	 The	 Hi-5	 study	 did	 demonstrate	 a
lower	rate	of	heart	 failure	and	reinfarction	 in	patients	with	 tighter	glucose
control.13,14

MANAGEMENT	 OF	 DIABETES	 IN
THE	PERIOPERATIVE	PERIOD
The	 primary	 goal	 of	 BG	management	 in	 the	 perioperative	 setting	 is	 to	 avoid
hypoglycemia,	 excessive	 hyperglycemia,	 ketogenesis,	 catabolism,	 and
electrolyte	abnormalities.

Key	 factors	 must	 be	 known	 that	 will	 affect	 the	 timing	 and	 type	 of
hyperglycemic	 treatment	 needed.	 Some	 of	 these	 include	 the	 duration	 of
surgery,	 the	 type	 of	 anesthesia	 planned,	 anticipated	 resumption	 time	 of
caloric	 intake,	 and	 activity	 level.15	 Please	 see	 Table	 39-1	 for	 the
management	of	diabetes	in	the	setting	of	short	procedures.
It	 is	 also	 important	 to	 evaluate	 the	 potential	 long-term	 complications	 of
diabetes	 (microvascular,	 macrovascular,	 and	 neuropathic)	 that	 may
potentiate	surgical	risk.

Cardiovascular	 risk	 assessment	 must	 be	 given	 special	 priority,	 as
undiagnosed	 coronary	 artery	 disease	 and	 silent	 ischemia	 are	 more



prevalent	among	diabetics.16
Renal	 dysfunction	 from	 diabetic	 nephropathy	 may	 also	 be
undiagnosed;	hence,	assessment	is	needed.
Diabetic	autonomic	neuropathy	may	adversely	affect	the	postoperative
phase	and	has	been	associated	with	excess	nonsurgical	mortality.

Studies	 to	 evaluate	 metabolic,	 renal,	 and	 cardiac	 status	 should	 include
electrolytes,	 renal	 function,	 BG	 levels,	 urinalysis	 for	 ketones/proteinuria,
and	 an	 electrocardiogram.	 It	 is	 essential	 to	 correct	 any	 underlying
hypoglycemia;	 excessive	 hyperglycemia;	 and	 electrolyte,	 metabolic,	 and
volume	abnormalities	prior	to	surgery.
Further	cardiac	risk	stratification	may	also	be	warranted.	One	study	showed
that	 an	 elevated	 preoperative	 BG	 level	 ≥200	 mg/dL	 was	 associated	 with
deep	 sternal	wound	 infection	 following	 coronary	 artery	bypass	 grafting.17
However,	 in	 patients	with	 chronically	 poor	 diabetic	 control,	 the	 effect	 on
patient	outcome	of	 rapid	normalization	of	BG	 levels	preoperatively	 is	not
well	established.18–20

TABLE	 39-1	 MANAGEMENT	 OF	 DIABETES	 MELLITUS	 FOR
SHORT	PROCEDURES



MANAGEMENT	 OF
GLUCOCORTICOID-INDUCED
DIABETES	MELLITUS

Many	 patients	with	mild	 glucose	 intolerance	may	 develop	 hyperglycemia
with	the	initiation	of	glucocorticoid	therapy.21
Nondiabetics	who	 experience	BG	 levels	 between	 140–200	mg/dL	 shortly
after	 initiation	 of	 high-dose	 glucocorticoids	may	 be	 observed,	 because	 β-
cell	 adaptation	 may	 correct	 the	 metabolic	 derangement	 in	 1–2	 weeks.	 If
normoglycemia	 is	 not	 obtained,	 therapy	 is	 indicated.	 Therapy	 should	 be
initiated	in	patients	with	glucose	levels	>200.



Typically,	mealtime	 insulin	will	need	 to	be	adjusted	as	postprandial	 levels
are	most	affected.
Poorly	 controlled	 diabetics	 starting	 glucocorticoid	 therapy	 should	 have
anticipatory	 increases	 in	 diabetic	 therapy.	 Even	 well-controlled	 diabetics
receiving	more	 than	 the	 equivalent	 of	 20	mg	 of	 prednisone	 daily	 should
have	 a	 20%	 increase	 in	 their	 insulin	 doses	 or	 advancement	 of	 their	 oral
therapy.
The	 hyperglycemic	 effects	 of	 oral	 glucocorticoids	 should	 remit	 48	 hours
after	cessation	of	 therapy.	IM	and	intra-articular	glucocorticoids	may	have
effects	lasting	<10	days.

MANAGEMENT	OF	 INPATIENTS	ON
ALIMENTARY	FEEDINGS

Patients	 on	 total	 parental	 nutrition	 (TPN)	 also	 require	 appropriate	 insulin
therapy	especially	given	their	higher	risk	for	hyperglycemia.

Regular	 insulin	 as	 calculated	 as	 0.1	 unit	 for	 every	 gram	 of
carbohydrate	 or	 from	 the	 daily	 insulin	 requirement	 can	 be	 added
directly	into	the	TPN	solution.	Titration	of	insulin	in	the	TPN	can	be
done	as	needed.
Patients	 previously	 on	 insulin	 can	 receive	 40%	 of	 their	 total	 daily
insulin	as	basal	dose	given	subcutaneously	and	the	remainder	in	TPN.

Patients	on	continuous	enteral	feedings	also	require	insulin	therapy.	The	use
of	a	basal	insulin	dosing	regimen	and	sliding	scale	is	useful	in	most	cases.
However,	 if	 there	 is	 concern	 for	 feeding	 limitations	 or	 possible	 feeding
interruptions,	the	use	of	only	a	sliding	scale	regimen	may	be	needed.	Or,	if
basal	 insulin	 is	 used,	 substitute	 IV	 dextrose	 solution	 with	 a	 similar
carbohydrate	amount	as	the	missing	enteral	feeds.

TRANSITION	 TO	 OUTPATIENT
MANAGEMENT
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Insulin	regimens	should	be	reviewed	with	patients	with	written	and	verbal
instructions	prior	to	discharge	to	prevent	medication	error.
Patients	 should	 follow	 with	 a	 primary	 care	 physician	 or	 endocrinologist
within	1	month	of	discharge	from	the	hospital.
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Hyperthyroidism

GENERAL	PRINCIPLES
Hyperthyroidism	is	defined	by	increased	circulating	levels	of	T4	and/or	T3.
T4	 is	 a	 prohormone	 that	 is	 peripherally	 monodeiodinated	 to	 the	 active
hormone,	T3.
Hyperthyroidism	 can	 be	 up	 to	 10	 times	more	 common	 in	women	 than	 in
men.1
Excess	 thyroid	 hormone	 has	 been	 associated	 with	 osteoporosis,	 cardiac
arrhythmias	(especially	atrial	fibrillation),	angina,	and	heart	failure.2
Subclinical	 hyperthyroidism	 (thyroid-stimulating	 hormones	 [TSH]	 below
the	lower	limit	but	normal	T4	and	T3)	can	solely	be	a	laboratory	diagnosis,
with	no	definite	signs	or	symptoms	of	hyperthyroidism.3,4

Under	 normal	 circumstances,	 the	 pulsatile	 secretion	 of	 hypothalamic
thyrotropin	releasing	hormone	(TRH),	which	stimulates	the	pituitary	TSH,
is	maintained	 in	balance	by	 feedback	from	the	 thyroid	gland	end	product,
T3	and	T4.4
The	 etiologies	 of	 increased	 circulating	 thyroid	 hormone	 can	 be	 broken
down	into	disorders	that	involve	heightened	production	of	T4	(Table	40-1),
augmented	release	of	preformed	hormone	from	the	thyroid	gland	(Table	40-
2),	and	exogenous	sources.
Graves	 disease	 (GD)	 is	 the	 most	 common	 cause	 of	 hyperthyroidism
especially	 in	 young	 patients.	 Incidence	 of	 toxic	 multinodular	 goiter



increases	with	age.	Secondary	hyperthyroidism	is	extremely	rare.5

TABLE	 40-1	 DISORDER	 OF	 INCREASED	 THYROXINE
PRODUCTION

TABLE	 40-2	 DISORDERS	 OF	 INCREASED	 PREFORMED
HORMONE	RELEASE



DIAGNOSIS

Clinical	Presentation
History

Symptoms	may	 include	weight	 loss,	 heat	 intolerance,	 increased	 sweating,
anxiety,	 insomnia,	 palpitations,	 dyspnea,	 diarrhea,	 tremor,	 and
oligomenorrhea.6
They	are	often	less	pronounced	in	the	elderly	(apathetic	hyperthyroidism).7
A	 thorough	 medication	 history	 is	 important	 because	 several	 medications
alter	thyroid	hormone	physiology	(Table	40-3).8
Thyroid	storm	 is	 an	 overwhelming	manifestation	 of	 thyrotoxicosis,	with
fever,	 tachycardia,	 delirium,	 and	 systemic	 symptoms	 such	 as	 nausea	 and
vomiting.5	It	often	presents	in	patients	with	underlying	hyperthyroidism	in
whom	additional	T4	release	is	precipitated	by	severe	stress	such	as	surgery,
infection,	stroke,	diabetic	ketoacidosis,	parturition,	administration	of	iodine



contrast,	 or	 withdrawal	 of	 thyroid	 medication.	 It	 may	 also	 be	 seen	 in
patients	being	treated	for	hyperthyroidism	who	are	noncompliant	with	their
antithyroid	medications	or	are	on	an	inadequate	regimen.4

TABLE	40-3	DRUGS	AFFECTING	THYROID	FUNCTION

TBG,	thyroid-binding	globulin.
Data	from	Surks	M,	Sievert	R.	Drugs	and	thyroid	function.	N	Engl	J	Med	1995;333:1688–94.

Physical	Examination



Exam	may	reveal	tachycardia,	sometimes	consistent	with	atrial	fibrillation,
or	hypertension.	Fever,	hypotension,	or	delirium	suggest	thyroid	storm.
Assess	the	thyroid	for	tenderness,	nodules,	or	enlargement.	Size	can	range
from	 normal	 in	 an	 elderly	with	GD	 or	with	 exogenous	 source	 of	 thyroid
hormone	to	massive	with	diffuse	or	nodular	goiter.
Listen	for	bruit	over	the	thyroid,	which	may	occur	in	GD.
Other	findings	may	include	proptosis	(due	to	Graves	ophthalmopathy),	 lid
lag,	 smooth/warm	 skin,	 infiltrative	 dermopathy	 (pretibial	 myxedema
specific	 to	GD),	 onycholysis,	 proximal	muscle	weakness,	 and	 tremor.5	 A
brisk	uptake	and	 release	of	 the	deep	 tendon	 reflexes	are	commonly	 found
and	may	be	best	examined	at	the	Achilles	tendon.

Diagnostic	Testing
Laboratories

The	thyroid-stimulating	hormones	(TSH)	are	used	for	initial	screening,
followed	 by	 free	 T4	 (FT4)	 with	 or	 without	 free	 T3	 (FT3)	 if	 TSH	 is
abnormal	or	if	there	is	high	suspicion	of	hyperthyroidism.	At	steady	state,	a
normal	TSH	excludes	hyperthyroidism.	See	Table	40-4	for	patterns.
Hyperthyroidism	 may	 be	 due	 to	 elevated	 FT3	 alone,	 so	 it	 should	 be
measured	if	the	TSH	is	suppressed	but	the	FT4	is	normal.5
TSH	may	be	suppressed	in	severe	nonthyroidal	illnesses.1
Associated	 lab	 abnormalities	 in	 hyperthyroidism	 could	 show	 an	 elevated
alkaline	 phosphatase,	 normochromic	 normocytic	 anemia,	 decreased	 high-
density	 lipoprotein	 and	 total	 cholesterol,	 hypercalcemia,	 and	 elevated
transaminases.1,4,9
In	 thyroid	storm,	 there	may	be	an	elevated	white	blood	cell	 (WBC)	count
and	associated	adrenal	insufficiency.5	Consider	cosyntropin	stimulation	test
to	evaluate	the	adrenal	axis	(see	Chapter	41).
Thyroid	 receptor	 antibody	 can	 be	 tested	 in	 ambiguous	 circumstances	 of
elevated	 thyroid	 hormones	 as	 management	 may	 vary	 (i.e.,	 symptoms
preceded	by	viral	illness	resulting	in	viral	thyroiditis	is	managed	differently
than	GD).	 Positive	 thyroid	 receptor	 antibody	 has	 sensitivity/specificity	 of
>90%	for	GD;	normal	levels	may	be	present	in	early	or	mild	cases.	Up	to
50%	 of	 those	 with	 GD	 may	 also	 be	 positive	 for	 thyroid	 peroxidase
antibody.10



TABLE	 40-4	 PATTERNS	 OF	 THYROID	 FUNCTION	 TESTS	 IN
THYROID	DISORDERS

↑,	increased;	↓,	decreased;	↔,	unchanged.

Imaging

Radioactive	iodine	(RAI)	uptake	nuclear	scan	may	prove	most	useful	with
nodular	thyroid	disease.
Functioning	 or	 hyperproducing	 areas	 of	 the	 thyroid	 are	 seen	 on	 the	 scan,
whereas	nonfunctioning	or	“cold”	areas	are	not	visualized.	The	pattern	may
suggest	 diffuse	 uptake	 (GD)	 or	 hyperfunctioning	 nodules	 (toxic
multinodular	goiter).
Low	uptake	is	seen	with	preformed	release	or	exogenous	sources	of	T4.
RAI	is	contraindicated	in	pregnancy.5

TREATMENT

Medications
β-Blockers	provide	symptomatic	relief	of	tachycardia	and	tremor.	Titrate	to
effect	or	heart	rate	of	80–90	starting	at	a	low	dose	(e.g.,	propranolol	20	mg
PO	tid	or	atenolol	25	mg	PO	qd).

Verapamil	 may	 be	 used	 to	 control	 tachycardia	 in	 patients	 with



contraindication	to	β-blockers.5
Graves	 hyperthyroidism	 can	 be	 treated	 with	 thionamide	 drugs,	 RAI,	 or
thyroidectomy,	and	benefits	and	risks	of	each	should	be	fully	considered.
For	 toxic	 adenoma	 or	 toxic	 multinodular	 goiter,	 RAI	 or	 surgery	 is	 the
treatment	of	choice.2
The	 antithyroid	 thionamide	 drugs,	 propylthiouracil	 (PTU)	 and
methimazole,	 inhibit	the	synthesis	of	thyroid	hormone	by	interfering	with
iodination	of	thyroglobulin	and	may	have	immunosuppressive	effects.5

PTU	also	blocks	 the	peripheral	conversion	of	T4	 to	T3.11	 It	 is	dosed
100	mg	PO	tid.
Methimazole	 is	 typically	 dosed	 10–30	 mg	 PO	 daily.	 Except	 in
pregnancy,	methimazole	is	preferable	to	PTU,	owing	to	its	once-daily
dosing,	fewer	side	effects,	and	more	rapid	onset	of	action.5
Thionamides	 may	 be	 used	 as	 primary	 treatment	 in	 GD	 or	 in
preparation	 for	 radioactive	 or	 surgical	 ablation.	 Pretreatment	may	 be
particularly	 important	 in	 the	 elderly	 and	 those	 with	 cardiac	 disease
because	 of	 the	 potential	 for	 exacerbation	 of	 hyperthyroidism	 with
radioiodine	or	surgery.2
Agranulocytosis,	while	 infrequent,	can	occur	with	either	drug	at	any
time	during	therapy,	usually	early	on.	Although	routine	monitoring	is
generally	 not	 recommended,	WBC	 count	 with	 differential	 should	 be
obtained	with	febrile	illnesses.
PTU	infrequently	causes	severe	hepatitis;	methimazole	 rarely	causes
cholestasis.
Follow-up	should	be	monthly	with	monitoring	of	thyroid	function	until
the	patient	is	euthyroid;	thereafter,	monitoring	can	be	less	frequent.	Of
note,	TSH	 levels	may	be	 suppressed	 for	weeks	 to	months;	 therefore,
T3	 and	 T4	 are	 better	 early	 measures	 of	 treatment	 success.	 T3
sometimes	remains	elevated	longer	that	T4.
Once	 control	 is	 achieved,	 dosages	 may	 be	 decreased	 to	 avoid
hypothyroidism.
Remission	 of	 GD	 may	 be	 achieved	 in	 some	 patients	 after	 12–18
months	of	being	on	the	antithyroid	drug.	Tapering	and	discontinuation
of	 the	medication	 can	 be	 attempted	 at	 this	 point.	 Patients	 should	 be
monitored	for	relapse,	which	usually	occurs	in	the	initial	3–6	months
after	stopping	treatment.5



Other	Nonpharmacologic	Therapies
Radioactive	 iodine	 (131I)	ablation	 is	a	definitive	 therapy	 for	multinodular
toxic	goiter	and	GD.5	Recurrence	rate	can	be	high,	and	follow-up	for	return
of	 symptoms	 of	 hyperthyroidism	 and	 posttherapy	 hypothyroidism	 is
important.2

Surgical	Management
Total	 or	 subtotal	 thyroidectomy	 may	 be	 performed	 if	 the	 previously
mentioned	 therapies	are	contraindicated	or	have	failed,	 there	 is	significant
mass	 effect	 from	 the	 goiter,	 or	 if	 it	 is	 needed	 for	 coexisting	 reasons	 like
malignancy.12
The	 surgery	 itself	 may	 trigger	 a	 perioperative	 exacerbation	 of
hyperthyroidism.6	Patients	should	be	prepared	for	the	procedure	by	one	of
two	methods:

A	 thionamide	until	 the	patient	 is	 nearly	 euthyroid	 and	 supersaturated
potassium	 iodide	 (SSKI)	 added	 1–2	 weeks	 before	 surgery	 (SSKI
reduces	 vascularity	 of	 the	 thyroid	 in	 GD	 but	 is	 not	 used	 in
multinodular	toxic	goiter	where	the	gland	tends	to	be	less	vascular5)
β-Blocker	and	SSKI	for	1–2	weeks	before	surgery

SPECIAL	CONSIDERATIONS
Preoperative	management

Patients	 with	 well-controlled	 hyperthyroidism	 have	 no	 significant
increase	in	operative	morbidity	or	mortality.
Those	 with	 uncontrolled	 disease	 are	 at	 high	 risk	 for	 perioperative
thyroid	 storm.	 Elective	 surgery	 should	 be	 postponed	 until	 they	 are
euthyroid.	 If	 surgery	 cannot	 be	 delayed,	 many	 clinicians	 consult
endocrinology	 and	 treat	 preoperatively	 with	 a	 loading	 dose	 of
antithyroid	medication,	stress-dose	steroids,	SSKI,	and	β-blocker.13

Thyroid	storm
Thyroid	 storm	 and	 hyperthyroidism	 exacerbating	 congestive	 heart



failure	and	acute	coronary	syndromes	require	urgent	therapy.
To	decrease	T4	levels,	thionamides	(e.g.,	PTU	500	mg	load	and	then
250	mg	q4h	PO)	followed	1	hour	later	by	SSKI	(250	mg	q6h	PO)	are
used	to	block	the	release	of	T4	and	T3	from	the	thyroid.
Stress-dose	 steroid	 (e.g.,	 hydrocortisone	 100	 mg	 q8h	 IV)	 is	 often
administered,	which	may	 treat	an	underlying	adrenal	 insufficiency	as
well	as	decrease	peripheral	conversion	of	T4	to	T3.
β-Blockers	 should	 be	 strongly	 considered	 (e.g.,	 propranolol,	 60–80
mg	PO	q4h).5

Subclinical	hyperthyroidism
Subclinical	 hyperthyroidism	 has	 been	 associated	with	 progression	 to
overt	hyperthyroidism,	atrial	fibrillation,	reduced	bone	mineral	density,
and	possibly	increased	cardiovascular	mortality.7,14	The	data,	however,
are	of	variable	strength	and	sometimes	conflicting.
Treatment	 is	 recommended	 when	 the	 TSH	 is	 <0.1,	 particularly	 for
those	 >60	 years	 of	 age	 and	 those	with	 or	 at	 increased	 risk	 for	 heart
disease	and/or	reduced	bone	mineral	density.1

Hypothyroidism

GENERAL	PRINCIPLES
Hypothyroidism	is	defined	as	deficient	secretion	of	T4	by	the	thyroid.	The
majority	of	the	cases	occur	in	women.
Subclinical	 hypothyroidism	 is	 a	 laboratory	 diagnosis	 (TSH	 above	 the
upper	limit	but	FT4	and	T3	within	normal	limits);	theoretically,	symptoms
should	be	absent,	although	some	studies	suggest	an	increase	in	nonspecific
findings.	Also,	median	TSH	 is	higher	 in	 the	elderly;	however,	 there	 is	no
age-based	standard	reference.
Subclinical	 hypothyroidism	 may	 progress	 to	 overt	 hypothyroidism	 and
therefore	should	be	monitored.14

Deficient	secretion	of	T4	can	result	from	impaired	TSH	stimulation	of	the



thyroid	gland	or	reduction	of	T4	production	or	release.6
The	vast	majority	of	cases	are	primary	in	origin	(Table	40-5).
Hashimoto	 thyroiditis	 (chronic	 lymphocytic	 thyroiditis)	 is	 the	 most
prevalent	 form	of	 hypothyroidism	with	 goiter	 in	 the	United	States	 and	 in
other	iodine-sufficient	areas.
Iatrogenic	 hypothyroidism	 from	 thyroidectomy	 or	 131I	 treatment	 is	 also
very	common.6
Painful	 subacute	 thyroiditis	due	 to	a	preceding	viral	 illness	or	postpartum
thyroiditis	can	cause	transient	hypothyroidism.5
Secondary	and	tertiary	causes	are	rare	and	include	pituitary	macroadenoma,
empty	 sella	 syndrome,	 pituitary	 infarction	 (Sheehan	 syndrome),	 radiation,
or	surgery	and	often	occur	with	other	evidence	of	pituitary	disease.6

TABLE	40-5	CAUSES	OF	PRIMARY	HYPOTHYROIDISM



DIAGNOSIS



Clinical	Presentation
History

Symptoms	 may	 include	 fatigue,	 somnolence,	 poor	 memory,	 weight	 gain
(usually	mild),	depression,	cold	intolerance,	hoarseness	(with	a	compressive
goiter),	constipation,	and	menorrhagia.6
Most	 signs	 and	 symptoms	 have	 an	 insidious	 onset.	 Inquire	 about	 anginal
symptoms	 or	 coronary	 artery	 disease	 as	 therapy	 for	 hypothyroidism	may
worsen	cardiac	ischemia.11
A	medication	history	is	essential,	because	thyroid	hormone	physiology	may
be	altered	by	several	drugs	(Table	40-3).
In	 its	most	severe	form,	hypothyroidism	is	called	myxedema	coma,	often
presenting	 with	 hypotension,	 heart	 failure,	 and	 altered	 mental	 status.
Precipitating	 factors	 include	 severe	 infection,	 surgery,	 trauma,	 stroke,	 and
medications.6

Physical	Examination

Findings	 may	 include	 slight	 bradycardia,	 goiter	 (painful	 in	 subacute
thyroiditis),	 lateral	 eyebrow	 thinning,	 dry	 skin,	 myxedema	 skin	 changes
(with	 severe	 disease),	 muscle	 weakness,	 pericardial	 or	 pleural	 effusions,
and	slowed	relaxation	of	deep	tendon	reflexes.11,13
Hypothermia,	bradypnea,	depressed	mental	status,	and	ileus	may	all	be	seen
with	 myxedema	 coma.	 Notably,	 myxedema	 and	 coma	 per	 se	 are	 not
requirements	 for	 the	 clinical	 diagnosis	 of	 myxedema	 coma,	 but	 some
alteration	in	mental	status	is	expected.6

Diagnostic	Testing

TSH	is	used	for	 initial	screening.	At	steady	state,	a	normal	TSH	excludes
primary	hypothyroidism.11
FT4	 should	 be	 obtained	 next	 if	 the	 TSH	 is	 high	 or	 there	 is	 suspicion	 of
central	hypothyroidism.15
TSH	is	elevated	in	primary	hypothyroidism.	A	combination	of	low	TSH	and
low	FT4	is	seen	in	central	hypothyroidism	(Table	40-4).
Antithyroid	 antibodies	 (antiperoxidase	 being	 most	 specific)	 can	 help



confirm	 the	 diagnosis	 of	 Hashimoto	 thyroiditis	 but	 does	 not	 need	 to	 be
checked	routinely.9
High	 erythrocyte	 sedimentation	 rate	 and	 C-reactive	 protein	 are	 seen	 in
subacute	thyroiditis.5
Associated	 abnormalities	 in	 hypothyroidism	 may	 include
hypercholesterolemia	 (increased	 low-density	 lipoprotein	 and	 total
cholesterol,	 reduction	 in	 high-density	 lipoprotein),	 mild	 normochromic
normocytic	anemia,	hyponatremia,	increased	creatine	kinase,	and	increased
lactate	dehydrogenase.6
Consider	 testing	 adrenal	 axis	 in	 selected	 cases	 to	 rule	 out	 other	 pituitary
hormone	deficiencies.

TREATMENT
Levothyroxine	is	the	drug	of	choice.11

The	 therapeutic	 dose	 is	 generally	 1.6–1.7	 mcg/kg	 PO	 daily.	 Start
therapy	at	50–100	mcg/d,	with	the	lower	dose	used	for	the	elderly.
In	 patients	with	 coronary	 artery	 disease,	 a	 starting	dose	 of	 25	mcg/d
PO	 is	 recommended,	 as	 replacement	 of	 T4	 can	 precipitate	 cardiac
ischemia.
Doses	often	need	to	be	increased	during	pregnancy.
TSH	 should	 be	 monitored	 and	 dose	 changed	 by	 12.5–25	 mcg
increments	at	6-week	intervals	until	the	patient	is	euthyroid.
Changing	formulation	of	levothyroxine	may	result	in	alteration	in	the
control	of	hypothyroidism.

There	 is	 a	 lack	 of	 well-controlled	 research	 showing	 that	 combination	 of
levothyroxine	plus	liothyronine	is	any	more	efficacious	than	levothyroxine
alone,	 although	 in	 certain	 circumstances	 such	 as	 myxedema,	 expert
opinions	may	vary.
Treatment	with	desiccated	thyroid	is	not	recommended	owing	to	its	variable
potency	and	bioavailability.
In	 central	 hypothyroidism,	 thyroid	 hormone	 replacement	 should	 be	 based
on	normalization	of	T4	level;	concomitant	glucocorticoid	therapy	should	be
started	if	adrenal	insufficiency	is	present.
The	 discomfort	 of	 painful	 subacute	 thyroiditis	 may	 be	 treated	 with
nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 or,	 in	 severe	 cases,



glucocorticoids.	Levothyroxine	is	often	not	necessary	for	the	mild,	transient
hypothyroidism	seen	in	painful	subacute	thyroiditis.16

SPECIAL	CONSIDERATIONS
Perioperative	management

Patients	with	mild	hypothyroidism	do	well	perioperatively.
Those	 with	 severe	 hypothyroidism	 should	 have	 elective	 surgery
delayed	until	they	are	symptomatically	improved.
If	 surgery	 cannot	 be	 delayed,	 patients	may	 be	 treated	 preoperatively
with	a	loading	dose	of	T3	and	T4	intravenously,	along	with	stress	dose
of	 steroids	 if	 the	 status	 of	 the	 pituitary	 adrenal	 axis	 is	 uncertain.
Afterwards,	 they	may	 be	 switched	 to	 a	maintenance	 dose	 of	 thyroid
hormone.	 Symptoms	 of	 hypothyroidism	 and	 the	 magnitude	 of	 TSH
elevation	should	help	guide	selection	of	the	loading	dose.	The	effects
of	levothyroxine	last	for	several	days	and	cumulative	levels	can	build
up	rapidly.13

Myxedema	coma
Provide	 urgent	 supportive	 measures,	 including	 intensive	 care	 unit
monitoring.	 Hemodynamic	 assessment	 and	 mechanical	 ventilation
may	be	necessary.
Check	 a	 random	 cortisol	 to	 evaluate	 for	 associated	 adrenal
insufficiency.	Stress-dose	steroids	are	generally	given.
Thyroid	hormone	is	replaced	with	levothyroxine,	50–100	mcg	IV	q6–
8h	 for	 24	 hours	 initially,	 and	 then	 75–100	mcg	 IV	 daily	 until	 the
patient	is	able	to	take	medications	PO	reliably.
Some	 favor	 prescribing	 both	 levothyroxine	 and	 liothyronine	 during
acute	 situation.	 Loading	 dose	 of	 liothyronine	 at	 5–20	 mcg	 is
followed	by	2.5–10	mcg	 IV	every	8	hours,	with	 care	 to	 avoid	high
serum	T3	level	as	that	is	associated	with	increased	mortality.
T3	 and	 T4	 should	 be	 measured	 every	 1–2	 days	 to	 follow	 treatment
progress.11

Subclinical	hypothyroidism
Treatment	of	subclinical	hypothyroidism	is	controversial	and	based	on
limited	data.
Some	advocate	treatment	when	the	TSH	is	>10	mIU/L;	most	patients,



however,	will	have	minor	TSH	elevations	between	5	and	10	mIU/L.1
Treatment	may	also	be	tried	in	those	individuals	with	lesser	elevations
of	 TSH	 with	 symptoms	 potentially	 referable	 to	 hypothyroidism	 or
hypercholesterolemia.17
Care	should	be	taken	to	avoid	inducing	subclinical	hyperthyroidism.11
Treatment	is	recommended	in	pregnancy.18

Euthyroid	Sick	Syndrome

GENERAL	PRINCIPLES
Euthyroid	 sick	 syndrome	 is	 defined	 as	 changes	 in	 thyroid	 function	 tests
associated	with	systemic	illness,	surgery,	or	fasting.19	Signs	and	symptoms
of	thyroid	dysfunction	are	absent.
There	 is	some	controversy	regarding	 this	 term,	since	whether	or	not	 these
patients	are	truly	euthyroid	is	unclear.
This	 is	 one	 of	 the	 most	 common	 causes	 of	 thyroid	 test	 abnormalities	 in
inpatients.

DIAGNOSIS
Typical	 changes	 in	 thyroid	 function	 tests	 seen	 with	 nonthyroidal	 illness	 may
include	the	following20:

TSH	 levels	 may	 be	 low,	 although	 undetectable	 levels	 usually	 indicate
primary	thyroid	disease.	A	transient	increase	may	be	seen	during	recovery
from	illness.
Low	serum	T3	 is	 seen	 in	 up	 to	 70%	of	 hospitalized	patients.	The	 serum
free	T3	is	usually	decreased	by	~40%.
Low	serum	T4,	usually	with	a	normal	free	T4.
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TREATMENT
Studies	 have	 not	 consistently	 indicated	 a	 benefit	 from	 thyroid	 hormone
supplementation	 in	 this	 patient	 population;	 in	 fact,	 it	 may	 increase
mortality.11
Follow-up	 (preferably	 after	 recovery	 from	 acute	 illness)	 to	 confirm
abnormal	values	before	initiating	any	treatment.19

REFERENCES
Boelaert	K.	Thyroid	dysfunction	in	the	elderly.	Nat	Rev	Endocrinol	2013;9:194–204.
Ross	DS.	Radioiodine	therapy	for	hyperthyroidism.	N	Engl	J	Med	2011;364:542–50.
Blum	MR,	Bauer	DC,	Collet	TH,	 et	 al.	 Subclinical	 thyroid	 dysfunction	 and	 fracture	 risk:	 a	meta-
analysis.	JAMA	2015;313:2055–65.
Gan	EH,	Pearce	SH.	Clinical	review:	the	thyroid	in	mind:	cognitive	function	and	low	thyrotropin	in
older	people.	J	Clin	Endocrinol	Metab	2012;97:3438–49.
Bahn	 RS,	 Burch	 HB,	 Cooper	 DS,	 et	 al.	 Hyperthyroidism	 and	 other	 causes	 of	 thyrotoxicosis:
management	guidelines	of	the	American	Thyroid	Association	and	American	Association	of	Clinical
Endocrinologists.	Thyroid	2011;21:593–646.
Hampton	J.	Thyroid	 gland	 disorder	 emergencies:	 thyroid	 storm	 and	myxedema	 coma.	AACN	Adv
Crit	Care	2013;24:325–32.
Papaleontiou	M,	Haymart	MR.	Approach	to	and	treatment	of	thyroid	disorders	in	the	elderly.	Med
Clin	N	Am	2012;96:297–310.
Surks	M,	Sievert	R.	Drugs	and	thyroid	function.	N	Engl	J	Med	1995;333:	1688–94.
Abrams	JJ,	Grundy	SM.	Cholesterol	metabolism	in	hypothyroidism	and	hyperthyroidism	in	man.	J
Lipid	Res	1981;22:323–38.
Matthews	 DC,	 Syed	 AA.	 The	 role	 of	 TSH	 receptor	 antibodies	 in	 the	 management	 of	 Graves’
disease.	Clin	Interv	Aging	2012;7:97–111.
Jonklaas	J,	Bianco	AC,	Bauer	AJ,	et	al.	Guidelines	for	the	treatment	of	hypothyroidism:	prepared	by
the	 American	 Thyroid	 Association	 Task	 Force	 on	 Thyroid	 Hormone	 Replacement.	 Thyroid
2014;24:1670–751.
Hoang	 JK,	 Sosa	 JA,	 Nguyen	 XV,	 et	 al.	 Imaging	 thyroid	 disease.	 Radiol	 Clin	 North	 Am
2015;53:145–61.
Mehta	V,	Savino	JA.	Surgical	management	of	the	patient	with	a	thyroid	disorder.	In:	Gambert	SR,
ed.	Clin	Geriatr	Med	1995;11:291–309.
Gencer	B,	Collet	TH,	Virgini	V,	et	al.	Subclinical	 thyroid	dysfunction	and	the	risk	of	heart	failure
events:	 an	 individual	 participant	 data	 analysis	 from	 6	 prospective	 cohorts.	 Circulation
2012;126:1040–9.
Bensenor	IM,	Olmos	RD,	Lotufo	PA.	Hypothyroidism	 in	 the	 elderly:	 diagnosis	 and	management.
Clin	Interv	Aging	2012;7:97–111.
Benbassat	CA,	Olchovsky	D,	Tsvetov	G,	Shimon	I.	Subacute	thyroiditis:	clinical	characteristics	and
treatment	outcome	in	fifty-six	consecutive	patients	diagnosed	between	1995	and	2005.	J	Endocrinol
Invest	2007;30:631–5.
Tabatabaie	V,	Surks	MI.	The	aging	thyroid.	Curr	Opin	Endocrinol	Diabetes	Obes	2013;20:455–9.
Esteves-Villar	H,	Saconato	H,	Valente	O,	Atallah	AN.	Thyroid	hormone	replacement	for	subclinical



19.

20.

hypothyroidism.	Cochrane	Database	Syst	Rev	2007;CD003419.
Pantalone	KM,	Nasr	C.	Approach	 to	 a	 low	TSH:	patience	 is	 a	virtue.	Cleve	Clin	 J	Med	 2010;77:
803–11.
Chopra	IJ.	Euthyroid	sick	syndrome:	is	it	a	misnomer?	J	Clin	Endocrinol	Metab	1997;82:329–33.



Adrenal	Insufficiency
41

M.	Phillip	Fejleh	and	Mark	S.	Thoelke

GENERAL	PRINCIPLES
Adrenal	insufficiency	(AI)	is	defined	as	inadequate	production	of	cortisol	±
aldosterone	by	the	adrenal	gland.
Primary	AI	refers	to	decreased	production	due	to	dysfunction	of	the	adrenal
gland.
Secondary	insufficiency	occurs	secondary	to	interruption	of	hypothalamic–
pituitary–adrenal	(HPA)	axis,	leading	to	decreased	adrenal	gland	function.
“Tertiary	 insufficiency”	 is	 sometimes	 used	 to	 describe	 patients	 with
iatrogenic	adrenal	suppression	from	chronic	steroid	supplementation.
The	various	etiologies	of	AI	are	presented	in	Table	41-1.

TABLE	41-1	CAUSES	OF	ADRENAL	INSUFFICIENCY

aMost	common	etiologies.
bSeveral	 medications	 may	 interrupt	 adrenal	 function	 or	 change	 cortisol	 metabolism,	 including
ketoconazole,	rifampin,	phenytoin,	opiates,	and	megestrol.



DIAGNOSIS

Clinical	Presentation
History

Acute	 AI	 often	 presents	 in	 inpatients	 as	 a	 result	 of	 undiagnosed	 chronic
insufficiency	with	decompensation	secondary	to	physiologic	stressors.
It	is	essential	to	obtain	a	thorough	medication	history	to	rule	out	recent
(up	 to	1	year)	or	chronic	steroid	use.	Patients	 taking	20	mg	of	prednisone
for	 3	 weeks	 or	 more	 are	 presumed	 to	 have	 some	 degree	 of	 suppression.
Conversely,	patients	on	≤5	mg	of	prednisone	per	day	are	presumed	to	have
an	intact	HPA	axis.	Those	in	the	middle	ground	must	undergo	testing	to	be
properly	assessed.
Patients	with	acquired	immunodeficiency	syndrome	(AIDS)	are	at	high	risk
for	adrenal	failure.
Symptoms	 occur	 as	 a	 consequence	 of	 decreased	 levels	 of	 cortisol	 ±
aldosterone	 and	 may	 include	 fatigue/weakness/light-headedness/fever,
anorexia/weight	loss,	myalgias/joint	pain,	nausea/vomiting/abdominal	pain,
and	salt	craving.
Autoimmune	AI	is	frequently	associated	with	other	autoimmune	disorders,
such	as	type	I	diabetes	mellitus,	Hashimoto	thyroiditis,	vitiligo,	and	others.
Additional	 symptoms	 in	 rarer	 cases	 of	 pituitary	 dysfunction	 or	mass	may
include	amenorrhea,	cold	intolerance,	headache,	or	visual	field	loss.
History	 of	 recent	 abdominal	 surgery	 or	 anticoagulation	 should	 increase
suspicion	 of	 adrenal	 hemorrhage.	 Overwhelming	 infection	 with
Pseudomonas	 species,	 meningococcus,	 or	 pneumococcus	 may	 result	 in
hemorrhagic	 necrosis	 of	 the	 adrenal	 gland	 (Waterhouse-Friderichsen
syndrome).
Inquire	 about	 a	 history	 of	 malignancy	 (metastases	 to	 the	 pituitary	 or
adrenals),	B-symptoms	(AI	secondary	to	lymphoma),	pulmonary	symptoms
(sarcoidosis),	 visual	 changes	 (pituitary	mass),	 and	 irradiation	 to	 the	 head
and	neck.

Physical	Examination



Orthostatic	hypotension,	shock,	fever,	or	hypothermia	may	be	evident.
Auricular	cartilage	calcifications	may	be	present	in	chronic	AI.
Abdominal	tenderness	may	be	present.
There	may	be	hyperpigmentation	 (in	primary	adrenal	 failure	 secondary	 to
increased	adrenocorticotropic	hormone	 [ACTH]),	 loss	of	axillary	or	pubic
hair	(especially	in	women),	and	signs	of	volume	depletion.
Classic	 signs	 of	AI	may	 be	 present	 but	 are	 nonspecific;	 therefore,	 a	 high
level	of	clinical	suspicion	is	critical.

Diagnostic	Testing
Laboratories

Primary	 and	 secondary	 failure	 (due	 to	 glucocorticoid	 deficiency)	 may
present	 with	 hyponatremia,	 fasting	 hypoglycemia,	 normocytic	 anemia,
hypercalcemia,	lymphocytosis,	and/or	eosinophilia.	Primary	adrenal	failure
(secondary	 to	 concomitant	 aldosterone	 deficiency)	may	 also	 present	 with
hyperkalemia,	 urine	 Na	 >20	 mEq/L,	 and	 a	 non–anion	 gap	 metabolic
acidosis.
Morning	 cortisol	 level:	 A	morning	 cortisol	 level	 is	 useful	 in	 diagnosing
insufficiency	 only	 if	 levels	 are	 very	 low	 (<3	mcg/dL).	The	 sensitivity	of
morning	 cortisol	 levels	 in	 diagnosing	 AI	 is	 very	 low.	 Levels	 are
frequently	elevated	in	acutely	ill	patients,	although	the	patient	still	may	be
unable	 to	 mount	 an	 appropriate	 response	 to	 increased	 stress.	 It	 is
recommended	to	proceed	directly	to	“dynamic	testing”	with	the	cosyntropin
stimulation	test.
The	cosyntropin	stimulation	test	assesses	the	ability	of	the	adrenal	gland
to	respond	to	ACTH.	This	test	can	be	performed	any	time	of	day,	but	time
of	day	and	illness	will	affect	basal	levels.	After	250	mcg	of	cosyntropin	is
given	IV	or	IM,	cortisol	levels	are	traditionally	measured	at	baseline	and	at
30	and	60	minutes	after	injection.	However,	drawing	cortisol	levels	at	only
the	30-minute	mark	is	likely	to	be	adequate,	reducing	confusion	and	patient
discomfort.1,2	The	250-mcg	dose	is	supraphysiologic	and	simply	represents
the	amount	contained	in	a	standard	vial.

Peak	cortisol	levels	of	>20	mcg/dL	are	normal	and	essentially	rule
out	AI.
One	 limitation	 of	 the	 cosyntropin	 stimulation	 test	 is	 in	 patients	with



recent-onset	 secondary	 AI,	 where	 the	 adrenals	 will	 still	 respond
normally	to	the	exogenous	ACTH.3
Another	 note	 of	 caution	 is	 that	 low	 protein	 may	 lead	 to	 low	 total
cortisol	levels	in	the	face	of	normal	free	cortisol	levels.4

An	ACTH	 level	 is	 useful	 in	 differentiating	 primary	 from	 secondary
causes.	ACTH	should	be	elevated	in	primary	causes	and	may	be	decreased
in	secondary	causes.
Pituitary	 function	 tests	 are	 useful	 if	 there	 is	 suspicion	 of	 pituitary
dysfunction.	Consider	serum	T4,	TSH,	or	testosterone	(in	men).

Imaging
A	computed	tomography	(CT)	scan	of	the	abdomen	may	be	obtained	to	rule	out
adrenal	 hemorrhage.	CT	of	 the	 head	or	magnetic	 resonance	 imaging	 (MRI)	 of
the	brain	may	be	obtained	if	there	is	suspicion	of	a	pituitary	mass	or	infarction.

TREATMENT
Acute	 adrenal	 crisis	 is	 a	 medical	 emergency;	 therapy	 should	 be
initiated	immediately	if	clinical	suspicion	is	high.	Therapy	should	include
the	following:

Aggressive	 IV	 fluid	 hydration	with	D5NS	 to	 support	 blood	 pressure
and	correct	hypoglycemia	and/or	hyponatremia
Hydrocortisone,	100	mg	IV	q8h	slowly	tapered	over	several	days
If	 the	 diagnosis	 of	AI	 is	 not	 yet	 established,	 hydrocortisone	may	 be
replaced	with	 dexamethasone	 (which	 does	 not	 interfere	with	 cortisol
measurements)	until	cosyntropin	testing	has	been	completed.

Long-term	maintenance	 therapy	 for	 primary	 adrenal	 sufficiency	 should
include	prednisone	(2.5–5	mg	PO	bid)	or	hydrocortisone	(20–25	mg/d	PO
divided	 bid)	 along	 with	 mineralocorticoid	 repletion	 with	 fludrocortisone
(0.05–0.3	mg	PO	qd).	Doses	are	adjusted	based	on	correction	of	symptoms
and	electrolyte	abnormalities.
Patients	 with	 known	 primary	 or	 secondary	 AI	 should	 be	 treated
empirically	 in	 situations	 of	 stress	 (acute	 illness,	 perioperatively,	 injury)
with	high-dose	hydrocortisone.	Stress	doses	depend	on	the	stressor.	A	long
taper	after	surgery	is	not	necessary	and	may	retard	wound	healing.
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Contrary	to	past	dogma,	patients	with	AI	secondary	to	chronic	steroid
use	 likely	do	not	require	stress	dosing	for	acute	 illness	or	for	surgery.
Past	recommendations	were	based	on	an	untested	proposal	by	the	authors	of
an	 early	 case	 report	 of	 operative	 death	 in	 a	 patient	 on	 steroids.	 The	 best
studies	 available	 show	 that	 there	 is	 little	 benefit	 in	 offering	 stress-dose
steroids	 (in	 addition	 to	 maintenance	 dosing)	 for	 mild-	 to	 moderate-risk
surgery	or	 acute	 illness.5	This	obviates	 the	need	 for	 testing	 the	HPA	axis.
On	a	practical	level,	changing	to	an	IV	form	of	steroids	the	day	of	surgery
may	be	beneficial,	as	it	is	less	likely	to	be	held	in	patients	taking	nothing	by
mouth.	If	there	is	any	concern,	supplemental	replacement	may	be	given	(see
below).
Additionally,	the	relative	AI	and	physiologic	dose	steroids	in	sepsis	concept
have	 been	 largely	 abandoned.6	 Septic	 shock	 patients	 who	 are	 not
responding	 to	 conventional	 therapies	 should	 be	 offered	 empiric	 steroids
without	 testing	 the	 HPA	 axis.	 Dosage	 recommendations	 for	 stress-dose
steroids	are	relatively	imprecise	and	should	be	individualized.	Coursin	et	al.
recommend	the	following:7

Minor	stress	(e.g.,	hernia	repair,	mild	febrile	illness):	a	single	dose	of
hydrocortisone	25	mg
Moderate	 stress	 (e.g.,	 open	 cholecystectomy,	 significant	 febrile
illness):	hydrocortisone	50–75	mg/d	tapered	quickly	over	the	next	1–2
days
Major	 stress	 (e.g.,	 coronary	 artery	 bypass	 grafting):	 hydrocortisone
100–150	mg/d	tapered	quickly	over	the	next	1–2	days
Critical	illness	(e.g.,	sepsis/shock):	50–100	mg	hydrocortisone	IV	q6–
8h	plus	fludrocortisone	0.5	mg/d8

Patients	with	established	AI	should	be	provided	with	medical	alert	bracelets
identifying	their	diagnosis.
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GENERAL	PRINCIPLES
The	 likelihood	 of	 discovering	 an	 adrenal	 incidentaloma	 on	 computed
tomography	 (CT)	 scanning	 performed	 for	 other	 reasons	 excluding	 the
staging	 and	workup	of	 a	 known	malignancy	depends	 on	 the	 patient’s	 age
and	probably	varies	from	0.4%	up	to	10%	in	those	>70	years	old.1
The	prevalence	is	about	2%	of	patients	at	autopsy	with	a	range	of	1–9%	and
higher	prevalence	in	obese,	diabetic,	and	hypertensive	patients.2
The	 distribution	 of	 resultant	 pathologic	 diagnoses	 varies	 widely	 among
studies,	but	the	majority	are	benign.	The	medical	consultant	is	often	called
to	 evaluate	 an	 adrenal	mass	 found	 on	 abdominal	 imaging	 on	 the	 surgical
service.

The	large	majority	of	adrenal	incidentalomas	are	nonfunctioning	adenomas.
Those	that	are	functional	adenomas	include	the	following:

Subclinical	Cushing	syndrome
Conn	syndrome	(primary	hyperaldosteronism)

Other	etiologies	include	the	following:
Subclinical	pheochromocytoma
Metastatic	 lesions	 (usually	 lung	 cancer;	 less	 commonly	 renal	 cell,
breast,	and	melanoma)
Primary	adrenocortical	cancers	are	very	rare.	They	may	be	functional
or	 nonfunctional.	 The	 possibility	 of	malignancy	 increases	with	mass
size.
Myelolipoma
Ganglioneuroma
Adrenal	cyst



Approximately	 10%	 of	 adrenal	 masses	 are	 bilateral.	 The	 etiology	 of
bilateral	 adrenal	 masses	 includes	 metastatic	 disease,	 cortical	 adenomas,
congenital	 adrenal	 hyperplasia,	 lymphoma,	 fungal	 or	 tubercular	 infection,
and	infiltrative	disease	(amyloidosis,	sarcoidosis),	among	others.3

DIAGNOSIS

Clinical	Presentation
Subtle	 indicators	 of	 cortisol	 excess	 may	 be	 present	 in	 “early	 Cushing
syndrome”	presenting	as	an	incidentaloma	without	overt	symptoms.
The	presence	of	 the	 triad	of	hypertension	 (HTN),	headache,	and	sweating
favors	 the	 diagnosis	 of	 pheochromocytoma.	 Its	 absence	 renders	 it	 an
exceedingly	unlikely	diagnosis.
The	 association	 of	 drug-resistant	 refractory	 HTN	 requiring	 >3
antihypertensive	 agents	 and	 hypokalemia	 increases	 the	 likelihood	 of
hyperaldosteronism	(Conn	syndrome).
Evidence	of	another	primary	malignancy	should	be	sought	from	the	history.
Inquire	 about	 family	 history	 of	 adrenal	 tumors,	 multiple	 endocrine
neoplasia	 (MEN)	 syndromes,	 or	 other	 familial	 pheochromocytoma
syndromes.
Also	 look	 for	 evidence	 of	 nonclassic	 congenital	 adrenal	 hyperplasia	 (21-
hydroxylase	deficiency),	which	 sometimes	presents	 as	 an	 adrenal	mass	 in
adulthood.	 Hirsutism,	 oligomenorrhea,	 acne,	 and	 frontal	 balding	 (in
females)	are	the	most	common	symptoms	in	adults.4

Diagnostic	Testing
Laboratories

Characteristically,	subclinical	Cushing	syndrome	(SCS)	will	be	associated
with	normal	24-hour	urine	and	8	a.m.	serum	cortisol	but	without	circadian
rhythms.	 The	 10	 p.m.	 cortisol	 may	 be	 elevated	 and	 1-mg	 overnight
dexamethasone	suppression	tests	will	be	positive,	as	defined	by	a	serum



cortisol	level	exceeding	2.0	μg/dL.2	Since	pituitary	Cushing	disease	is	not	a
consideration,	 some	 physicians	 have	 skipped	 directly	 to	 the	 high-dose
dexamethasone	 test.	 The	 diagnosis	 of	 SCS	 is	 further	 supported	 by	 a
suppressed	 adrenocorticotropic	 hormone	 (ACTH)	 level	 or	 low
dehydroepiandrosterone	sulfate	(DHEA-S)	concentration.
Biochemical	 assessment	 for	 pheochromocytoma	 is	 reasonable	 for	 all
patients.	 The	 24-hour	 urine	 fractionated	 metanephrine	 and
normetanephrine	have	high	sensitivity	and	specificity.	If	 they	are	normal
and	suspicion	still	high,	 fractionated	free	metanephrines	may	be	done,	but
the	 specificity	 is	 low.	 Pheochromocytoma	 should	 be	 ruled	 out	 before
surgical	or	fine-needle	manipulation	of	the	adrenal	is	considered.5
Primary	 hyperaldosteronism	 is	 associated	 with	 hypokalemia,	 but
potassium	can	be	normal.	The	morning	aldosterone-to-renin	ratio	can	be
used	as	a	screen	and	should	probably	be	done	 in	all	hypertensive	patients
with	an	incidentaloma.6	An	aldosterone-to-renin	ratio	>20	in	the	absence	of
spironolactone	or	mineralocorticoid	 receptor	blockers	 is	highly	 suggestive
of	primary	hyperaldosteronism.	Other	biochemical	tests	will	be	needed	for
confirmation.
Increased	 adrenal	 androgens	 are	 seen	 in	 nonclassic	 congenital	 adrenal
hyperplasia.	 The	 definitive	 test	 is	 17-hyroxyprogesterone	 before	 and	 60
minutes	 after	 cosyntropin	 administration.	 Routine	 testing	 is	 probably	 not
necessary	unless	there	are	clinical	signs	of	androgen	excess.7
Adrenocortical	 carcinoma	 may	 result	 in	 Cushing	 syndrome	 and/or
virilization	or	be	nonfunctional;	 testing	for	both	may	be	indicated.	Plasma
DHEA-S	 should	 be	 measured	 since	 it	 may	 be	 the	 only	 biochemical
abnormality	in	this	disease.

Imaging
Imaging	characteristics	of	various	adrenal	 tumors	are	presented	 in	Table	42-1.6
Nearly	all	lesions	<4	cm	are	benign.

TABLE	 42-1	 IMAGING	 CHARACTERISTICS	 OF	 ADRENAL
TUMORS



CT,	computed	tomography;	HU,	Hounsfield	units;	MRI,	magnetic	resonance	imaging.
Data	 from	 Young	 WF	 Jr.	 Clinical	 practice.	 The	 incidentally	 discovered	 adrenal	 mass.	N	 Engl	 J	 Med
2007;356:601–10.

Diagnostic	Procedures
Pheochromocytoma	 should	 be	 ruled	 out	 prior	 to	 needle	 biopsy,	 as	 it	 may
precipitate	a	hypertensive	crisis	or	hemorrhage.	Fine	needle	biopsy	may	be	used
to	 confirm	metastatic	 disease;	 however,	 it	 cannot	 distinguish	 a	 benign	 adrenal
adenoma	 from	adrenal	 adenocarcinoma.	Because	 of	 the	 risk	 of	 seeding	 cancer
cells	 if	 a	 primary	 adrenal	 malignancy	 is	 suspected,	 surgical	 exploration	 is
indicated.	Negative	cytology	does	not	rule	out	malignancy.8

TREATMENT
The	appropriate	management	of	adrenal	masses	is	not	precisely	defined.

Functional	adrenal	masses:	Surgical	excision	should	generally	be	performed
when	 there	 are	 symptoms	 related	 to	 and	 biochemical	 evidence	 of
glucocorticoid,	 catecholamine,	 adrenal	 sex	 hormone,	 or	mineralocorticoid
excess.	The	 long-term	benefit	 of	 adrenalectomy	 for	SCS	 remains	 unclear.
Therefore,	 surgical	 resection	 should	 only	 be	 considered	 in	 cases	 of
worsening	HTN,	glucose	intolerance,	hyperlipidemia,	or	osteoporosis.
Large	adrenal	masses	(>6	cm):	It	is	recommended	that	all	adrenal	 lesions
>6	cm	be	excised	owing	 to	 the	much	 increased	 risk	of	malignancy.	Open
adrenalectomy	 should	 be	 performed	 if	 adrenocortical	 carcinoma	 is
suspected,	particularly	in	the	case	of	masses	>10	cm.9
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Intermediate	 adrenal	masses	 (4–6	cm):	Adrenalectomy	 should	be	 strongly
considered	 for	 lesions	 that	 have	malignant	 imaging	 characteristics	 (Table
42-1).	 If	 not,	 close	 follow-up	 with	 repeat	 imaging	 is	 reasonable,	 but	 the
appropriate	 frequency	 is	 unclear.	 Annual	 overnight	 dexamethasone
suppression	test	for	4	years	has	also	been	recommended	in	light	of	the	fact
that	 novel	 glucocorticoid	 autonomous	 function	 may	 be	 detected	 during
follow-up	 in	 some	 cases.	 However,	 the	 yield	 from	 this	 strategy	 remains
unclear.	 The	 selection	 of	 appropriate	 serial	 imaging	 interval	 and	 imaging
modality	 should	 be	 based	 on	 individual	 circumstance	 and	 clinical
judgment.2
Small	 nonfunctional	 masses	 (<4	 cm):	 Presuming	 that	 the	 imaging
appearance	of	 such	 lesion	 is	not	 suggestive	of	malignancy,	 the	utility	 and
frequency	of	follow-up	imaging	are	currently	unclear.
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Approach	to	the	Patient	with	Positive
Antinuclear	Antibodies

43
Adam	Littich

GENERAL	PRINCIPLES
Antinuclear	antibodies	(ANA)	are	autoantibodies	that	target	normal	nuclear
constituents	such	as	DNA,	RNA,	and	nuclear	proteins.
These	autoantibodies	are	produced	in	a	variety	of	normal	and	inflammatory
states	and	are	nonspecific.	Therefore,	they	are	most	useful	when	ordered	to
confirm	a	diagnosis	that	has	been	made	on	clinical	grounds,	such	as	that	of
systemic	lupus	erythematosus	(SLE).
Greater	 than	 95%	 of	 SLE	 patients	 have	 a	 positive	 ANA	 with	 a	 titer	 of
>1:160.1	 Thus,	 a	 negative	 ANA	 is	 usually	 helpful	 in	 excluding	 the
diagnosis	of	SLE.	The	same	cannot	be	said	of	other	autoimmune	connective
tissue	 diseases,	 as	 only	 approximately	 half	 have	 a	 positive	 ANA.2
Therefore,	 due	 to	 its	 lower	 sensitivity	 in	 other	 connective	 tissue	diseases,
ANA	is	not	recommended	to	broadly	rule	out	connective	tissue	diseases	or
autoimmunity	and	should	not	be	ordered	unless	strong	clinical	suspicion	of
disease	exists.
Furthermore,	ANA	should	not	be	ordered	in	patients	with	fibromyalgia	or
nonspecific	 symptoms	 such	 as	 fatigue	 or	 generalized	 myalgia.3
Unfortunately,	 the	 most	 common	 reason	 for	 nonrheumatologists	 to	 order
ANA	is	widespread	pain.4

Definition
The	ANA	test	is	performed	by	incubating	control	human	cells	derived	from
a	 cell	 line	 of	 human	 epithelial	 tumor	 cells	 (HEp2	 cells)	 with	 a	 patient’s
serum	and	developing	with	anti–human	immunoglobulin	that	is	fluorescein



tagged.
A	 positive	 result	 is	 determined	 using	 indirect	 immunofluorescence
microscopy	 and	 often	 reported	 along	 with	 the	 staining	 pattern—see
classification	below.
Traditionally,	 ANA	 testing	 detected	 antinuclear	 antibodies;	 however,	 the
term	 is	 somewhat	 of	 a	 misnomer	 as	 most	 laboratories	 now	 report	 both
nuclear	and	cytoplasmic	results.
Newer	methods	rely	on	an	enzyme-linked	 immunosorbent	assay	(ELISA),
which	is	more	sensitive,	but	may	be	less	specific.5

Classification
The	 reporting	 of	 staining	 pattern	 can	 aid	 in	 determining	 the	 type	 of
autoantibodies	present	and	disease	association	(see	Table	43-1).1,6–11
It	is	important	to	note	that	this	is	a	relatively	subjective	process	and	open	to
significant	 laboratory	 or	 individual	 variation.	 In	 addition,	 labs	 may	 use
different	terminology	to	describe	the	staining	pattern,	though	an	attempt	is
being	made	at	standardization.6
The	following	are	some	of	the	more	useful	staining	patterns:

Nuclear	 homogenous:	 associated	 with	 anti-dsDNA,	 antihistone,	 and
antinucleosome	and	suggest	SLE	or	drug-induced	SLE.12	Never	found
in	the	healthy.13
Nuclear	 large/coarse	 speckled:	 associated	with	 anti-RNP	and	 suggest
MCTD	or	SLE.12	Never	found	in	the	healthy.13
Nuclear	 fine	 speckled:	 most	 common	 pattern,	 but	 nonspecific.	Most
common	pattern	found	in	both	healthy	and	those	with	true	disease.13
Nuclear	 dense	 fine	 speckled:	 only	 occurs	 in	 healthy	 individuals.13
Associated	with	anti-DFS70	antibody,	which	is	also	nearly	exclusively
found	in	the	healthy.14
Nuclear	 centromere:	 anticentromere	 and	 suggests	 limited	 systemic
sclerosis	 (also	 known	 as	 CREST	 syndrome).12	Never	 found	 in	 the
healthy.13
Nuclear	peripheral	or	rim	pattern:	specific	and	suggests	SLE.12
Nucleolar:	anti–Scl-70	(also	known	as	anti–topoisomerase	I)	and	anti-
PM/SCL;	often	seen	in	systemic	sclerosis.12
Cytoplasmic	 diffuse:	 anti–Jo-1;	 can	 be	 associated	with	 inflammatory



myopathies.12

Cytoplasmic	fine	speckled:	anti–Jo-1;	inflammatory	myopathies.12

TABLE	 43-1	 AUTOANTIBODIES	 AND	 DISEASE
ASSOCIATIONS

ANA,	 antinuclear	 antibody;	 Jo-1,	 anti–Jo-1	 antibody;	 RNP,	 antiribonucleoprotein;	 Sm,	 anti-Smith;	 SS-
A/Ro,	anti-Sjögren	syndrome	A/Ro;	SS-B/La,	anti-Sjögren	syndrome-B/La;	S,	nuclear	speckled;	H,	nuclear
homogenous;	P,	nuclear	peripheral	or	rim;	N,	nucleolar;	C,	centromere;	Cy,	cytoplasmic.
aNote:	Dash	(—)	indicates	antibody	found	rarely	(0–5%),	but	exceptions	may	occur.

Epidemiology
The	 incidence	of	a	positive	ANA	increases	with	age	and	 is	also	higher	 in
females.15
A	positive	ANA	 is	 found	 in	 a	 large	percentage	of	 the	healthy	population;
25–30%	 have	 a	 titer	 of	 1:40,	 10–15%	 a	 titer	 of	 1:80,	 and	 5%	 a	 titer	 of
1:160.1
Some	variability	exists	among	different	nationalities:

Brazil:	13%	had	titer	1:80.13
India:	12%	had	titer	1:40.16
Japan:	26%	had	titer	1:40.17
China:	14%	had	titer	1:100.18



Etiology
The	differential	for	a	positive	ANA	is	very	broad	and	includes	the	following19:

Healthy	individual
Other	autoimmune	connective	tissue	disease	(Table	43-1)
Malignancy
Chronic	infection	(e.g.,	TB,	viral	hepatitis,	endocarditis)
Acute	infection	(e.g.,	viral,	some	parasites)
Drug-induced	lupus,	or	simply	caused	by	drug	without	signs	of	lupus
Autoimmune	 hematologic	 disorders	 (e.g.,	 idiopathic	 thrombocytopenia
purpura,	hemolytic	anemia)
Autoimmune	GI	disorders	(e.g.,	autoimmune	hepatitis,	inflammatory	bowel
disease,	primary	biliary	cholangitis)
Autoimmune	endocrine	disorders	(e.g.,	type	I	diabetes	mellitus,	Hashimoto
thyroiditis,	Graves	disease)
Autoimmune	 neurologic	 disorder	 (e.g.,	 multiple	 sclerosis,	 myasthenia
gravis)

Pathophysiology
Typically,	 autoantibodies	 tend	 to	 form	 years	 before	 the	 onset	 of	 clinical
disease.20	 Patients	 with	 a	 high	 ANA	 titer	 may	 need	 to	 be	 followed	 for	 any
developing	signs	of	connective	 tissue	disease,	 though	many	patients	will	never
develop	disease,	and	25%	of	healthy	patients	will	eventually	revert	to	a	negative
titer.13	Despite	this,	serial	testing	of	ANA	is	not	recommended.

Risk	Factors
Increasing	age,15	 female	 sex,15	 and	having	 a	 first-degree	 relative	with	positive
ANA14	 or	 an	 actual	 autoimmune	 disorder21	 are	 all	 risk	 factors	 for	 having	 a
positive	ANA.

DIAGNOSIS



Clinical	Presentation
History
The	most	important	step	in	evaluating	the	patient	is	to	obtain	a	good	history	with
emphasis	 on	 rheumatic	 symptoms.	 The	 American	 College	 of	 Rheumatology
classification	criteria	(Table	43-2)22,23	for	the	diagnosis	of	lupus	can	help	guide
clinical	 suspicion	 regarding	 pretest	 probability	 of	 a	 positive	 ANA,	 and	 these
features	should	be	sought	when	evaluating	any	patient	with	a	positive	ANA.

TABLE	43-2	1997	UPDATE	OF	THE	1982	AMERICAN	COLLEGE
OF	 RHEUMATOLOGY	 REVISED	 CRITERIA	 FOR
CLASSIFICATION	OF	SYSTEMIC	LUPUS	ERYTHEMATOSUS



Data	from	Tan	EM	Cohen	AS,	Fries	JF,	et	 al.	The	1982	 revised	criteria	 for	 the	classification	of	 systemic
lupus	erythematosus.	Arthritis	Rheum	1982;25(11):1271–7;	Hochberg	MC.	Updating	the	American	College
of	Rheumatology	 revised	 criteria	 for	 the	 classification	of	 systemic	 lupus	 erythematosus.	Arthritis	Rheum
1997;40(9):1725.

Physical	Examination
The	presence	of	rheumatologic	signs	may	be	varied	and	subtle	in	patients	with	a
connective	tissue	disease,	but	a	careful	exam	includes	looking	for	the	following:

Head,	 ears,	 eyes,	 nose,	 and	 throat:	 uveitis,	 dry	 eyes	 or	 oropharynx,	 oral
ulcers,	or	malar	rash
Chest:	crackles	or	pleural	rub



Cardiovascular:	pericardial	rub
Musculoskeletal:	 joint	 tenderness,	 effusion,	 or	 chronic
destruction/deformity
Skin:	 rash,	 palpable	 purpura,	 sclerotic	 skin	 changes,	 or	 Raynaud
phenomenon
Neurologic:	 proximal	 muscle	 weakness,	 psychosis	 without	 other	 known
cause

Diagnostic	Testing
Again,	the	most	important	workup	of	a	positive	ANA	is	a	thorough	history
and	 physical.	Many	 times,	 the	 diagnosis	 of	 a	 false-positive	 ANA	 can	 be
made	on	this	basis	alone.
Other	basic	 studies	 including	CXR,	urinalysis,	 complete	blood	count,	 and
comprehensive	 metabolic	 panel	 are	 helpful	 to	 evaluate	 for	 organ
involvement.
Many	tests	are	available	for	further	workup	of	a	positive	ANA,	but	like	the
ANA	 itself,	 many	 are	 relatively	 nonspecific	 and	 the	 workup	 should	 be
guided	by	clinical	suspicion.	Only	test	for	ANA	subserologies	(below)	with
a	positive	ANA	AND	clinical	suspicion	of	immune-mediated	disease.24
Factors	of	the	ANA	that	would	favor	a	true	positive:

Higher	ANA	titers	>1:160.5
Very	high	titer	>1:640	should	be	given	special	attention,	as	the	positive
predictive	 value	 for	 autoimmune	 rheumatic	 disease	 at	 this	 titer	 is
25%.4
Certain	patterns	of	 the	ANA,	 including	nuclear	homogenous,	nuclear
coarse	speckled,	and	nuclear	centromeric,	are	nearly	100%	specific	for
autoimmune	rheumatic	diseases.5

Factors	that	favor	a	false-positive	ANA5:
Titer	<1:160
Nuclear	 dense	 fine	 speckled	 pattern,	 which	 is	 only	 seen	 in	 healthy
individuals.

Rheumatology	 consultation	 may	 be	 considered	 if	 high-risk	 factors	 are
present	 on	 clinical	 or	 laboratory	 evaluation.	 Interestingly,	 in	 a	 2003
retrospective	 study,	 positive	 ANA	 was	 detected	 in	 78%	 of	 patients	 who
were	eventually	diagnosed	with	SLE,	up	 to	9	years	prior	 to	 the	diagnosis
being	made.20	This	would	suggest	a	pre-SLE	state	and	would	imply	a	need



for	 follow-up	 for	 patients	with	positive	ANA,	 especially	 those	with	high-
risk	 factors,	 in	 order	 to	 monitor	 for	 the	 manifestation	 of	 other	 clinical
hallmarks	 of	 connective	 tissue	 disease.	 This	 follow-up	 may	 be	 with	 the
primary	care	physician	or	rheumatology.

ANA	 subserologies	 can	 be	 ordered	 based	 on	 positive	 ANA	 AND	 clinical
suspension,	as	discussed	above.	ANA	subserologies	include	the	following6:

Extractable	nuclear	antigens	(ENA)	panel:	this	test	encompasses	a	panel
of	 saline-soluble	 nuclear	 antigens	 usually	 including,	 but	 not	 limited	 to,
Smith	(Sm),	Sjögren	syndrome-A/Ro	(SS-A)	and	Sjögren	Syndrome-B/La
(SS-B),	and	ribonucleoprotein	(RNP)	antigens.	While	so	named	because	of
the	 laboratory	method	originally	used	 to	discover	 these	antigens,	 the	 term
ENA	has	come	to	be	used	mainly	 to	denote	a	panel	of	autoantibodies	and
may	include	autoantibodies	that	are	neither	extractable	nor	nuclear.
Anticentromere	 antibodies:	 directed	 against	 70/13	 kDa	 proteins	making
up	 the	 centromere	 complex	 of	 the	 chromosome	 and	 are	 associated	 with
limited	systemic	sclerosis	(aka	CREST	syndrome).
Anti-dsDNA	 antibodies:	 directed	 against	 double-stranded	 DNA,	 specific
for	SLE.	One	of	the	few	autoantibodies	that	correlate	with	disease	activity;
can	be	used	for	monitoring.
Antihistone	 antibodies:	 commonly	 seen	 in	 patients	 with	 drug-induced
lupus.
Anti–Jo-1	 antibodies:	 directed	 against	 histidyl	 tRNA	 synthetase	 and
associated	with	myositis.
Antiphospholipid	antibodies:	 includes	 IgG,	 IgM,	and	 IgA	anticardiolipin
antibodies,	 lupus	 anticoagulant	 antibody,	 anti-β2	 glycoprotein	 I,	 and
antiphosphatidylserine.	Can	be	seen	in	antiphospholipid	antibody	syndrome
alone	or	as	part	of	SLE.
Anti-RNP	antibodies:	directed	against	U1	snRNP	protein–RNA	complex.
Highly	 associated	 with	 mixed	 connective	 tissue	 disease	 (MCTD);	 also
found	in	SLE.
Anti–Scl-70	 antibodies:	 directed	 against	 topoisomerase	 I;	 is	 associated
with	diffuse	systemic	sclerosis.
Anti–SS-A/Ro	and	anti–SS-B/La:	antibodies	against	a	52/60	and	47	kDa
proteins,	respectively.	Associated	with	Sjögren	syndrome	and	SLE.
Anti-Smith	antibodies:	named	after	the	patient	in	whom	it	was	discovered,
antibody	 system	 of	 multiple	 antibodies	 against	 a	 series	 of	 protein–RNA
complexes	called	snRNPs.	Highly	specific	for	SLE.
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Anticyclic	 citrullinated	 peptide	 (CCP):	 directed	 against	 a	 citrullinated
form	 of	 the	 protein	 filaggrin;	 associated	 with	 rheumatoid	 arthritis.	 More
specific	than	RF.
Rheumatoid	factor	(RF):	an	immune	complex	of	IgM	that	binds	to	the	Fc
portion	of	IgG.	RF	is	elevated	in	~80%	of	patients	with	RA,	but	this	test	is
nonspecific,	also	being	positive	 in	Sjögren	syndrome,	sarcoidosis,	chronic
infections,	and	other	conditions	where	immune	complexes	are	formed.
Erythrocyte	 sedimentation	 rate	 (ESR):	 the	 ESR	 is	 a	 very	 nonspecific
indicator	 of	 inflammation	 and	 is	 often	 elevated	 in	 any	 inflammatory
condition.	Anemia,	 kidney	 disease	 (especially	 proteinuria),	 and	 aging	 can
all	elevate	the	ESR	in	the	absence	of	inflammation.
C-reactive	 protein	 (CRP):	 CRP	 is	 an	 acute-phase	 reactant	 and	 a
component	 of	 the	 innate	 immune	 system	 that	 rises	 rapidly	 with
inflammation	 and	 infection	 and	 falls	 quickly	 as	 inflammation	 resolves.
Unlike	 the	 ESR,	 the	 CRP	 is	 not	 influenced	 by	 anemia	 or	 abnormal
erythrocytes.
Complement:	usually	C3	and	C4,	often	CH50	(total	complement);	part	of
the	 complement	 cascade;	 ordered	 to	 assess	 immune	 complex–mediated
disease	activity	in	SLE.

TREATMENT
Generally,	 treatment	 is	 directed	 toward	 the	 underlying	 disease	 and	 is	 etiology
specific.	No	 treatment	 is	needed	 for	ANA-positive	patients	without	underlying
autoimmune	rheumatic	disease.
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Approach	to	Low	Back	Pain
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Mosmi	Surati

GENERAL	PRINCIPLES
Low	back	pain	(LBP)	is	a	common	condition,	occurring	in	85%	of	people
during	 their	 lifetime,1	 with	 over	 a	 quarter	 of	 the	 American	 population
experiencing	LBP	within	the	last	3	months.2
The	medical	costs	are	substantial,	with	>$85	billion	in	health	expenditures
annually.3
Furthermore,	LBP	can	have	a	major	 impact	on	self-assessed	health	status,
work	 limitation,	 and	 social	 functioning,	 contributing	 to	 the	 number	 of
temporarily	and	permanently	disabled	individuals	in	the	United	States.1,3
Given	 the	 economic	 and	 social	 costs	 attributed	 to	LBP,	 proficiency	 in	 its
evaluation	 and	 management	 is	 critical.	 With	 rising	 costs	 of	 care	 and
concerns	 about	 the	 quality	 of	 care,	 it	 is	 imperative	 that	 evidence-based
guidelines	are	considered.

The	differential	diagnosis	for	LBP	is	presented	in	Table	44-1.4
The	 causes	 of	 LBP	 are	 varied	 and	 are	 influenced	 by	 both	 anatomic
considerations	as	well	as	individual	risk	factors	including	age,	occupation,
exercise,	smoking	status,	and	genetics.1
Mechanical	 causes	 of	 back	 pain	 account	 for	 the	 vast	majority	 of	 cases—
about	 97%,	 with	 nonmechanical	 and	 visceral	 disease	 accounting	 for	 the
balance.4

Mechanical	 back	 pain	 stems	 from	 an	 injury	 or	 alteration	 to	 an
anatomic	structure	that	causes	work	to	be	diverted	to	nearby	structures.
Examples	include	lumbar	strain,	degenerative	disease,	disc	herniation,
spinal	stenosis,	and	fracture.

This	 contrasts	 with	 back	 pain	 caused	 by	 nonmechanical	 or	 systemic
disorders,	such	as	malignancy,	infection,	or	inflammatory	disease.	Visceral
disease	is	inflammation	of	pelvic,	renal,	or	gastrointestinal	structures	that	is



referred	to	the	back.
Despite	this	classification,	in	~85%	of	cases,	a	specific	cause	of	LBP	cannot
be	found.4
Guidelines	 suggest	 that	attempting	 to	 identify	 specific	anatomic	causes	of
acute	LBP	may	not	actually	impact	outcomes	and	instead,	the	focus	should
be	 on	 looking	 for	 serious	 pathology	 and	 identification	 of	 factors	 causing
disability.5

TABLE	44-1	DIFFERENTIAL	DIAGNOSIS	OF	LOW	BACK	PAIN





aOften	associated	with	neurogenic	leg	pain.
bValidity	of	 the	diagnosis,	method	of	 precise	diagnosis,	 and	optimal	 unique	management	not	 universally
accepted.
Adapted	from	Deyo	RA,	Weinstein	JN.	Low	back	pain.	N	Engl	J	Med	2001;26:153–59.

DIAGNOSIS

Clinical	Presentation
The	 goal	 of	 a	 focused	 LBP	 history	 and	 physical	 should	 be	 to	 rule	 out
serious	 spinal	 pathology,	 to	 try	 to	 identify	 specific	 causes	 of	 pain,	 to
evaluate	 degree	 of	 neurologic	 involvement,	 and	 to	 assess	 the	 severity	 of
symptoms	and	their	influence	on	function.6
The	 term	red	flag	 has	 been	 used	 in	 the	 literature	 to	 identify	 features	 that
suggest	critical	spinal	pathology	that	warrant	urgent	or	emergent	evaluation
and/or	 treatment.	 There	 is	 disagreement	 among	 various	 guidelines	 as	 to
which	features	characterize	red	flags	and	limited	data	to	support	the	use	of
these	 red	 flags	 as	 indications	 for	 routine	 imaging,	 aside	 from	 history	 of
cancer.6–8	This	is	in	part	due	to	the	low	prevalence	of	serious	causes	of	LBP
in	the	primary	care	setting,	that	is,	malignancy	(0.7%),	compression	fracture
(4%),	 spinal	 infection	 (0.01%),	 and	 cauda	 equina	 syndrome	 (0.04%).9,10
However,	given	 the	absolute	number	of	patients	presenting	with	LBP	and
the	 various	 settings	 in	which	 patients	 present	 (including	 specialty	 clinics,
urgent	care,	emergency	room,	and	hospitals),	clinicians	commonly	use	these
elements	to	influence	the	decision-making	process.

History

Symptoms	and	historical	features	suggestive	of	spinal	malignancy	include
the	following:

History	of	cancer7
Age	>	50
Unexplained	weight	loss
Lack	of	improvement	after	1	month	of	conservative	management



Night	pain
Pain	at	multiple	sites
Urinary	retention

Symptoms	 and	 historical	 features	 suggestive	 of	 infection	 include	 the
following:

Human	immunodeficiency	virus	(HIV)	or	immunosuppression
Chronic	use	of	steroids	or	other	immunosuppression
History	of	IV	drug	abuse
Active	 or	 recent	 infection	 such	 as	 urinary	 tract	 infection,
osteomyelitis/abscess,	or	endocarditis
Fever
History	of	spinal	intervention

Those	that	suggest	fracture	include	the	following:
Increasing	age8
History	of	osteoporosis	or	risk	factors	(i.e.,	prolonged	steroid	use)
Trauma

Symptoms	compatible	with	cauda	equina	syndrome	include	the	following:
Fecal	incontinence
Urinary	retention
Gait	abnormality
Saddle	anesthesia
Bilateral	lower	extremity	sciatica,	sensory	changes,	and/or	weakness

Individuals	with	acute	back	pain	should	also	be	evaluated	for	yellow	flags
or	psychosocial	barriers	 to	 recovery.	These	are	stronger	predictors	of	pain
outcomes	 than	 either	 exam	 findings	 or	 intensity	 or	 duration	 of	 pain.5,11
Assessment	 for	 maladaptive	 coping	 behaviors,	 psychiatric	 comorbidities,
and	 baseline	 functional	 impairment	 can	 help	 predict	 which	 patients	 are
more	 likely	 to	 go	 on	 to	 develop	 chronic	 pain.11–15	 These	 yellow	 flags	 of
acute	back	pain	are	important	to	inquire	about:16

Belief	that	back	pain	is	harmful	or	potentially	severely	disabling
Fear	or	avoidance	behavior	and	reduced	activity	levels
Tendency	to	low	mood	and	withdrawal	from	social	interaction
Expectation	that	passive	treatments	rather	than	active	participation	will
help
Early	identification	of	these	beliefs	can	identify	which	patients	stand	a
greater	chance	for	future	disability	and	allow	for	targeted	interventions
such	 as	 counseling,	 antidepressant	 use,	 and	 early	 referral	 to
specialists.15



It	 is	 helpful	 to	 classify	patients	by	 the	duration	of	 their	 symptoms:	 acute,
subacute,	or	chronic.

Acute	back	pain	is	generally	classified	as	back	pain	lasting	<4	weeks.
The	 majority	 of	 cases	 are	 self-limited	 and	 improve	 within	 2–4
weeks,17	 though	 recurrences	 are	 common.	Once	 serious	pathology	 is
ruled	 out,	 the	 next	 step	 is	 to	 determine	 if	 the	 pain	 is	 radiating	 or
nonradiating.	Radiating	pain	is	frequently	the	result	of	disc	herniation
but	can	also	be	due	to	foraminal	stenosis,	spondylolisthesis,	and	other
causes.	 The	 presence	 of	 sciatica,	 defined	 as	 a	 sharp	 or	 burning	 pain
radiating	 along	 the	 posterior	 or	 lateral	 aspect	 of	 the	 leg,	 often
associated	with	numbness	or	tingling,	suggests	nerve	irritation.	It	may
be	 exacerbated	 by	 coughing,	 sneezing,	 or	 Valsalva.	 Sciatica	 is
sensitive,	 but	 not	 specific,	 for	 lumbar	 disc	 herniation.10	With	 spinal
stenosis,	patients	describe	pain	 in	 the	 legs	worsened	by	 standing	and
walking	and	relieved	by	leaning	forward.	Patients	with	radiating	LBP
tend	to	have	a	poorer	outcomes	and	slower	recoveries,	compared	with
those	with	nonradiating	symptoms.
Patients	with	 subacute	 back	pain	 (4–12	weeks)	 and	 chronic	 back
pain	 (>12	 weeks)	 are	 less	 likely	 to	 experience	 spontaneous
improvement	in	symptoms.	The	focus	on	their	assessment	is	to	seek	a
diagnosis,	ensure	no	treatable	pathology	exists,	and	improve	function.
Frequently,	this	will	require	a	multidisciplinary	approach	with	referral
to	physical	therapists,	physical	medicine	and	rehabilitation	specialists,
spinal	interventionalists,	and	surgeons.

Physical	Examination

The	 physical	 exam	 can	 aid	 in	 the	 diagnosis	 of	 LBP.	 There	 are	 many
limitations	 of	 the	 physical	 exam,	 and	 reviews	 suggest	 varied	 sensitivities
and	 specificities	 of	 exam	 findings.18	 However,	 due	 to	 the	 prevalence	 of
abnormalities	 seen	 on	 imaging	 in	 both	 in	 asymptomatic	 and	 symptomatic
individuals,10,19–21	 information	 gained	 from	 the	 exam	 can	 guide
management.	 Though	 this	 is	 not	 meant	 to	 be	 a	 comprehensive	 list	 of
findings	and	maneuvers,	salient	features	are	described.
Physical	exam	features	include	the	following:

Inspection	 of	 gait,	 posture,	 and	 tenderness.	 Trendelenburg	 gait
suggests	weakness	of	the	gluteus	medius	and	possible	L5	involvement.
Abnormal	 spine	 curvature	 can	 lead	 to	 loading	 stress	 on	 surrounding



structures.	 Focal	 tenderness	 of	 the	 spinous	 process	 can	 suggest
infection,	malignancy,	or	fracture.
Evaluation	of	mobility.	Increased	pain	with	forward	flexion	suggests
anterior	 column	 or	 discogenic	 source	 of	 pain.	 Increased	 pain	 with
extension	suggests	a	source	in	the	posterior	column	as	from	the	facets,
foraminal	stenosis,	or	spondylolysis.22
Neurogenic	 evaluation	 including	 reflexes,	 strength,	 and	 sensation
(Table	44-2).	Over	90%	of	symptomatic	lumbar	disc	herniations	occur
at	 L4/5	 and	 L5/S1.	 A	 focused	 exam	 includes	 evaluation	 of	 knee
strength	and	reflexes	(L4),	great	toe	and	foot	dorsiflexion	(L5),	plantar
flexion	and	ankle	reflexes	(S1),	and	distribution	of	sensory	deficits.5
Straight-leg	and	crossed	straight-leg	raising.	This	is	done	by	raising
the	 ipsilateral	 leg,	while	 transmitting	 tension	 to	 the	nerve	root,	 in	 the
supine	position.	Pain	should	be	elicited	between	30	and	60	degrees	of
elevation.	 The	 crossed	 testing	 is	 done	 on	 the	 contralateral	 leg	 and
elicits	symptoms	in	the	leg	with	sciatica.10
Other	 features.	 Fever	 and	 tachycardia	may	 be	 clues	 to	 infection	 or
inflammatory	arthropathy.	A	rectal	exam	is	necessary	to	examine	S2–
S4	 if	 there	 is	 concern	 for	 cord	compression	and	can	also	help	assess
prostatic	disease.	An	abdominal–pelvic	exam	can	help	assess	for	other
causes	of	pain	listed	in	Table	44-1.
Waddell	 signs.	 Though	 these	 are	 not	 diagnostic	 for	 nonorganic
disease,	 they	can	serve	as	“yellow	flags.”	These	 include	overreaction
to	 examination,	 simulation	 of	 pain	 with	 sham	 maneuvers,
nonreproducibility	 of	 pain	with	 distraction,	 nonanatomic	 distribution
of	 deficits,	 and	 tenderness	 to	 superficial	 touch	 in	 nonanatomic
patterns.23

TABLE	44-2	NEUROLOGIC	EXAMINATION	FOR	SCIATICA



aFrom	van	der	Windt	DAWM,	Simons	E,	Riphagen	II,	et	al.	Physical	examination	for	lumbar	radiculopathy
due	to	disc	herniation	in	patients	with	low-back	pain.	Cochrane	Database	Syst	Rev	2010;(2):CD007431.

Diagnostic	Testing
Among	patients	with	LBP	without	worrisome	features,	 it	 is	reasonable	to	defer
imaging	for	the	first	month,	because	the	majority	of	patients	will	be	significantly
improved	 at	 the	 end	 of	 that	 time	 with	 or	 without	 intervention.	 Furthermore,
meta-analysis	 of	 RCT	 data	 suggests	 that	 immediate,	 routine	 imaging	 does	 not
improve	clinical	outcomes.22

Laboratories
The	use	of	lab	tests	should	be	guided	by	the	history	and	physical.	The	majority
of	patients	will	not	need	any	lab	tests	specifically	for	the	purpose	of	elucidating
the	cause	of	LBP.	However,	if	the	history	and	physical	suggest	the	possibility	of
a	 serious	 diagnosis	 (i.e.,	 malignancy,	 infection,	 rheumatologic	 disease,
conditions	that	cause	referred	LBP),	appropriate	labs	should	be	done.	Some	have
advocated	checking	the	erythrocyte	sedimentation	rate	(ESR)	among	those	at	a
higher	risk	for	cancer	in	whom	a	malignant	lesion	is	suspected.24

Imaging

Plain	 radiographs:	 Routine	 use	 of	 lumbar	 imaging	 among	 those	 with



nonspecific	back	pain	is	not	recommended.
Many	patients	without	back	pain	have	degenerative	changes	and	many
patients	 with	 back	 pain	 will	 have	 no	 or	 nondiagnostic	 radiographic
abnormalities.
Degenerative	changes	increase	with	age	and	are	extremely	common	in
the	 elderly.	 Therefore,	 when	 degenerative	 changes	 are	 present,	 it	 is
very	difficult	to	know	if	they	are	causative.25
Plain	 films	 cannot	 detect	 disc	 herniation	 or	 nerve	 root	 impingement
and	may	not	clearly	show	evidence	of	infection	or	malignancy.
Furthermore,	 lumbar	radiography	may	be	harmful	due	 to	exposure	of
reproductive	organs	to	ionizing	radiation,	particularly	in	young,	female
patients.9
Plain	 lumbar	 radiographs	 are	 recommended	 for	 the	 initial
evaluation	of	a	vertebral	fracture	in	at-risk	patients.5
Radiography	can	also	be	performed	in	those	with	persistent	pain
with	 lesser	 risk	 factors	 for	 cancer	 and	 in	 patients	 for	 whom
ankylosing	spondylitis	is	being	considered.24
When	 obtaining	 plain	 films,	 anteroposterior	 and	 lateral	 views	 are
generally	sufficient	except	when	evaluating	certain	conditions.9

The	advantage	of	CT	and	MRI	 over	 plain	 films	 is	 clearer	 delineation	 of
bone	 and	 soft	 tissue	 abnormalities.	 Both	 modalities	 are	 capable	 of
disclosing	 disc	 herniation,	 spinal	 stenosis,	 nerve	 root	 and	 spinal	 cord
compression,	malignancy,	fractures,	and	infection.

CT	 or	 MRI	 is	 indicated	 when	 there	 is	 serious	 consideration	 of
malignancy,	 infection,	 cauda	 equina	 syndrome,	 fracture	 undiagnosed
by	plain	films,	spinal	cord	compression,	or	severe	radiculopathy.
These	modalities	should	also	be	considered	in	patients	with	prolonged
(>1	month)	moderate	to	severe	radicular	symptoms	who	are	reasonable
surgical	candidates	and	are	open	to	surgical	treatment.5
MRI	is	generally	preferred	in	patients	without	contraindications	since
it	provides	better	visualization	of	soft	tissue,	vertebral	marrow,	and	the
spinal	canal	and	does	not	subject	patients	to	ionizing	radiation.
However,	when	bony	anatomy	is	critical,	CT	is	preferable.9

TREATMENT



This	chapter	primarily	focuses	on	the	evaluation	and	management	of	LBP	in	the
primary	care	setting	and	provides	guidance	on	indications	for	specialty	referral.
Special	groups	who	were	not	considered	in	this	review	include	pregnant	women,
athletes,	and	those	with	disabilities.	Aside	from	cases	with	worrisome	features,
noninvasive	 interventions	 are	 typically	 first	 recommended	 in	 the	 treatment	 of
acute	LBP.	Guidelines	at	present	recommend:

Medications
Analgesics	 such	 as	 acetaminophen	 and	 nonsteroidal	 anti-inflammatory
drugs	 (NSAIDs)	 are	 modestly	 helpful.	 Risks	 of	 each	 class	 of	 medicine
should	 be	 weighed	 against	 the	 benefits	 given	 a	 patient’s	 risk	 factors.
Opioids	may	be	considered	as	a	 time-limited	option	for	severe	acute	LBP.
Failure	 to	 respond	 to	 a	 time-limited	 course	 of	 opioids	 should	 lead	 to
consideration	of	alternative	therapies	and	reassessment	of	its	use.26
Systemic	 steroids	 including	 both	 oral	 corticosteroids	 and	 intravenous
methylprednisolone	are	not	recommended	for	the	treatment	of	LBP	with	or
without	sciatica.5
Muscle	relaxants	have	been	shown	to	be	superior	to	placebo	for	acute	LBP.
There	is	 insufficient	evidence	to	suggest	that	one	muscle	relaxant	is	better
than	another.	Adverse	effects	associated	with	their	use,	including	sedation,
addiction,	and	hepatotoxicity,	demand	that	caution	is	used	when	prescribing
these	drugs.26,27
Antidepressants,	 particularly	 those	 that	 inhibit	 norepinephrine	 reuptake
(tricyclic	and	serotonin–norepinephrine	reuptake	inhibitors),	may	be	used	to
treat	 chronic	 LBP	 in	 patients	 without	 contraindication	 to	 their	 use.
Depression	 is	 common	 among	 patients	 with	 LBP	 and	 it	 should	 also	 be
assessed.24
Anticonvulsants	 including	 gabapentin,	 carbamazepine,	 and	 pregabalin
have	 limited	 efficacy	 in	 patients	 with	 radiculopathy.	 There	 is	 insufficient
evidence	to	recommend	their	use	in	patients	without	radiculopathy.24

Other	Nonpharmacologic	Therapies
Patient	 education	 regarding	 the	 nature	 and	 prognosis	 of	 the	majority	 of
cases	of	LBP.	Providers	should	explain	the	high	likelihood	of	improvement



within	the	first	month,	counsel	regarding	the	limitations	of	early	and	routine
imaging,	and	review	indications	for	reassessment.
Continuation	 of	 usual	 activities	 of	 daily	 living	 should	 be	 stressed	 for
most	patients.	Bed	rest	should	be	minimized	as	it	may	contribute	to	reduced
functional	 recovery.	Advice	should	be	 individualized	 regarding	a	patient’s
age	and	occupational	 status.	Work	 restrictions	and	worker’s	compensation
claims	 should	 refer	 to	 regulations	 in	 one’s	 area	 of	 practice,	 and	 there	 is
insufficient	evidence	to	guide	general	recommendations.
Moderate,	 low-stress	 aerobic	 activity	 is	 generally	 safe.	 Patients	 often
worry	 that	 any	 increase	 of	 pain	 is	 a	 harbinger	 of	 significant,	 perhaps
permanent	worsening	of	LBP	and,	therefore,	avoid	such	activities.	Based	on
findings	 from	a	Cochrane	 review,	a	graded-activity	exercise	program	may
be	helpful	for	those	with	chronic	and	subacute	back	pain,	though	the	benefit
is	less	clear	in	acute	back	pain.28
Physical	therapy	has	not	been	clearly	shown	to	be	beneficial	in	acute	LBP,
although	 therapy	 should	 be	 considered	 as	 a	 part	 of	 an	 interdisciplinary
rehabilitation	program	in	subacute	and	chronic	pain.
Back	 school	 consists	 of	 educational	 group	 sessions	 focusing	 on	 spinal
anatomy,	 biomechanics,	 ergonomics,	 lifting	 techniques,	 posture,	 and
activity	suggestions.	Evidence	is	varied	regarding	back	schools,	but	it	may
be	 more	 useful	 when	 provided	 in	 an	 occupational	 setting	 for	 those	 with
chronic	and	recurrent	pain.29
Spinal	manipulation	 can	be	helpful	 in	 acute,	 subacute,	 and	chronic	back
pain	 in	 those	 who	 do	 not	 improve	 with	 self-care	 options.	 Spinal
manipulation	may	be	as	 effective	as	other	 therapies	 commonly	prescribed
for	LBP,	 though	benefits	are	usually	short	 term	and	 its	use	should	depend
on	patient	preference	and	access.30,31
Local	heat	application	has	been	efficacious	in	acute	LBP	and	is	relatively
low	 in	 cost,	with	minimal	 risk	 of	 side	 effects.	 Patients	 should	 be	warned
against	sleeping	with	heating	pads,	owing	to	the	potential	for	burns.
Cognitive-behavioral	 therapies	 provide	 small	 to	 moderate	 benefits	 for
chronic	LBP	such	as	reduction	in	work	absenteeism,	though	no	differences
were	seen	as	compared	with	other	active	therapies.5,31,32
Multidisciplinary	 biopsychosocial	 therapy	 attempts	 to	 address	 various
aspects	 of	 LBP	 and	 involves	 physicians,	 psychologists,
physical/occupational	therapists,	and	social	workers.	It	requires	the	patient
to	take	part	in	substantial	active	therapies	(>100	hours)	that	incorporate	the
concept	 of	 functional	 restoration.	 Though	 expensive	 and	 not	 widely



available,	it	has	been	shown	to	be	effective	for	chronic	LBP.5,31,33
Due	to	variation	in	the	quality	of	studies,	data	are	inconclusive	for	the	use
of	 acupuncture,	 massage,	 and	 TENS	 units.	 These	 practices	 are	 generally
safe	 and	 depend	 on	 the	 preference	 of	 the	 individual.	There	 is	 insufficient
evidence	to	recommend	lumbar	supports	or	use	of	cold	packs.

Surgical/Interventional	Management
Injection	 therapies	 with	 epidural	 glucocorticoids	 can	 be	 considered	 in
subacute	 and	 chronic	 cases	 of	 lumbosacral	 radiculopathy	 that	 have	 not
improved	with	conservative	management	in	patients	who	desire	nonsurgical
treatment.	 Steroid	 injections	 show	 modest,	 short-term	 (3	 month)
improvements	in	pain	for	those	with	radiculopathy	due	to	a	herniated	disc,
but	 differences	were	 not	 significant	 at	 1	 year.34	 These	 benefits	 should	 be
weighed	 against	 risk	 of	 serious	 adverse	 effects.	 Steroid	 injections	 are	 not
indicated	 for	 the	 management	 of	 acute	 lumbosacral	 radiculopathy,	 spinal
stenosis,	or	nonspecific	LBP.
Surgical	 interventions:	 Patients	 with	 severe	 and	 progressive	 weakness,
cauda	 equina	 syndrome,	 or	 spinal	 infection	 warrant	 immediate	 surgical
referral	and	intervention	to	preserve	neurologic	function.24	Most	other	cases
of	LBP	do	not	require	urgent	referral.	Surgery	can	be	considered	for	those
with	 disabling	 symptoms	 and	 impaired	 quality	 of	 life	 who	 have	 not
responded	to	conservative	management.

Spinal	stenosis	may	remain	stable	or	gradually	worsen	over	time,	and
therefore,	patients	with	persistent	or	worsening	symptoms	may	benefit
from	 surgery.4,35	 As	 compared	 with	 nonsurgical	 care,	 patients
undergoing	decompressive	laminectomy	had	improved	pain	scores	and
outcomes	 after	 several	 years	 of	 follow-up.36–38	 In	 cases	 with
spondylolisthesis,	fusion	may	also	be	performed.
Lumbar	 disc	 prolapse	 with	 radiculopathy	 should	 be	 managed
nonsurgically	 for	 at	 least	 1	 month	 in	 the	 absence	 of	 progressive
neurologic	 decline	 given	 a	 natural	 history	 that	 shows	 spontaneous
regression	 in	 a	 majority	 of	 cases.4,39	 Surgery	 may	 result	 in	 faster
improvement,	and	durable	 improvement	 in	some	symptoms	was	seen
in	carefully	selected	patients.40–42
Nonspecific	 low	 back	 pain	 with	 degenerative	 disease	 without
radiculopathy	 can	 be	 managed	 with	 spinal	 fusion,	 though	 a	 shared
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decision-making	process	is	recommended	given	inconsistent	evidence
of	benefit.	Alternative	therapies	such	as	interdisciplinary	rehabilitation
should	 be	 offered,	 and	 discussion	 of	 average	 benefits,	 harms,	 and
appropriate	patient	selection	is	important.43

REFERENCES
Hartigan	AG.	Epidemiology	of	back	pain.	 In:	Haig	AJ,	Colwell	M,	 eds.	Back	Pain.	 Philadelphia:
American	College	of	Physicians,	2005:15–28.
Schiller	JS,	Lucas	JW,	Ward	BW,	Peregoy	JA.	Summary	health	statistics	for	U.S.	adults:	National
Health	Interview	Survey,	2010.	Vital	Health	Stat	10	2012;(252):1–207.
Martin	BI,	Deyo	RA,	Mirza	SK,	et	al.	Expenditures	and	health	status	among	adults	with	back	and
neck	problems.	JAMA	2008;299:656–64.
Deyo	RA,	Weinstein	JN.	Low	back	pain.	N	Engl	J	Med	2001;344:363–70.
Chou	R,	Qaseem	A,	 Snow	 V,	 et	 al.	 Diagnosis	 and	 treatment	 of	 low	 back	 pain:	 a	 joint	 clinical
practice	guideline	 from	 the	American	College	of	Physicians	 and	 the	American	Pain	Society.	Ann
Intern	Med	2007;147:478–91.
Dagenais	 S,	 Tricco	 AC,	 Haldeman	 S.	 Synthesis	 of	 recommendations	 for	 the	 assessment	 and
management	of	low	back	pain	from	recent	clinical	practice	guidelines.	Spine	J	2010;10:514–29.
Henschke	N,	Maher	CG,	Ostelo	RWJG,	et	 al.	Red	 flags	 to	 screen	 for	malignancy	 in	patients	with
low-back	pain.	Cochrane	Database	Syst	Rev	2013;(2):CD008686.
Downie	A,	Williams	CM,	Henschke	N,	 et	 al.	Red	 flags	 to	 screen	 for	malignancy	 and	 fracture	 in
patients	with	low	back	pain:	systematic	review.	BMJ	2013;347:1–9.
Jarvik	JG,	Deyo	RA.	Diagnostic	evaluation	of	low	back	pain	with	emphasis	on	imaging.	Ann	Intern
Med	2002;137:586–97.
Deyo	RA,	Rainville	J,	Kent	DL.	What	can	 the	history	and	physical	 examination	 tell	us	about	 low
back	pain?	JAMA	1992;268:760–5.
Chou	 R,	 Shekelle	 P.	 Will	 this	 patient	 develop	 persistent	 disabling	 low	 back	 pain?	 JAMA
2010;303:1295–302.
Pincus	T,	Burton	AK,	Vogel	S,	Field	AP.	A	systematic	review	of	psychological	factors	as	predictors
of	chronicity/disability	in	prospective	cohorts	of	low	back	pain.	Spine	2002;27:109–20.
Wertli	MM,	Eugster	R,	Held	U,	et	al.	Catastrophizing—a	prognostic	factor	for	outcome	in	patients
with	low	back	pain:	a	systematic	review.	Spine	J	2014;14:2639–57.
Wertli	MM,	Rasmussen-Barr	E,	Weiser	S,	et	al.	The	role	of	 fear	avoidance	beliefs	as	a	prognostic
factor	 for	 outcome	 in	 patients	 with	 nonspecific	 low	 back	 pain:	 a	 systematic	 review.	 Spine	 J
2014;14:816–36.
Young	IA.	Yellow	flags:	predicting	disability.	In:	Haig	AJ,	Colwell	M,	eds.	Back	Pain.	Philadelphia:
American	College	of	Physicians,	2005:111–8.
Kendall	NAS,	Linton	SJ,	Main	CJ.	Guide	to	assessing	psychosocial	yellow	flags	in	acute	low	back
pain:	 risk	 factors	 for	 long-term	 disability	 and	 work	 loss.	 2004	 ed.	 Wellington,	 New	 Zealand:
Accident	Compensation	Corporation	and	the	New	Zealand	Guidelines	Group.
Coste	J,	Delecoeuillerie	G,	Cohen	de	Lara	A,	et	al.	Clinical	course	and	prognostic	factors	in	acute
low	back	pain:	an	inception	cohort	study	in	primary	care	practice.	BMJ	1994;308:577–80.
van	der	Windt	DAWM,	Simons	E,	Riphagen	II,	et	al.	Physical	examination	for	lumbar	radiculopathy
due	 to	 disc	 herniation	 in	 patients	 with	 low-back	 pain.	 Cochrane	 Database	 Syst	 Rev	 2010;
(2):CD007431.
Jensen	MC,	Brant-Zawadzki	MN,	Obuchowski	N,	et	al.	Magnetic	resonance	imaging	of	the	lumbar



20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

spine	in	people	without	back	pain.	N	Engl	J	Med	1994;331:69–73.
Boden	SD,	Davis	DO,	Dina	TS,	et	al.	Abnormal	magnetic-resonance	scans	of	 the	 lumbar	spine	 in
asymptomatic	subjects.	J	Bone	Joint	Surg	Am	1990;72:403–8.
Brinjikji	W,	Diehn	FE,	Jarvik	 JG,	 et	 al.	MRI	 findings	 of	 disc	 degeneration	 are	more	 prevalent	 in
adults	with	 low	 back	 pain	 that	 in	 asymptomatic	 controls:	 a	 systematic	 review	 and	meta-analysis.
AJNR	Am	J	Neuroradiol	2015;36:2394–9.
Chou	R,	Fu	R,	Carrino	JA,	Deyo	RA.	Imaging	strategies	for	low-back	pain:	systematic	review	and
meta-analysis.	Lancet	2009;373:463–72.
Laidlaw	A.	 Physical	 examination	 for	 acute	 back	 pain.	 In:	 Haig	AJ,	Colwell	M,	 eds.	 Back	 Pain.
Philadelphia:	American	College	of	Physicians,	2005:91–8.
Chou	R.	In	the	clinic.	Low	back	pain.	Ann	Intern	Med	2014;160:ITC6-1.
Chou	R,	Qaseem	A,	Owens	D,	et	al.	Diagnostic	 imaging	for	 low	back	pain:	advice	for	high-value
health	care	from	the	American	College	of	Physicians.	Ann	Intern	Med	2011;154:181–9.
Chou	R,	Huffman	LH.	Medications	for	acute	and	chronic	low	back	pain:	a	review	of	the	evidence
for	 an	 American	 Pain	 Society/American	 College	 of	 Physicians	 clinical	 practice	 guideline.	 Ann
Intern	Med	2007;147:505–14.
van	Tulder	MW,	Touray	T,	 Furlan	AD,	 et	 al.	Muscle	 relaxants	 for	 nonspecific	 low	 back	 pain:	 a
systematic	review	within	the	framework	of	the	Cochrane	collaboration.	Spine	2003;28:1978–92.
Hayden	J,	van	Tulder	MW,	Malmivaara	A,	Koes	BW.	Exercise	therapy	for	treatment	of	non-specific
low	back	pain.	Cochrane	Database	Syst	Rev	2005;(3):CD000335.
Heymans	MW,	 van	Tulder	MW,	Esmail	R,	 et	 al.	Back	 schools	 for	 nonspecific	 low	 back	 pain:	 a
systematic	 review	within	 the	 framework	 of	 the	Cochrane	 collaboration	 back	 review	 group.	Spine
2005;30:2153–63.
Rubinstein	SM,	van	Middelkoop	M,	Assendelft	WJJ,	et	al.	Spinal	manipulative	therapy	for	chronic
low-back	pain.	Cochrane	Database	Syst	Rev	2011;(2):CD008112.
Chou	R,	Huffman	LH.	Nonpharmacologic	therapies	for	acute	and	chronic	low	back	pain:	a	review
of	 the	 evidence	 for	 an	 American	 Pain	 Society/American	 College	 of	 Physicians	 clinical	 practice
guideline.	Ann	Intern	Med	2007;147:492–504.
Henschke	N,	Ostelo	RWJG,	van	Tulder	MW,	et	al.	Behavioural	treatment	for	chronic	low-back	pain.
Cochrane	Database	Syst	Rev	2010;(7):CD002014.
Guzmán	 J,	Esmail	R,	 Karjalainen	 K,	 et	 al.	 Multidisciplinary	 bio-psycho-social	 rehabilitation	 for
chronic	low-back	pain.	Cochrane	Database	Syst	Rev	2002;(1):CD000963.
Pinto	RZ,	Maher	CG,	Ferreira	ML,	 et	 al.	 Epidural	 corticosteroid	 injections	 in	 the	management	 of
sciatica.	Ann	Intern	Med	2012;157:865–77.
Issack	PS,	Cunningham	ME,	Pumberger	M,	et	 al.	Degenerative	 lumbar	 spinal	 stenosis:	 evaluation
and	management.	J	Am	Acad	Orthop	Surg	2012;20:527–35.
Weinstein	JN,	Tosteson	TD,	Lurie	JD,	et	al.	Surgical	versus	nonsurgical	 therapy	 for	 lumbar	 spinal
stenosis.	N	Engl	J	Med	2008;358:794–810.
Atlas	 SJ,	 Keller	 RB,	 Robson	 D,	 et	 al.	 Surgical	 and	 nonsurgical	 management	 of	 lumbar	 spinal
stenosis.	Spine	2000;25:556–62.
Atlas	SJ,	Keller	RB,	Wu	Y,	et	al.	Long-term	outcomes	of	surgical	and	nonsurgical	management	of
lumbar	 spinal	 stenosis:	 8	 to	 10	 year	 results	 from	 the	 Maine	 lumbar	 spine	 study.	 Spine
2005;30(8):936–43.
Bozzao	A,	Gallucci	M,	Masciocchi	C,	 et	 al.	 Lumbar	 disk	 herniation:	MR	 imaging	 assessment	 of
natural	history	in	patients	treated	without	surgery.	Radiology	1992;185:135–41.
Weinstein	JN,	Lurie	JD,	Tosteson	TD,	et	al.	Surgical	versus	non-operative	treatment	for	lumbar	disc
herniation:	four-year	results	for	the	spine	patient	outcomes	research	trial.	Spine	2008;33:2789–800.
Lurie	JD,	Tosteson	TD,	Tosteson	ANA,	 et	 al.	 Surgical	 versus	 non-operative	 treatment	 for	 lumbar
disc	herniation:	eight-year	results	for	the	spine	patient	outcomes	research	trial.	Spine	2014;39:3–16.
Atlas	SJ,	Keller	RB,	Wu	YA,	et	al.	Long-term	outcomes	of	surgical	and	nonsurgical	management	of
sciatica	secondary	to	a	lumbar	disc	herniation:	10	year	results	from	the	Maine	lumbar	spine	study.
Spine	2005;30:927–35.



43.
Chou	 R,	 Loeser	 JD,	 Owens	 DK,	 et	 al.	 Interventional	 therapies,	 surgery,	 and	 interdisciplinary
rehabilitation	for	low	back	pain.	Spine	2009;34:1066–77.



XII	Allergy	and	Immunology



Anaphylaxis
45

Erin	L.	Reigh	and	Jennifer	M.	Monroy

GENERAL	PRINCIPLES
Anaphylaxis	 is	 an	 immediate,	 immunoglobulin	 E	 (IgE)-mediated,	 life-
threatening	 systemic	 allergic	 reaction	 caused	 by	massive	 release	 of	 vasoactive
mediators	 from	mast	 cells	 and	 basophils.	 It	 can	 be	 fatal	 if	 not	 recognized	 and
treated	promptly	with	epinephrine,	the	only	appropriate	therapy	for	anaphylaxis.

Epidemiology
Lifetime	 prevalence	 of	 anaphylaxis	 is	 around	 2%,	 and	 it	 causes	 up	 to	 1000
deaths	 annually.1,2	 The	 vast	 majority	 (80–87%)	 of	 fatal	 cases	 did	 not	 receive
epinephrine	or	it	was	delayed.2	It	remains	underdiagnosed	and	undertreated,	with
60–80%	 of	 cases	 in	 the	 emergency	 department	 (ED)	 never	 receiving
epinephrine.3

Etiology
In	 adults,	 the	most	 common	 causes	 of	 anaphylaxis	 are	 drugs	 (>50%),	 insect
venom,	 and	 foods.1,4,5	Drugs	 are	 the	most	 common	 cause	 of	 fatal	 anaphylaxis
(59%).5,6	Other	 common	 causes	 include	 radiocontrast	 medium,	 latex,	 blood
products,	NSAIDs,	anesthetic	agents,	and	exercise.4,6	Cause	remains	unknown	in
up	to	60%	of	cases.7

Pathophysiology
Anaphylaxis	is	caused	by	the	sudden,	massive	release	of	allergic	mediators	from
mast	 cells	 and	 basophils,	 leading	 to	 a	 multisystem	 allergic	 response	 that	 can



affect	any	part	of	the	body.

Preformed	 mediators	 such	 as	 histamine	 cause	 vasodilation,	 capillary
leakage,	and	smooth	muscle	contraction.	Onset	is	typically	within	minutes
of	exposure	but	may	be	delayed	by	1–2	hours.	Reactions	 that	begin	more
rapidly	tend	to	become	more	severe.1,3,4
Synthesized	mediators	 such	 as	 leukotrienes	 have	 a	 slower	 onset	 and	may
lead	 to	 recurrence	of	 symptoms	 several	 hours	 later,	 the	 so-called	biphasic
reaction.	Biphasic	reactions	occur	in	up	to	25%	of	cases,	typically	within	10
hours,	but	can	occur	later.1
Fatalities	 are	 most	 commonly	 due	 to	 asphyxia	 (45%)	 or	 cardiovascular
collapse	(41%).2	In	fatal	cases,	median	time	to	cardiovascular	collapse	was
30	minutes	for	foods,	15	minutes	for	venom,	and	5	minutes	for	drugs.1,3,4
Can	 be	 triggered	 by	 IgE-mediated	 antigen	 recognition	 (allergic
anaphylaxis)	 or	 by	 nonspecific	 mast	 cell	 stimulation	 (nonallergic
hypersensitivity	 reactions,	 formerly	 “pseudoallergic	 reactions”).	 The
presentation	and	acute	management	are	the	same.

Risk	Factors
Risk	of	severe	reactions	and	death	are	increased	in	patients	on	β-blockers,
ACE	 inhibitors,	 and	 ARBs;	 those	 with	 underlying	 respiratory	 or
cardiovascular	disease;	and	old	age.2–5
A	history	of	anaphylaxis	 increases	 risk	of	 recurrence	when	 reexposed.1,2
Severity	of	subsequent	reactions	can	vary	due	to	route	of	exposure	(oral	is
least	 immunogenic),	 time	 since	 last	 exposure	 (responses	 can	 wane	 over
time),	and	amount	of	allergen.

DIAGNOSIS

Clinical	Presentation
Due	to	the	systemic	nature	of	the	response,	the	clinical	manifestations	can
be	highly	variable	and	affect	any	organ	system.



Skin:	hives,	rash,	flushing,	pruritus,	angioedema
Respiratory	 tract:	 nasal	 congestion,	 sneezing,	 cough,	 laryngeal
edema,	wheezing,	dyspnea
Gastrointestinal	tract:	nausea,	vomiting,	diarrhea,	abdominal	pain
Genitourinary	tract:	uterine	cramps,	incontinence
Nervous	system:	dizziness,	confusion,	sense	of	impending	doom
Cardiovascular	 system:	 hypotension,	 syncope,	 chest	 pain,
tachycardia,	bradycardia

When	 possible,	 a	 history	 of	 food	 ingestion,	 drugs,	 insect	 bites,	 and	 other
exposures	should	be	taken.

Diagnostic	Criteria
The	symptoms	can	be	highly	variable,	so	the	key	to	diagnosing	anaphylaxis
is	 recognizing	 the	 system	 nature	 of	 the	 reaction.	 Diagnosis	 is	 largely
clinical	and	depends	on	the	presence	of	two	major	criteria1:

Exposure	 to	 a	 likely	 allergen	 prior	 to	 onset	 (e.g.,	 foods,	 drugs,
insects)
Symptoms	involving	two	or	more	organ	systems

Common	diagnostic	errors	include	the	following:
Cutaneous	 involvement	 is	 not	 required	 to	 make	 a	 diagnosis	 of
anaphylaxis,	though	it	occurs	in	80–90%	of	patients.1–3
Hypotension	 is	not	 required	 to	make	 a	 diagnosis	 of	 anaphylaxis.
Waiting	 to	 treat	 a	 patient	 until	 he	 or	 she	 develops	 hypotension	with
epinephrine	 can	be	 fatal.	While	hypotension	 is	 not	 a	 requirement	 for
diagnosis,	 a	 patient	 who	 develops	 hypotension	 after	 exposure	 to	 a
known	allergen	should	be	treated	for	presumed	anaphylaxis	regardless
of	other	symptoms.1–3

Differential	Diagnosis
The	 differential	 diagnosis	 for	 anaphylaxis	 includes	 sepsis/distributive	 shock,
myocardial	 infarction,	 acute	 respiratory	 distress,	 urticaria	 and	 angioedema,
vasovagal	 reactions	 and	 syncope,	 panic	 attacks,	 mast	 cell	 disorders,	 carcinoid
syndrome,	scombroidosis,	and	postmenopausal	flushing.1,2



Diagnostic	Testing
Serum	tryptase	may	be	elevated	if	checked	within	4	hours	of	the	reaction.

TREATMENT
Assess	airway,	breathing,	and	circulation.	 Intubate	 if	evidence	of	 respiratory
compromise.

Medications
Epinephrine	 is	 the	 only	 therapy	 proven	 to	 prevent	 progression	 to
respiratory	or	cardiovascular	collapse.1

Give	immediately	if	there	is	any	suspicion	for	anaphylaxis,	even	if
uncertain	or	reaction	appears	mild;	reactions	can	progress	rapidly	and
early	epinephrine	reduces	the	risk	of	death.1,2,4
There	are	no	absolute	contraindications	for	the	use	of	epinephrine
in	anaphylaxis,	including	cardiovascular	disease.1,2,4
Initial	 therapy:	 0.2–0.5	 mg	 of	 1:1000	 epinephrine	 IM	 q5–10min.
PRN

IM	 preferred	 over	 IV	 and	 SC	 due	 to	 better	 safety	 profile	 and
efficacy;	lateral	thigh	preferred	over	deltoid.1–4
Up	to	30%	of	patients	need	more	than	one	dose.1,3

Refractory	 cases:	 continuous	 infusion	 of	 1:100,000	 epinephrine
(starting	 dose	 5–15	 μg/min,	 titrate	 to	 effect).	Bolus	 IV	 dosing	 is	 not
recommended	due	to	inferior	efficacy	and	safety	profile.1,3

Consider	glucagon	in	patients	on	β-blockers	(1–5	mg	bolus	over	5	minutes,
followed	 by	 infusion	 with	 starting	 dose	 1–15	 μg/min,	 titrated	 to
response).1–3
Patient	should	be	admitted	to	the	ICU	for	cardiac	monitoring.
Adjunctive	 therapies	can	be	used	 in	addition	 to,	but	 should	never	 replace,
epinephrine.	 In	 particular,	 antihistamines	 and	 glucocorticoids	 do	 not
prevent	progression	of	anaphylaxis	and	should	never	be	used	as	first-line
therapy.	 Expert	 opinion	 lists	 the	 adjunctive	 therapies	 in	 order	 of
importance1:



1.

2.
3.

4.
5.

6.

7.

Supine	position	with	 legs	elevated	(to	avoid	death	from	empty	heart
syndrome)
Oxygen	for	prolonged	reactions
IV	 fluids	 5–10	 mL/kg	 bolus	 over	 5	 minutes,	 then	 continuous	 and
titrated	to	response
Nebulized	bronchodilators	for	wheezing
Vasopressors	 (dopamine	 2–20	μg/kg/min	 initial	 dose)	 if	 epinephrine
maximized1
Antihistamines	 (diphenhydramine	 25–50	 mg	 IV)	 may	 improve
cutaneous	symptoms.1,3
Glucocorticoids	 (methylprednisolone	 1–2	 mg/kg)	 may	 reduce
biphasic	reactions.1,3

MONITORING/FOLLOW-UP
Close	 observation	 is	 advised	 for	 6–8	 hours	 for	 patients	 who	 respond	 to
therapy.
Refer	to	an	allergist	for	assistance	in	identifying	the	trigger	and	avoiding
it.
Prescribe	an	epinephrine	autoinjector	and	instruct	on	its	use.
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GENERAL	PRINCIPLES
An	adverse	drug	reaction	 (ADR)	 is	an	undesired	or	unintended	response
that	occurs	when	a	drug	is	given	for	the	appropriate	purpose.
The	etiology	of	a	drug	reaction	can	be	immunologic,	toxic,	or	idiosyncratic
in	nature.
An	allergic	drug	reaction	is	due	to	an	immune	response	that	is	mediated	by
immunoglobulin	E	(IgE)	or	T	cells.

Classifications
Type	A	 reactions	are	predictable,	often	dose	dependent,	and	related	 to	 the
pharmacokinetics	of	the	drug.
Type	B	 reactions	 are	 unpredictable	 and	 are	 not	 related	 to	 the	 dose	 or	 the
drug’s	pharmacokinetics.	They	account	for	10–15%	of	all	ADRs.
Immune-mediated	adverse	 reactions	can	be	 from	a	variety	of	mechanisms
(see	below).	They	usually	occur	upon	reexposure	to	the	offending	drug.
Pseudoallergic	 reactions,	 formerly	 called	 anaphylactoid	 reactions,	 are
caused	by	IgE-independent	degranulation	of	mast	cells.

Epidemiology
From	1966	to	1996,	15.1%	of	hospitalized	US	patients	experienced	an	ADR
with	an	incidence	of	3.1–6.2%	of	hospital	admissions	due	to	ADRs.1
Mortality	 incidence	 from	ADRs	 is	 significant	 and	 ranges	 from	 0.14%	 to
0.32%.2



Pathophysiology
Immunologic	 mechanisms	 of	 drug	 allergy	 can	 be	 stratified	 by	 the	 Gell	 and
Coombs	classification.

Type	 I	 reaction:	 IgE-mediated	 and	 immediate	 onset.	 Presents	 as
anaphylaxis,	urticaria,	angioedema,	asthma,	and	rhinitis.
Type	 II	 reaction:	 IgG	 antibody–mediated	 cytotoxic	 hypersensitivity;
causes	 cell	 destruction	 via	 the	 complement	 system.	 Includes	 immune
cytopenias	 such	 as	 hemolytic	 anemia	 due	 to	 antibodies	 formed	 against
erythrocyte-bound	penicillin.
Type	 III	 reaction:	 IgG:antigen	 complex–mediated	 hypersensitivity;
examples	 of	 agents	 implicated	 in	 causing	 serum	 sickness	 include
antithymocyte	 globulin,	 rituximab,	 infliximab,	 and	 certain	 immunizations.
Onset	is	delayed	>1	week	after	drug	exposure.
Type	 IV	 reaction:	 delayed-type	 hypersensitivity	 that	 is	 mediated	 by
sensitized	 T	 cells	 and	 classically	 represented	 by	 contact	 dermatitis	 and
various	exanthems.

Risk	Factors
Route	of	administration	(cutaneous	most	immunogenic),	size	and	structure
of	drug,	dose,	duration,	and	frequency	of	drug	use.
Patients	 who	 are	 atopic,	 who	 have	 a	 personal	 history	 of	 multiple	 drug
allergies,	a	family	history	of	drug	allergy,	genetic	factors	(HLA	types),	and
certain	predisposing	disease	states	(human	immunodeficiency	virus	[HIV],
infectious	mononucleosis,	 cystic	 fibrosis)	 are	 at	 a	 higher	 risk	 of	 having	 a
drug	allergy.

Prevention
HLA	testing	may	be	indicated	in	susceptible	populations	for	prevention	of	a
severe	ADR	for	some	drugs	such	as	abacavir	and	carbamazepine.
It	is	important	to	note	that	hypersensitivity	wanes	with	time.	A	study	of	55
patients	 with	 a	 history	 of	 an	 immediate-type	 reaction	 to	 penicillin	 and	 a
positive	skin	test	revealed	that,	after	5	years,	only	40%	of	patients	still	had	a
positive	skin	test.3



DIAGNOSIS

Clinical	Presentation
A	 detailed	 history	 is	 essential	 in	 evaluating	 a	 possible	 drug	 reaction.
Questions	should	be	directed	at	establishing	the	following	information:

Sign	and	symptoms:	Where	and	what	order	did	 the	symptoms	begin,
progress,	and	resolve?
Timing	 of	 the	 reaction:	 From	 the	 first	 dose	 of	 suspected	 drug	 to	 the
peak	of	the	reaction	and	resolution	after	discontinuing	therapy.
Purpose	of	drug:	Was	 it	prescribed	for	 the	appropriate	 treatment,	and
can	the	signs	and	symptoms	be	explained	by	a	concurrent	illness?
Other	 medications	 the	 patient	 is	 receiving:	 This	 includes	 over-the-
counter	drugs	and	dietary	supplements.
Prior	exposure	to	the	drug	or	another	drug	in	the	same	or	related	class:
If	so,	when	was	it	given,	and	what	was	the	outcome?
History	 of	 other	 allergic	 drug	 reactions:	 Did	 the	 patient	 ever	 see	 an
allergist	and	receive	skin	testing?	What	was	the	reaction,	and	how	long
ago	was	the	reaction?

Skin	and	mucous	membrane	alterations	are	the	most	common	manifestations	of
drug	hypersensitivity:

Urticaria,	angioedema,	wheezing,	and	anaphylaxis	are	all	characteristics	of
IgE-mediated	(type	1)	reactions.

Symptoms	 do	 not	 typically	 occur	 on	 the	 first	 exposure	 to	 the
medication	unless	the	patient	has	been	exposed	to	a	structurally	related
medication.	 On	 reexposure,	 however,	 symptoms	 tend	 to	 manifest
acutely	(often	<1	hour).
IgE-mediated	 reactions	 tend	 to	 worsen	 with	 repeated	 exposure	 to
offending	medication.
Pseudoallergic	 reactions	 (non–IgE	 mediated)	 can	 be	 clinically
indistinguishable	 from	 IgE-mediated	 reactions	 because	 the	 final
common	pathway	for	their	reaction	is	mast	cell	degranulation.

Maculopapular	or	morbilliform	skin	eruptions	are	seen	most	often.
An	 eruption	 is	 usually	 symmetric,	 sparing	 palms	 and	 soles,	 and
consists	 of	 erythematous	macules	 and	 papules.	 Onset	 is	 usually	 4–7



days	into	a	course	of	therapy,	often	beginning	on	the	lower	extremities
or	over	pressure	points.
Ampicillin	 is	 implicated	 quite	 frequently	 in	 morbilliform	 rashes.
Sulfonamides	and	nonsteroidal	anti-inflammatory	drugs	(NSAIDs)	can
also	cause	these	reactions.

Fixed	drug	eruptions	occur	at	the	same	body	location	with	each	exposure
to	a	given	drug.

Hands,	feet,	mouth,	and	genitals	are	the	most	common	sites.
Typically,	the	lesion	is	round	and	well	delineated.	It	starts	as	an	area	of
edema	 and	 then	 becomes	 erythematous	 and	 darkens	 to	 a	 violaceous-
colored	area.	The	lesion	is	raised	and	nonpruritic.
Begins	 30	 minutes	 to	 8	 hours	 after	 reexposure	 to	 the	 drug.	 After
withdrawal	of	the	drug,	the	lesion	will	resolve	in	2–3	weeks	leaving	an
area	of	desquamation	and	then	hyperpigmentation.
Drugs	 commonly	 implicated	 in	 fixed	 drug	 reactions	 include
phenolphthalein,	 barbiturates,	 sulfonamides,	 tetracycline,	 and
NSAIDs.

Erythema	 multiforme	 (EM),	 Stevens-Johnson	 syndrome	 (SJS),	 and
toxic	epidermal	necrolysis	(TEN)	are	all	serious	drug	reactions	primarily
involving	the	skin.

EM	is	characterized	most	typically	by	target	lesions.
SJS	and	TEN	manifest	with	varying	degrees	of	sloughing	of	 the	skin
and	mucous	membranes	(<10%	of	the	epidermis	in	SJS	and	>30%	in
TEN).
Mortality	with	SJS	 can	be	 10%	 in	 severe	 cases	 and	with	TEN	up	 to
40%.
Drugs	 associated	 include	 sulfonamides,	 anticonvulsants,	 barbiturates,
phenylbutazone,	piroxicam,	allopurinol,	and	aminopenicillins.
Readministration	or	future	skin	testing	with	the	offending	drug	is
absolutely	contraindicated	as	symptoms	will	recur.

Serum	 sickness	 syndrome	 is	 a	 type	 III	 hypersensitivity	 reaction	 with
soluble	immune	complexes	that	activate	the	complement	system.

It	 encompasses	 a	 broad	 spectrum	 of	 symptoms,	 including	 fever,
malaise,	 rash	 (palpable	 purpura	 and	 urticaria),	 leukopenia,
lymphadenopathy,	arthralgias,	myalgias,	and	arthritis.
It	usually	begins	within	1–4	weeks	of	drug	ingestion	and	resolves	only
when	 the	 offending	 agent	 or	 its	 metabolite	 is	 completely	 eliminated
from	the	body.

Drug	 reaction	 with	 eosinophilia	 and	 systemic	 symptoms	 (DRESS)	 or



hypersensitivity	syndrome	is	a	serious	ADR,	often	presenting	with	rash	and
fever.4

Systemic	 involvement	 can	 manifest	 as	 hepatitis,	 eosinophilia,
pneumonitis,	lymphadenopathy,	and	nephritis.
Symptoms	tend	to	present	2–6	weeks	after	introduction	of	medication.
First	described	with	antiepileptic	(carbamazepine)	agents	but	has	also
been	 reported	 to	 occur	 with	 allopurinol,	 NSAIDs,	 some	 antibiotics,
and	β-blockers.

Drug-induced	hepatitis	 presents	with	 symptoms	 similar	 to	 those	 of	 viral
hepatitis	 including	 fever,	 jaundice,	 nausea,	 dark	 urine,	 and	 clay-colored
stools.

Begins	 1–5	 weeks	 after	 initiating	 drug.	 Liver	 injury	 occurs	 via
hepatocellular	and	extracellular	(cholestatic)	mechanisms.
Numerous	 drugs	 have	 been	 implicated	 including	 isoniazid,
tetracycline,	 halothane,	 methotrexate,	 acetaminophen,	 and
amoxicillin–clavulanic	acid.

Drug	fever	may	be	the	only	evidence	of	hypersensitivity	to	a	drug.
Fever	 often	 reaches	 high	 levels;	 associated	 findings	 may	 include
eosinophilia,	 transaminitis,	 leukocytosis,	 rash,	 and	 an	 elevated
erythrocyte	sedimentation	rate	(ESR).
Typically,	 it	develops	around	days	7–10	and	disappears	within	36–72
hours	after	the	drug	is	stopped,	although	it	can	persist	for	days.
While	any	drug	can	 theoretically	cause	a	drug	fever,	certain	classes,
such	 as	 anticonvulsants,	 antipyretics,	 and	 antibiotics,	 are	 the	 most
frequent	culprits.

Acute	 interstitial	 nephritis	 is	 rare	 and	 includes	 mild	 proteinuria,
microhematuria,	and	eosinophiluria.

Symptoms	 start	 days	 to	 weeks	 after	 initiating	 the	 drug.	 Associated
with	 fever,	 rash,	 and	 eosinophilia.	 Renal	 insufficiency	 resolves	 once
offending	drug	is	removed.
Can	 be	 seen	 with	 β-lactams,	 in	 particular	 methicillin,	 as	 well	 as
rifampin,	NSAIDs,	sulfonamides,	captopril,	and	allopurinol.

There	 are	 multiple	 other	 types	 of	 drug	 eruptions,	 including	 acneiform,
erythema	 nodosum,	 erythroderma,	 palpable	 purpura,	 photosensitivity
(phototoxic	and	photoallergic),	bullous	(e.g.,	pemphigus	and	pemphigoid),
lichenoid,	 lupus-like,	 alopecia,	 Sweet	 disease	 (erythematous	 plaques
infiltrated	 by	 neutrophils,	 fever,	 and	 leukocytosis),	 and	 acute	 generalized
exanthematous	pustulosis.



Diagnostic	Testing
Laboratories

Tryptase	 is	 a	mediator	 released	by	mast	 cells	 and	can	 indicate	 an	 allergic
reaction	if	elevated.

Serum	 tryptase	 should	 be	 obtained	 within	 3	 hours	 from	 start	 of
symptoms.
It	is	more	sensitive	than	serum	or	urine	histamine	levels.

Decreases	in	total	hemolytic	complement	(CH50)	or	C3	and	C4	 levels	can
be	seen	in	drug	reactions	involving	complement	activation.
A	complete	blood	count	is	useful	to	determine	if	eosinophilia	is	present.
Total	IgE	level	is	not	useful	for	drug	allergy.
Immunoassays	 such	 as	 radioallergosorbent	 test	 (RAST)	 testing	 can	 detect
drug-specific	 IgE	 antibodies	 although	 these	 are	 considered	 investigational
and	primarily	used	in	research.

Diagnostic	Procedures

Prick	and	intradermal	skin	tests	help	to	measure	an	IgE	response.	A	patient
with	a	positive	wheal-and-flare	response	identifies	a	drug	that	can	cause	a
type	1	reaction.

High	 molecular	 weight	 drugs	 such	 as	 antisera,	 egg-containing
vaccines,	 monoclonal	 antibodies,	 latex,	 and	 toxoids	 can	 be	 used
directly	as	skin	testing	reagents.
Penicillin	 has	 established	 sensitivity	 and	 specificity	 for	 skin	 testing.
The	major	determinant	of	penicillin	(Pre-Pen)	is	approved	to	evaluate
for	penicillin	allergy.
For	 skin	 testing,	 it	 is	 important	 for	 patients	 to	 abstain	 from	 using
antihistamines	 and	 tricyclic	 antidepressants,	which	 can	 interfere	with
the	wheal-and-flare	response.
There	 is	 a	 refractory	 period	 of	 2–4	weeks	 after	 an	 episode	 of	 acute
anaphylaxis	where	skin	tests	are	invalid.

Patch	testing	can	be	used	to	asses	for	a	type	IV	contact	hypersensitivity	to
topical	agents.	A	series	of	antigens	are	placed	on	the	skin	under	occlusive
dressing	and	results	read	48–72	hours	later.
Provocative	test	dosing	provides	a	direct	challenge	to	the	patient	to	confirm
that	a	suspected	drug	caused	the	clinical	manifestations.



This	approach	has	the	risk	of	a	potentially	serious	adverse	reaction	and
must	 be	 performed	 by	 a	 person	 with	 experience	 in	 managing
hypersensitivity	reactions.
A	 graded	 challenge,	 or	 incremental	 test	 dosing,	 administers	 small
doses	that	would	not	cause	a	serious	reaction	and	increases	the	dose	by
safe	increments	over	hours	to	weeks	until	therapeutic	dose	is	achieved.
Desensitization	 differs	 from	 provocative	 testing	 as	 those	 with
desensitization	 have	 established	 a	 true	 drug	 allergy.	 A	 patient
undergoing	 provocative	 testing	 has	 a	 low	 probability	 of	 a	 true	 drug
allergy	 but	 requires	 cautious	 administration	 of	 the	 drug	 to	 avoid	 a
serious	reaction.

TREATMENT
Discontinuation	of	the	suspected	drug	or	drugs	is	the	most	important	initial
approach	in	managing	an	allergic	drug	reaction.
Treatment	of	the	reaction	depends	on	the	mechanism	of	drug	allergy.

Urticarial	reactions	are	treated	with	antihistamines	and	steroids.
Anaphylaxis	is	treated	with	epinephrine	and	antihistamines.
Severe	reactions	such	as	TEN	can	be	treated	with	immunosuppressive
drugs	and	intravenous	immunoglobulin.
Serum	 sickness	 is	 treated	 with	 antihistamines	 and	 steroids.	 Rarely,
plasmapheresis	is	used.

Administer	 an	 alternative	 (not	 cross-reactive)	 drug.	 With	 sulfonamide
allergy,	 the	 cross-reactivity	 between	 antibiotic	 and	 nonantibiotic	 sulfa-
containing	drugs	is	low.
Administer	 a	 potentially	 cross-reactive	 drug	 under	 close	 medical
supervision.

The	 cross-reactivity	 between	 β-lactam	 antibiotics	 is	 variable	 and
largely	 determined	 by	 their	 side-chain	 structure	 attached	 to	 the	 β-
lactam	ring.
Prior	 to	 the	 1980s,	 cephalosporins	 had	 a	 higher	 cross-reactivity	 to
penicillin	 as	 they	 were	 contaminated	 with	 a	 small	 amount	 of
penicillin.5
Risk	of	a	cross-reaction	with	a	first-generation	cephalosporins	is	5.0%
to	16.5%,	second	generation	is	4%,	and	third	or	fourth	generation	is	1–



3%.6
Skin	 test	cross-reactivity	has	been	documented	between	carbapenems
and	 penicillins.	 Patients	 undergoing	 a	 graded	 carbapenem	 challenge
with	a	positive	penicillin	skin	test	and	a	negative	carbapenem	skin	test
did	not	have	any	hypersensitivity	reactions.5
The	 monobactam	 aztreonam	 rarely	 cross-reacts	 with	 penicillins.
Ceftazidime	 does	 share	 an	 identical	 side	 chain	 to	 aztreonam	 and	 is
highly	cross-reactive.7

Pretreatment	protocols	are	available	for	some	drugs	 to	prevent	or	mitigate
any	 reaction	 that	 might	 occur.	 Table	 46-1	 outlines	 such	 a	 protocol	 for
reactions	to	radiocontrast	media.
Drug	desensitization	is	performed	when	the	patient	has	an	identified	IgE-
mediated	reaction	and	no	alternative	medication	is	available.

The	exact	mechanism	by	which	desensitization	prevents	anaphylaxis	is
unclear.
Desensitization	 should	 be	 performed	only	 under	 the	 supervision	 of	 a
trained	allergist	in	a	location	outfitted	with	resuscitative	equipment	for
treating	anaphylaxis.
The	 drug	 must	 be	 taken	 daily	 at	 a	 specified	 dose	 to	 maintain	 the
desensitized	state.
If	 a	 dose	 of	 drug	 is	 missed	 for	 >48-hour	 period	 following	 a
desensitization	 procedure,	 the	 patient	 will	 often	 need	 to	 undergo	 a
repeat	desensitization.
Successful	 desensitization	 or	 graded	 challenge	 does	 not	 preclude	 the
development	of	a	non–IgE-mediated,	delayed	reaction	(e.g.,	rash).

TABLE	 46-1	 PRETREATMENT	 PROTOCOL	 FOR	 PATIENTS
WITH	 A	 HISTORY	 OF	 REACTIONS	 TO	 RADIOCONTRAST
MEDIA

aOr	methylprednisolone	40	mg	IV.



1.

2.

3.

4.

5.
6.
7.

bOr	ranitidine	150	mg	PO.
cOr	chlorpheniramine	10–12	mg	PO.
dEphedrine	25	mg	PO	may	also	be	given	1	h	before	a	procedure.
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GENERAL	PRINCIPLES
Alcohol	 withdrawal	 syndrome	 is	 a	 common	 problem	 seen	 in	 the	 hospitalized
patient,	 with	 20%	 of	 patients	 in	 most	 medical	 settings	 having	 an	 alcohol	 use
disorder.1	 Of	 these	 patients,	 about	 50%	 will	 exhibit	 symptoms	 of	 alcohol
withdrawal	 when	 they	 reduce	 or	 discontinue	 their	 alcohol	 consumption	 and
about	 5%	 of	 these	 will	 go	 on	 to	 have	 delirium	 tremens	 (DTs)	 or	 withdrawal
seizures.2

DIAGNOSIS

Clinical	Presentation
History

Autonomic	 hyperactivity	 typically	 begins	 within	 6	 hours	 after	 alcohol
cessation	and	subsides	within	48	hours,	although	in	severe	cases	it	can	last
>7	 days.3	 Signs	 and	 symptoms	 include	 tremulousness,	 tachycardia,
hypertension,	diaphoresis,	low-grade	fever,	nausea,	anxiety,	and	headache.4
Alcohol	withdrawal	seizures	occur	in	3%	of	alcoholic	patients.5

A	history	of	previous	alcohol	withdrawal	 seizures	 increases	 risk,	 and
up	 to	 50%	 of	 patients	 who	 seize	 have	 other	 risk	 factors,	 such	 as	 a
history	 of	 traumatic	 brain	 injury	 (36%),	 epilepsy	 (22%),	 or
cerebrovascular	accident	(CVA)	(8%).5
Most	withdrawal	seizures	occur	in	the	first	24	hours,	and	>90%	occur



in	the	first	48	hours.5
They	 are	 typically	 brief,	 generalized	 tonic–clonic	 seizures	 without
status	epilepticus,	although	partial	seizures	and	status	both	can	occur.5
Patients	 frequently	 do	 not	 show	 other	 signs	 of	 alcohol	 withdrawal
before	 seizing,	but	alcohol	withdrawal	 seizures	predict	a	high	 risk	of
progression	to	DTs.6

Alcoholic	hallucinosis	occurs	in	~25%	of	people	with	alcohol	withdrawal,
typically	beginning	within	12–24	hours	of	abstinence	and	ending	within	6
days.6

This	is	distinguished	from	DTs	by	the	lack	of	generalized	confusion.6
The	 hallucinations	may	 be	 tactile	 (e.g.,	 formication,	 the	 sensation	 of
insects	crawling	on	 the	 skin),	visual	 (e.g.,	 seeing	deceased	 relatives),
auditory,	or	olfactory.6

DTs	 usually	 begin	 at	 48–96	 hours	 and	 peak	 on	 the	 fourth	 to	 fifth	 day	 of
alcohol	cessation.	It	can	persist	for	up	to	2	weeks.3

In	 addition	 to	 hallucinations,	 patients	 have	 altered	 sensorium	 and
prolonged	 autonomic	 hyperactivity	 with	 tachycardia,	 hypertension,
diaphoresis,	low-grade	fever,	and	agitation.4
Mortality	in	untreated	patients	has	been	reported	to	be	as	high	as	35%;
but	with	adequate	treatment,	the	mortality	is	very	low	(<3%).7
Death	 usually	 results	 from	 hyperthermia,	 cardiac	 arrhythmias,
complication	 of	 withdrawal	 seizures,	 or	 concomitant	 medical
disorders.7,8
Affective	 disturbances	 such	 as	 depression,	 anxiety,	 insomnia,	 and
tremor	often	persist	for	weeks	or	months	post	withdrawal.9

Wernicke	encephalopathy	is	the	result	of	chronic	thiamine	deficiency.
It	can	be	precipitated	by	administration	of	glucose	without	thiamine.10
Left	untreated,	clinical	cases	have	a	mortality	of	20%,	with	cognitive
deficits	in	75%	of	patients.10
Subclinical	 cases	 are	 surprisingly	 common,	 with	 about	 2%	 of
unselected	 autopsies	 in	 the	 United	 States	 having	 findings	 consistent
with	a	history	of	Wernicke	encephalopathy.11
Wernicke	 encephalopathy	 classically	 presents	 with	 the	 triad	 of
confusion,	 oculomotor	 dysfunction	 (nystagmus,	 diplopia,	 rectus
muscle	weakness),	and	ataxia	(typically	of	the	lower	extremities).11
The	 long-term	 sequela	 of	 Wernicke	 encephalopathy	 is	 Korsakoff
psychosis,	 denoted	 by	 short-term	 memory	 loss,	 confabulation,	 and



memory	gaps.12

Physical	Examination
Every	patient	should	undergo	a	careful	physical	exam	to	identify	other	possible
diagnoses.	Patients	 frequently	stop	drinking	owing	 to	another	medical	problem
that	 prevents	 alcohol	 intake.	 Common	 problems	 include	 gastrointestinal	 (GI)
bleeding,	 infection,	 electrolyte	 or	 glucose	 imbalance,	 or	 liver	 failure.	 Signs	 of
cirrhosis	should	be	sought.

Diagnostic	Testing
Evaluation	virtually	always	includes	a	complete	metabolic	panel,	complete
blood	count	(CBC),	serum	alcohol	level,	and	urine	toxicology	screen.
Other	 tests	 may	 be	 guided	 by	 symptoms	 and	 include	 prothrombin
time/partial	 thromboplastin	 time	 (PT/PTT),	 urinalysis	 (UA),	 lumbar
puncture,	 electrocardiogram,	 chest	 radiograph,	 magnesium,	 phosphorus,
and	computed	tomography	(CT)	of	the	head.
A	 bedside	 glucose	 should	 be	 performed	 in	 all	 patients	 with	 altered
sensorium	or	seizures.
Stool	guaiac	aids	in	identifying	GI	bleeding.
Common	abnormalities	are	hypokalemia,	hypomagnesemia,	hyponatremia,
and	 elevated	 transaminases	 (aspartate	 aminotransferase	 >	 alanine
aminotransferase	 [AST	>	ALT]).	 In	 a	meta-analysis,	 initial	 labs	 revealing
thrombocytopenia	and/or	hypokalemia	were	found	to	correlate	with	severe
alcohol	syndrome,	which	includes	life-threatening	complications	of	alcohol
withdrawal	such	as	withdrawal	seizures	and	DTs.13
An	arterial	blood	gas	usually	reveals	a	respiratory	alkalosis.
Seizures	should	precipitate	a	brain	imaging,	such	as	noncontrast	CT	of	the
head	 or	magnetic	 resonance	 imaging	 (MRI).	 Seizures	may	 also	warrant	 a
neurology	 consultation	 in	 all	 alcoholic	 patients	 with	 new-onset	 seizure,
patients	 with	 more	 than	 six	 seizures	 during	 withdrawal,	 partial	 seizure,
status	 epilepticus,	 head	 trauma,	 new	 focal	 neurologic	 deficit,	 meningeal
irritation,	family	history	of	seizures	in	relatives	who	do	not	abuse	alcohol,
or	 prolonged	 postictal	 state.5,14	 If	 an	 alcohol-dependent	 patient	 presents
with	a	recurrent	seizure	unchanged	from	the	pattern	set	by	previous	alcohol
withdrawal	seizures	that	have	already	been	fully	evaluated,	repeat	imaging
is	not	necessary.



TREATMENT
Empiric	 treatment	 for	 all	 alcohol-dependent	 patients	 should	 start	 with
thiamine,	100	mg	IV	or	IM.
In	 patients	 with	 evidence	 of	Wernicke	 encephalopathy,	 administration	 of
500	 mg	 IV	 thiamine	 three	 times	 per	 day	 for	 2–3	 days	 followed	 by	 oral
thiamine	supplementation	guided	by	response	to	initial	 therapy	is	standard
practice.10,15	Oral	 administration	 at	 presentation	 is	 not	 adequate	 owing	 to
poor	GI	uptake.10,15
Administration	 of	 folate	 and	 a	 multivitamin	 to	 all	 alcohol-dependent
patients	is	also	standard	practice.
Fluid	 repletion	 must	 be	 individualized	 for	 each	 patient,	 as	 alcohol	 has
variable	effects	on	sodium	and	water	balance	depending	on	 the	chronicity
of	use,	although	most	patients	are	volume	depleted.
Glucose	 should	 be	 administered	 to	 those	with	 severe	 alcohol	withdrawal,
but	never	before	thiamine,	although	a	review	reported	little	evidence	that	IV
dextrose	precipitates	the	syndrome.16
Potassium	 and	 magnesium	 should	 be	 repleted	 if	 low,	 but	 empiric
magnesium	 in	 alcohol-withdrawing	 patients	 has	 not	 been	 shown	 to	 alter
seizure	frequency,	DTs,	or	other	symptoms.17
Benzodiazepines	 (BZDs)	 have	 been	 shown	 to	 be	 the	 drugs	 of	 choice	 in
meta-analyses	 and	 literature	 reviews	 to	 reduce	 the	 severity	 of	 alcohol
withdrawal,	 occurrence	 of	 delirium	 and	 seizures,	 and	 side	 effects	 of
medication,	as	well	as	entry	into	rehabilitation	following	detoxification.18,19
Symptom-based	 administration	 using	 the	Clinical	 Institute	 Withdrawal
Assessment	for	Alcohol	Scale	(CIWA-Ar)	is	effective	and	often	results	in
decreased	use	of	BZDs	and	earlier	discharge	compared	with	fixed	dosing,
or	front-loading	dosing,	but	requires	careful	and	frequent	monitoring.4,20	A
score	of	<10	is	very	mild	withdrawal,	10–15	is	mild	withdrawal,	16–20	is
modest	withdrawal,	and	>20	is	severe	withdrawal	(Fig.	47-1).21	High	doses
are	 needed	 in	 the	 first	 24	 hours	 and	 can	 be	 tapered	 over	 3–7	 days	 in
uncomplicated	patients	or	1–2	weeks	in	patients	with	DTs.22

For	 stable	 patients	 treated	 on	 a	 medical	 or	 surgical	 floor,	 the	 oral
agents	 chlordiazepoxide	 and	 oxazepam	 are	 common	 choices.
Chlordiazepoxide	 is	 used	 at	 25–100	 mg	 PO	 q6–8h	 but	 is
contraindicated	 in	hepatic	 insufficiency.23	Oxazepam,	 15–30	mg	 PO
q6–8h,	is	preferred	in	patients	with	liver	disease.22



Diazepam	 and	 lorazepam	 have	 the	 advantage	 of	 both	 IV	 and	 PO
dosing,	 allowing	 for	 rapid	 initial	 therapy	 if	 there	 is	 concern	 for	 a
seizure	 or	 the	 patient	 cannot	 take	medications	 PO.	Diazepam	 has	 a
longer	half-life	and	is	a	common	choice	in	the	emergency	department
(ED),	with	 initial	 therapy	of	 5–10	mg	 IV	q10min	until	 the	 patient	 is
calm.24	Lorazepam	is	typically	given	at	2–4	mg	IV	q10min	as	needed
and	 is	 a	 common	 choice	 for	 patients	 in	 DTs	 requiring	 a	 drip	 in	 the
intensive	care	unit	(ICU),	sometimes	requiring	>24	mg/h.24

In	patients	with	refractory	DTs,	phenobarbital	can	be	effective	when	given
with	 BZDs.14	 There	 is	 also	 some	 evidence	 for	 the	 use	 of	 propofol	 or
dexmedetomidine	in	refractory	patients	in	the	ICU.7,25
β-Blockers,	 such	 as	 propranolol,	 and	 α-blockers,	 including
dexmedetomidine	 and	 clonidine,	 should	 not	 be	 used	 as	monotherapy	 but
can	be	helpful	in	controlling	autonomic	symptoms.4,25
The	 anticonvulsant	 carbamazepine	 is	 also	 an	 acceptable	 supplement	 of
BZDs	 to	 reduce	 autonomic	 symptoms.	 It	 has	 been	 shown	 to	 be	 equal	 in
efficacy	to	phenobarbital	and	oxazepam	for	patients	with	mild	to	moderate
withdrawal	 symptoms	 but	 has	 not	 been	 evaluated	 for	 treating	 DTs.4
Valproate	may	 also	 reduce	 the	 symptoms	 of	 alcohol	withdrawal.4	 On	 the
other	 hand,	 phenytoin	 has	 not	 been	 shown	 to	 be	 effective	 in	 controlling
withdrawal	 seizures.26	 Despite	 their	 proven	 benefit	 as	 adjunctive
medications,	 anticonvulsants	 should	 not	 be	 used	 for	 monotherapy	 for
alcohol	withdrawal,	including	seizures.
Neuroleptics	 cannot	 be	 used	 as	 solo	 therapy,	 but	 haloperidol	 is	 a	 useful
adjunct	to	BZDs	for	alcoholic	hallucinosis	or	DTs.7	Haloperidol	can	lower
the	 seizure	 threshold	 and	 prolong	 the	 QTc	 interval,	 but	 it	 is	 safe	 at	 low
doses	(5	mg	PO,	IM,	or	IV	q8h	PRN)	if	the	patient’s	electrolytes	have	been
corrected	 and	 he	 or	 she	 is	 receiving	 BZDs.7	 Newer	 antipsychotics,	 like
risperidone	 and	olanzapine,	may	have	 a	 better	 safety	 profile	 but	 have	not
been	evaluated	thoroughly	in	the	treatment	of	alcohol	withdrawal.14





FIGURE	 47-1	 Clinical	 Institute	 Withdrawal	 Assessment	 of	 Alcohol	 Scale,
revised	(CIWA-Ar).
From	Sullivan	JT,	Sykora	K,	Schneiderman	J,	et	al.	Assessment	of	alcohol	withdrawal:	the	revised	Clinical
Institute	Withdrawal	Assessment	for	Alcohol	Scale	[CIWA-Ar].	Br	J	Addict	1989;84:1353–7.

SPECIAL	CONSIDERATIONS
Hospitalization	is	a	good	opportunity	to	arrange	referral	for	long-term	treatment
of	alcohol	dependence.



1.
2.

3.

The	American	Psychiatric	Association	(APA)	treatment	guidelines	suggest
screening	 for	 comorbid	 psychiatric	 conditions	 and	 trying	 to	 engage	 the
patient	in	long-term	outpatient	relapse	prevention.27
Best	practice	 for	early	postdetoxification	 involves	28-day	 residential	 care,
intensive	outpatient	therapy	with	frequent	visits,	or	day	hospital	care.22
Alcoholics	 Anonymous	 (AA)	 and	 other	 12-step	 self-help	 programs	 are
effective	for	many	people.22	If	a	patient	shows	an	interest	in	change,	such	a
meeting	should	be	identified	for	his	or	her	attendance	after	discharge.
A	 brief	 motivational	 interview	 has	 been	 shown	 to	 be	 effective	 in
decreasing	alcohol	abuse	among	ED	patients	but	has	not	proved	successful
in	improving	long-term	outcomes	in	hospitalized	patients.28	More	in-depth
counseling	 sessions	 by	 nurses	 on	 the	medicine	 floor	 have	 been	 shown	 to
improve	long-term	outcomes,	however.28
Various	 types	 of	 behavioral	 therapies	 including	 cognitive	 behavioral
therapy	and	marital	therapy	have	shown	benefit	in	long-term	outcomes.29
Medications	 available	 for	 the	 treatment	 of	 alcohol	 dependency	 are
naltrexone,	 acamprosate,	 and	 disulfiram.	 A	 large,	 randomized	 trial
published	 in	2006	 looked	at	optimal	 therapy	for	alcoholism	by	comparing
different	 combinations	 of	 medical	 management	 with	 naltrexone,
acamprosate,	 or	 placebo	 with	 or	 without	 behavioral	 therapy.30	 Medical
management	consisted	of	a	nine-session	intervention	focused	on	medication
compliance	 and	 encouragement	 of	 abstinence.	 The	 percentage	 of	 days
abstinent	was	best	with	medical	management	 and	naltrexone	 alone	 (81%)
followed	 by	 medical	 management,	 placebo,	 and	 behavioral	 therapy
(79%).30	 Medical	 management	 and	 placebo	 without	 behavioral	 therapy
(75%)	were	superior	to	behavioral	therapy	without	medical	management	or
pills	 (66%).30	 Acamprosate	 showed	 no	 benefit	 over	 placebo.30	 Other
medication	that	can	been	used	with	varying	levels	of	success	and	evidence
include	baclofen,	ondansetron,	sertraline,	and	topiramate.31
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GENERAL	PRINCIPLES
In	 2011,	 there	 were	 over	 two	 million	 human	 exposures	 logged	 into	 the
National	Poison	Data	System.1
Analgesic	 exposure	 was	 the	 substance	 class	 with	 the	 highest	 exposure
frequency,	 with	 over	 11%	 of	 the	 calls,	 while
sedatives/hypnotics/antipsychotics	were	the	fourth	most	common	substance
class	with	over	6%	of	the	calls.1
Furthermore,	there	were	over	48,000	poisoning	deaths	in	the	United	States
in	2013	alone.2
This	 chapter	 discusses	 the	 approach	 to	 the	 undifferentiated	 poisoned
patient,	 aspirin	 and	 acetaminophen	 overdoses,	 general	 toxidromes,	 and
finally	opioid	intoxication	and	withdrawal.

APPROACH	 TO	 THE
UNDIFFERENTIATED	 POISONED
PATIENT
When	presented	with	an	undifferentiated	overdose	patient,	certain	physical	exam
and	laboratory	findings	can	give	clues	to	the	specific	exposure.	In	addition	to	a
complete	history,	each	patient	presenting	following	an	unknown	overdose	should
receive	the	following	evaluation.



The	 complete	 physical	 exam	 should	 pay	 special	 attention	 for	 signs	 for
specific	toxidromes.
An	ECG	should	evaluate	for	cardiac	effects	of	potential	ingestants.
An	 acetaminophen	 concentration	 and	 aspartate	 transaminase	 (AST)	 to
evaluate	for	acetaminophen	toxicity
Obtaining	a	serum	salicylate	concentration	should	be	considered.	A	serum
salicylate	 concentration	 must	 be	 obtained	 in	 any	 patient	 demonstrating
signs	of	or	reporting	an	aspirin	overdose.

It	has	been	suggested	that	a	serum	salicylate	concentration	may	not	be
required	 for	 fully	 conscious	 asymptomatic	 patients	 who	 deny	 taking
aspirin.
However,	 the	 inappropriate	 attribution	 of	 the	 vague	 signs	 and
symptoms	 of	 salicylate	 toxicity	 to	 other	 diagnoses	 could	 result	 in
significant	consequences.

A	urine	drug	screen	should	be	obtained.

ASPIRIN	OVERDOSE
As	with	 the	 undifferentiated	 poisoned	patient,	 patients	 presenting	 after	 an
aspirin	overdose	should	undergo	a	full	history	and	physical.
A	 reported	 history	 of	 ingesting	 150	 mg/kg	 of	 body	 weight	 or	 6.5	 g	 of
aspirin	(whichever	is	less)	is	concerning	for	potential	systemic	toxicity.
Abdominal	 pain,	 nausea,	 emesis,	 tinnitus,	 and	 lethargy	 are	 clinical
characteristics	of	patients	presenting	with	an	aspirin	overdose.
Following	ingestion,	aspirin	is	rapidly	hydrolyzed	to	salicylate,	and	a	serum
salicylate	concentration	will	guide	treatment.
A	 basic	 metabolic	 panel	 and	 anion	 gap,	 lactate	 concentration,	 arterial	 or
venous	blood	gas	determination,	and	serum	or	urine	ketones	may	lend	clues
to	an	unrecognized	aspirin	overdose.
Classically,	 salicylate	 poisoning	 is	 associated	 with	 a	 primary	 respiratory
alkalosis	and	a	primary	metabolic	acidosis	resulting	in	net	alkalemia.
Salicylate	 concentrations	 need	 to	 be	 interpreted	 in	 the	 context	 of	 the
reported	units.

In	 the	 United	 States,	 serum	 salicylate	 concentrations	 are	 commonly
reported	in	mg/dL.
Serum	 salicylate	 concentrations	 may	 also	 be	 reported	 in	 mg/L	 and



μg/mL.
This	become	particularly	problematic	for	patients	transferred	from	an
institution	using	a	different	reporting	system	from	the	receiving	facility
as	the	difference	in	result	could	be	falsely	interpreted	as	improvement
or	incorrectly	interpreted	as	requiring	aggressive	therapy.

Salicylate	 concentrations	 need	 to	 be	 repeated	 every	 2–4	 hours	with	more
frequent	monitoring	for	cases	of	significant	salicylate	 toxicity.	Monitoring
can	stop	once	the	salicylate	concentration	is	clearly	down	trending	and	<30
mg/dL	based	on	a	minimum	of	two	levels	with	one	being	done	a	minimum
of	 8	 hours	 after	 the	 time	 of	 ingestion.	 Pharmacokinetics	 are	 altered	 in
overdose,	and	consultation	with	a	medical	 toxicologist	or	 the	 local	poison
control	 center	 (1-800-222-1222)	 should	 be	 obtained	 in	 any	 patient	 with
altered	 metal	 status	 attributable	 to	 aspirin	 and	 any	 detectible	 salicylate
concentration	 or	 with	 an	 increasing	 serum	 salicylate	 concentration	 at	 or
above	30	mg/dL.
There	is	no	antidote	for	aspirin;	treatment	for	aspirin	overdose	is	supportive
and	based	on	levels.

Following	 an	 acute	 aspirin	 overdose,	 sodium	 bicarbonate	 therapy
dosed	 as	 150	mEq	NaHCO3	 in	 one	 liter	 of	D5W	with	 40	mEq	KCl
added	to	each	liter	should	be	started	when	the	salicylate	concentration
is	at	or	above	30	mg/dL.
Sodium	 bicarbonate	 administration	 is	 influenced	 by	 the	 acid–base
status	of	 the	patient	but	 is	generally	 initiated	at	a	 rate	of	1.5–2	 times
maintenance	 to	 alkalinize	 the	 urine	 and	 aid	 in	 renal	 salicylate
excretion,	which	 is	highly	dependent	on	urine	pH.3	The	goal	urinary
pH	is	7.5–8.	Alkalemia	is	essential	to	preventing	salicylate	penetration
into	 the	 central	 nervous	 system.	 Caution	 should	 be	 used	 when
administering	sodium	bicarbonate	 therapy	 in	patients	with	congestive
heart	 failure	 or	 any	 medical	 condition	 where	 they	 may	 experience
difficulty	with	the	volume	of	infusion,	and	the	rate	should	be	adjusted
accordingly.
Renal	 consultation	 for	 hemodialysis	 should	 be	 considered	 once	 the
salicylate	 concentration	 reaches	80	mg/dL	as	 this	will	 allow	setup	of
hemodialysis	 before	 the	 serum	 concentration	 reaches	 >90	mg/dL,	 an
indication	for	dialysis	in	an	acute	overdose.
Caution	should	be	used	 in	cases	of	respiratory	failure	where	sedation
and	mechanical	ventilation	can	impair	minute	ventilation	and	become
rapidly	fatal	if	PCO2	is	allowed	to	rise	with	a	fall	in	pH.	Consultation



with	a	medical	 toxicologist	or	 the	 local	poison	center	can	help	guide
treatment	in	cases	of	respiratory	failure.

ACETAMINOPHEN	OVERDOSE
After	 obtaining	 a	 complete	 history	 and	 physical,	 patients	 presenting
following	an	acetaminophen	overdose	should	undergo	laboratory	evaluation
including	an	acetaminophen	concentration	and	an	AST.
Patients	reporting	an	acetaminophen	ingestion	of	150	mg/kg	or	greater	are
at	 risk	 for	 hepatic	 toxicity.	 However,	 overdose	 histories	 are	 not	 always
accurate.	 An	 acetaminophen	 concentration	 is	 essential	 for	 evaluating
potential	toxicity	risk.
An	acetaminophen	concentration	should	be	obtained	at	 least	4	hours	after
the	 reported	 start	 time	 of	 their	 ingestion	 and	 as	 soon	 as	 possible	 if	more
than	4	hours	have	past	since	their	ingestion.	Acetaminophen	concentrations
from	 patient’s	 presenting	within	 24	 hours	 of	 their	 acute	 ingestion	 can	 be
interpreted	using	the	Rumack-Matthew	Nomogram4	if	their	AST	is	normal.

Acetylcysteine	 is	 the	antidote	used	for	patients	at	 risk	for	possible	or
probable	acetaminophen	toxicity	and	should	be	started	for	anyone	with
a	 concentration	 of	 150	 μg/mL	 or	 higher	 at	 4	 hours	 following	 their
ingestion.	Table	48-15	lists	acetaminophen	concentrations	and	the	time
following	ingestion	where	acetylcysteine	should	be	started,	and	Table
48-26	 lists	 acetylcysteine	 dosing	 for	 patients	 presenting	 within	 24
hours	of	their	ingestion.
Acetylcysteine	can	be	discontinued	after	the	21-hour	infusion	protocol
if	laboratory	data	sent	following	20	hours	of	continuous	acetylcysteine
therapy	demonstrates	an	undetectable	acetaminophen	concentration,	an
INR	<	2,	an	AST	that	has	not	 increased,	and	 the	patient	 is	otherwise
clinically	stable	and	at	their	baseline.
A	medical	 toxicologist	or	 the	local	poison	center	should	be	contacted
for	any	patient	presenting	24	hours	or	more	following	 their	 ingestion
with	a	detectible	acetaminophen	level	or	an	elevated	AST.
A	 medical	 toxicologist	 or	 the	 local	 poison	 center	 should	 also	 be
contacted	 for	 any	 patient	 with	 an	 elevated	 AST	 following	 an
acetaminophen	overdose	regardless	of	their	time	of	presentation.



TABLE	 48-1	 ACETYLCYSTEINE	 IN	 ACETAMINOPHEN
OVERDOSE

Time	Since	Ingestion Level	At	or	Above	Which	Acetylcysteine	Should	Be	Started
4	h 150	μg/mL
8	h 75	μg/mL
12	h 37.5	μg/mL
16	h 18.75	μg/mL
20	h 9.375	μg/mL

Data	 from	 Rumack	 BH.	 Acetaminophen	 hepatotoxicity:	 the	 first	 35	 years.	 Clin	 Toxicol	 (Phila)
2002;40:3–20.

TABLE	 48-2	 ACETYLCYSTEINE	 DOSING	 FOR	 PATIENTS
WEIGHING	>40	KG

Loading	dose 150	mg/kg	in	200	mL	of	diluent	infused	over	60	min
Dose	2 50	mg/kg	in	500	mL	of	diluent	infused	over	4	h	at	a	rate	of	12.5	mg/kg/h
Dose	3 100	mg/kg	in	1000	mL	of	diluent	administered	over	16	h	at	a	rate	of	6.25	mg/kg/h

From	 Acetadote	 (acetylcysteine)	 injection.	 In:	 Highlights	 of	 Prescribing	 Information.	 Nashville,	 TN:
Cumberland	 Pharmaceuticals	 Inc,	 2006.	 Available	 from
http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/021539s004lbl.pdf	(last	accessed:	3/14/2016).

http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/021539s004lbl.pdf


TOXIDROMES
Toxidromes	 are	 a	 pattern	 of	 physical	 exam	 findings	 that	 can	 suggest	 a
specific	class	of	xenobiotic	exposure;	once	recognized,	this	can	help	guide
patient	 treatment.	 Consultation	 with	 a	 medical	 toxicologist	 or	 the	 poison
center	may	be	necessary.
Below	are	characteristics	of	selected	toxidromes.

Anticholinergic	(Antimuscarinic)	Toxidrome
Anticholinergics	 medications	 include	 antihistamines,	 scopolamine,
atropine,	 and	 tricyclic	 antidepressants	 to	 name	 a	 few.	 This	 class	 of
medications	 is	 found	 in	 prescription	 and	 many	 over-the-counter
medications.	 There	 are	 also	 plants	 that	 produce	 anticholinergic	 effects.
Thus,	a	careful	medication	and	exposure	history	is	important.
Signs	 and	 symptoms	 of	 the	 anticholinergic	 toxidrome	 include:	mydriasis,
tachycardia,	 anhidrosis,	 hypoactive	 bowel	 sounds	 altered	 sensorium
(hallucinations,	psychosis,	and	delirium),	flushing,	and	urinary	retention.
Treatment	of	patients	presenting	with	signs	of	an	anticholinergic	toxidrome
is	mostly	supportive,	including	IV	fluids	and	benzodiazepines	as	needed	for
agitation.
In	 selected	 cases	 of	 severe	 antimuscarinic	 toxicity	 consider	 administering
physostigmine.	A	medical	toxicologist	or	the	local	poison	center	should	be
contacted	for	advice	on	physostigmine	administration.

Cholinergic	Toxidrome
Cholinergic	agents	include	organophosphates	and	carbamates.	These	agents
include	 medical	 and	 nonmedical	 applications.	 Medications	 include
acetylcholinesterase	 inhibitors	 such	 as	 neostigmine	 and	 central
acetylcholinesterase	 inhibitors	such	as	donepezil.	Nonmedical	applications
include	pesticides.
Signs	 and	 symptoms	 of	 the	 cholinergic	 toxidrome	 include	 diarrhea,
urination,	miosis,	bronchorrhea	and	bronchospasm,	emesis,	lacrimation,	and
salivation.
Treatment	is	supportive.



Severe	 intoxication	may	 require	 atropine	 administration	 at	 0.5–1	mg
IV	with	increasing	doses	if	needed.
Seizures	should	be	treated	with	IV	benzodiazepines.
If	 there	 is	 concern	 for	 organophosphate	 poisoning,	 a	 medical
toxicologist	 or	 the	 local	 poison	 center	 should	 be	 consulted	 and
pralidoxime	administration	should	be	considered.	Pralidoxime	can	be
dosed	 at	 1–2	 g	 IV	 once	 followed	 by	 bolus	 dosing	 or	 a	 continuous
infusion	if	symptoms	remain	or	recur.

Sympathomimetic	Toxidrome
Sympathomimetic	 agents	 include	 medications	 (e.g.,	 ephedrine	 containing
medications)	 as	 well	 as	 illicit	 substances,	 including	 cocaine,	 and
amphetamines.
Signs	 and	 symptoms	 of	 the	 sympathomimetic	 syndrome	 include
tachycardia,	 hypertension,	 hyperthermia,	 diaphoresis,	 mydriasis,	 and
agitation.
Treatment	is	supportive	and	includes	IV	fluids,	benzodiazepines	IM,	IV,	or
PO,	and	cooling	if	the	patient	has	significantly	hyperthermia.

Sedative-Hypnotic	Toxidrome
Sedative-hypnotic	 agents	 are	 generally	 prescribed	 for	 treating	 sleep
disorders.	 Medications	 include	 benzodiazepines	 (e.g.,	 temazepam)	 and
nonbenzodiazepines	(e.g.,	zolpidem).
Signs	 and	 symptoms	 of	 the	 sedative-hypnotic	 syndrome	 include
somnolence,	coma,	slurred	speech,	ataxia,	and	respiratory	depression.
Treatment	is	supportive.

Isolated	 benzodiazepine	 exposure	 is	 relatively	 safe	 even	 with
substantial	 ingestion;	 however,	 coingestions	 may	 cause	 significant
abnormalities.
It	is	not	recommended	to	give	the	reversal	agent	flumazenil	in	a	patient
with	 unknown	 tolerance,	with	 chronic	 benzodiazepine	 use,	 or	with	 a
mixed	overdose.



OPIOID	INTOXICATION
There	 is	 an	 epidemic	 of	 opioid	 related	 overdose	 deaths	 currently	 in	 the
United	 States.	 There	 has	 been	 a	 200%	 increase	 in	 the	 number	 of	 opioid-
related	 overdose	 deaths	 since	 2000.7	 Opioid-related	 overdose	 can	 occur
from	the	usage	of	opioids	in	any	form.
Signs	 and	 symptoms	 of	 opioid	 intoxication	 include	 sedation	 and	 coma,
euphoria,	 bradycardia	 and	 orthostatic	 hypotension,	 respiratory
depression/hypopnea/apnea,	 miosis,	 hypoactive	 bowel	 sounds,	 cyanosis,
and	possibly	seizure	(tramadol,8	meperidine9).
Laboratory	 evaluation	 can	 include	 basic	 serum	 electrolytes	 and	 glucose.
Opioid-intoxicated	patients	may	be	under	the	influence	of	other	substances;
frequently,	 a	 urine	 drug	 screen	 is	 sent	 on	 patients	 presenting	with	 altered
mental	status.	Results	can	suggest	potential	exposure	but	are	not	indicative
of	a	level	of	intoxication.

ECG	is	indicated	in	any	patient	intoxicated	with	is	methadone	that	can
prolong	 the	 QTc	 and	 when	 coingestants	 with	 cardiac	 toxicity	 are
suspected.

Treatment	of	opioid-intoxicated	patients	is	primarily	supportive.
Depending	 on	 the	 severity	 of	 the	 intoxication,	 intubation	 may	 be
necessary.
Naloxone	 should	 be	 given	 to	 rapidly	 reverse	 the	 effects	 of	 opioid
intoxication	 in	 any	 patient	 demonstrating	 significant	 respiratory
depression.10

Caution	 should	be	used	when	administering	naloxone	 to	opioid-
dependent	patients	as	this	can	precipitate	acute	withdrawal.
In	 cases	 of	 opioid	 dependence,	 low	 dose	 naloxone	 should	 be
administered	with	dose	 titration	as	needed	 to	 reverse	 respiratory
depression	and	prevent	intubation.

Naloxone	is	available	in	0.4	mg/mL	and	1	mg/mL	concentrations	and
should	be	diluted	in	normal	saline	to	a	concentration	of	0.04	mg/mL.
For	 symptomatic	 respiratory	depression,	 administer	 an	 initial	dose	of
0.04	mg	and	monitor	for	every	2	minutes	until	respiratory	depression
improves	(up	to	10	mg	of	naloxone).11
Naloxone’s	 onset	 of	 action	 is	 ~2	 minutes	 after	 intravenous
administration.	The	duration	of	action	of	naloxone	is	shorter	than	that
of	most	 opioid	 analgesics;	 be	 prepared	 to	 repeat	 the	 dose	 or	 begin	 a



continuous	 naloxone	 infusion	 (two-thirds	 of	 the	 effective	 dose
administered	converted	into	an	hourly	rate).
If	 there	 is	 no	 clinical	 improvement	 after	 10	 mg	 of	 naloxone,	 an
alternative	diagnosis	is	likely.
Some	 opioids	 are	 thought	 to	 be	 more	 resistant	 to	 naloxone	 (e.g.,
buprenorphine,	codeine,	fentanyl)	and	may	require	higher	initial	doses
(10	mg)	for	full	response.
Alternative	 routes	 of	 administration	 include	 intramuscular,
subcutaneous,	intranasal,	and	endotracheal	routes.	These	offer	different
bioavailability	 and	 onset	 of	 action	 when	 compared	 to	 intravenous
naloxone.12
Gastric	 decontamination	 with	 activated	 charcoal	 is	 not	 indicated	 for
opioid	ingestion	alone,	given	the	risk	of	aspiration	and	the	efficacy	of
naloxone	therapy	and	supportive	care.

OPIOID	WITHDRAWAL
Opioid	withdrawal	may	 be	 seen	 in	 any	 patient	 on	 chronic	 opioid	 therapy
following	its	abrupt	discontinuation.
Signs	and	symptoms	of	withdrawal	may	begin	as	early	as	4–6	hours	after
the	last	dose	of	a	short-acting	opioid	and	up	to	24–48	hours	after	cessation
of	a	long-acting	opioid	such	as	methadone.13
Opioid	 withdrawal	 is	 extremely	 unpleasant	 but	 generally	 not	 life-
threatening	in	otherwise	healthy	adults.13
Typical	signs	and	symptoms	of	opioid	withdrawal	are	shown	in	Table	48-3.
Treatment	of	opioid	withdrawal	is	focused	on	symptomatic	and	supportive
care.

The	 Clinical	 Opioid	Withdrawal	 Scale	 (COWS)	 and	 the	Clinical
Institute	Narcotic	Assessment	 (CINA)	 withdrawal	 instrument	 were
validated	as	for	monitoring	patients	for	signs	of	opioid	withdrawal.14
Methadone	 has	 been	 used	 to	 treat	 the	 objective	 signs	 of	 opioid
withdrawal15;	 however,	 caution	 needs	 to	 be	 used	 when	 prescribing
methadone	for	opioid	withdrawal	as	opioid	toxicity	is	possible.

Consultation	 with	 an	 addiction	 medicine	 specialist	 should	 be
considered	 before	 prescribing	methadone	 for	 opioid	 withdrawal
in	nonpregnant	patients.



Consultation	 with	 pain	 management	 and	 obstetrics	 should	 be
obtained	in	any	pregnant	patient	with	signs	of	opioid	withdrawal
as	withdrawal	 can	be	detrimental	 to	 the	 fetus	 and	 fetal	 viability
needs	to	be	documented.
Methadone	can	be	used	 in	pregnancy	 to	 treat	opioid	withdrawal
as	 its	benefits	outweigh	 its	potential	 for	 fetal	 risk,	despite	being
pregnancy	category	C.16
Physician’s	 need	 to	 remember	 that	 they	 are	 not	 permitted	 to
prescribe	 methadone	 for	 opioid	 maintenance	 treatment,	 unless
specially	 licensed.17	 However,	 physicians	 can	 administer
methadone	 for	 the	 temporary	 treatment	 of	 acute	 opioid
withdrawal	 in	 patients	 hospitalized	 for	 a	 separate	 medical
condition.17
The	 initial	 dose	 of	 methadone	 is	 20–30	 mg	 daily	 with	 an
additional	 5–10	 mg	 given	 after	 2–4	 hours	 if	 the	 patient	 is
symptomatic.	 The	 dose	 is	 titrated	 to	 a	 goal	 of	 preventing
symptoms	for	24	hours.18
Obstetrics	 and	 pain	 management	 can	 help	 guide	 methadone
dosing	and	titration	in	pregnancy.

Clonidine	can	be	used	to	treat	symptoms	of	opioid	withdrawal.	Given
at	an	initial	dose	of	0.1–0.2	mg	orally,	clonidine	can	be	increased	to	a
maximum	 of	 1	mg/d	 as	 needed	 until	 symptoms	 resolve.	 The	 patient
can	then	be	maintained	at	up	to	1.2	mg/d	divided	into	three	doses	and
tapered	 gradually	 over	 7–10	 days	 after	 opioid	 cessation	 to	 prevent
clonidine	withdrawal.	Clonidine	should	be	held	and	the	dose	adjusted
for	hypotension	and	bradycardia.19
Benzodiazepines	 can	 also	 be	 added	 to	 clonidine	 therapy,	 especially
when	opioid	therapy	cannot	be	used	(e.g.,	lorazepam	1–2	mg	PO	or	IV
q4h	PRN).
Additional	symptom-specific	therapies	include

Ondansetron	4–8	mg	PO	or	IV	q6h	or	prochlorperazine	5–10	mg
PO	or	IV	q6h,	both	PRN	for	nausea.
Loperamide	4	mg	PO	then	2	mg	PO	PRN	diarrhea	up	to	16	mg/d
as	needed	for	diarrhea.

Refer	any	patient	with	a	 substance	use	disorder	 to	drug	 rehabilitation	and
Narcotics	Anonymous	programs.
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Audiometry
Autoimmune	hepatitis
Autologous	blood	donation
Autonomic	hyperactivity
AVR.	See	Aortic	valve	replacements	(AVR)
Azithromycin
B
β2-adrenergic	agents
Back	school
Bacteremia

diagnosis
clinical	presentation
diagnostic	testing
history
laboratories
physical	examination

epidemiology
general	principles
risk	factors
treatment

Bacterial	meningitis
Balloon-occluded	retrograde	transvenous	obliteration	(BRTO)
β-blockers

acute	coronary	syndromes
atrial	fibrillation
heart	failure,	management	of
perioperative	hypertension
preoperative	cardiac	evaluation

Behavioral	therapy
Benign	paroxysmal	positional	vertigo	(BPPV)
Benzodiazepines	(BZDs)
Bethanechol
Bilateral	edema
Biliary	disorders
Bisphosphonates



Bivalirudin
Biventricular	pacing
Bleeding	diathesis
Bleeding	time	(BT)
Blood	cultures
Blood	stream	infection	(BSI)
Blood	transfusions
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CAM.	See	Confusion	Assessment	Method	(CAM)
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surgical	management
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CAUTI.	See	Catheter-associated	urinary	tract	infections	(CAUTI)
CBC.	See	Complete	blood	count	(CBC)
CCB.	See	Calcium	channel	blockers	(CCB)
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Chemotherapy-induced	peripheral	neuropathy	(CIPN)
Chest	discomfort
Chest	pain

diagnosisChest	pain	(Continued )
disease-specific	confirmatory	testing
electrocardiography
history
imaging
laboratories
physical	exam

differential	diagnosis
general	principles
historical	features	associated	with	angina
treatment
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Chlordiazepoxide
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Chronic	back	pain
Chronic	bronchitis
Chronic	heart	failure
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imaging
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surgical	management

Chronic	hepatitis
Chronic	hyponatremia
Chronic	kidney	disease	(CKD)

general	principles
stigmata	of
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Chronic	obstructive	pulmonary	disease	(COPD)
diagnosis

clinical	presentation
diagnostic	procedures
diagnostic	testing
differential	diagnosis
history
imaging
laboratories
physical	examination



general	principles
classification
definition
etiology
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outcome/prognosis
treatment

acute	exacerbations
stable

Chronic	renal	failure,	anemia	of
CINA.	See	Clinical	Institute	Narcotic	Assessment	(CINA)
CIPN.	See	Chemotherapy-induced	peripheral	neuropathy	(CIPN)
Ciprofloxacin
CKD.	See	Chronic	kidney	disease	(CKD)
Clindamycin
Clinical	Institute	Narcotic	Assessment	(CINA)
Clinical	Institute	Withdrawal	Assessment	for	Alcohol	Scale	(CIWA-Ar)
Clinical	Opioid	Withdrawal	Scale	(COWS)
Clinical	 Trial	 of	 Metabolic	 Modulation	 in	 Acute	 Myocardial	 Infarction

Treatment	 Evaluation—Estudios	 Cardiologicos	 Latinoamerica	 (CREATE-
ECLA)

Clonidine
Clopidogrel
Coagulase-negative	staphylococcal	infective	endocarditis
Coagulase-negative	staphylococci	(CoNS)
Coagulase-negative	Staphylococcus
Coagulation	abnormalities
Coagulation	inhibitors
Coagulopathy
Cognitive-behavioral	therapies
Colonoscopy
Community-acquired	pneumonia	(CAP)
Complement
Complete	blood	count	(CBC)
Complicated	cystitis



Comprehensive	metabolic	panel	(CMP)
Computed	tomographic	angiography	(CTA)
Computed	tomography	(CT)
Computed	tomography	pulmonary	angiography	(CTPA)
Confusion
Confusion	Assessment	Method	(CAM)
Congestive	hepatopathy
CoNS.	See	Coagulase-negative	staphylococci	(CoNS)
Constipation
Contamination
Continuous	external	cardiac	monitoring
Continuous	insulin	infusion
Contrast	venography
Contrast-induced	nephropathy
COPD.	See	Chronic	obstructive	pulmonary	disease	(COPD)
Coronary	artery	disease	(CAD)
Coronary	revascularization
Corticosteroids

diagnosis
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laboratories
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Cosyntropin	stimulation	test
Cough-variant	asthma
COWS.	See	Clinical	Opioid	Withdrawal	Scale	(COWS)
CPE.	See	Cardiogenic	pulmonary	edema	(CPE)
CRBSI.	See	Catheter-related	bloodstream	infection	(CRBSI)
C-reactive	protein	(CRP)
CREATE-ECLA.	 See	 Clinical	 Trial	 of	 Metabolic	 Modulation	 in	 Acute

Myocardial	 Infarction	 Treatment	 Evaluation-Estudios	 Cardiologicos
Latinoamerica	(CREATE-ECLA)

Creatine	kinase-MB	(CK-MB)
Critical	illness



CRT.	See	Cardiac	resynchronization	therapy	(CRT)
Cryoprecipitate
CT.	See	Computed	tomography	(CT)
CTZ.	See	Chemoreceptor	trigger	zone	(CTZ)
CXR.	See	Chest	X-ray	(CXR)
Cyclooxygenase	(COX)	inhibitor
Cycloxygenase-2	(COX-2)	inhibitor
Cystitis
D
Dabigatran
DCC.	See	Direct	current	cardioversion	(DCC)
Deamino-8-d-arginine	vasopressin	(DDAVP)
Deep	venous	thrombosis	(DVT)

clinical	presentation
imaging	modalities
pathophysiology
therapy	duration
treatment
wells	criteria	for

Degenerative	disease
Delirium
Delirium	tremens	(DTs)
Demeclocycline
Dementia,	characteristics	of
DES.	See	Drug-eluting	stents	(DES)
Desmopressin
Dexamethasone
Dexamethasone	suppression	tests
Diabetes

inpatient	management
critically	ill	patients
general	principles
glucocorticoid-induced	diabetes	mellitus,	management	of
inpatients	on	alimentary	feedings,	management	of
noncritically	ill	patients
outpatient	management,	transition	to



patients	with	acute	myocardial	infarction
perioperative	period,	management	of	diabetes	in

management	of
classification
diagnosis
general	principles
laboratory	studies
treatment

Diabetes	and	Insulin-Glucose	Infusion	in	Acute	Myocardial	Infarction	(DIGAMI
1)

Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	fifth	edition	(DSM-5)
Dialysis
Diastolic	dysfunction
Diazepam
Dietary
Diet-controlled	type	2	diabetes
Differential	time	to	positivity	(DTP)
DIGAMI	 1.	 See	 Diabetes	 and	 Insulin-Glucose	 Infusion	 in	 Acute	 Myocardial

Infarction	(DIGAMI	1)
Digitalis	glycosides
Digoxin
Dimenhydrinate
Diphenhydramine
Dipyridamole
Direct	current	cardioversion	(DCC)
Direct	hyperbilirubinemia
Direct	thrombin	inhibitors	(DTIs)
Disseminated	intravascular	coagulation	(DIC)
Disulfiram
Diuretic	therapy
Diverticulosis
Dix-Hallpike
Dizziness
Dobutamine
Dolasetron
Dopamine



Dopamine	receptor	antagonists
Doxycycline
DRESS.	See	Drug	reaction	with	eosinophilia	and	systemic	symptoms	(DRESS)
Dronabinol
Droperidol
Drug	desensitization
Drug	fever
Drug	reaction	with	eosinophilia	and	systemic	symptoms	(DRESS)
Drug-eluting	stents	(DES)
Drug-induced	hepatitis
Drug-induced	thrombocytopenia
DTIs.	See	Direct	thrombin	inhibitors	(DTIs)
DTP.	See	Differential	time	to	positivity	(DTP)
DTs.	See	Delirium	tremens	(DTs)
Duplex	ultrasonography
Duplex	ultrasound
DVT.	See	Deep	venous	thrombosis	(DVT)
Dyspnea

diagnostic	testing
diagnostic	procedures
electrocardiography
imaging
laboratories

differential	diagnosis
general	principles

diagnosis
etiology
history
physical	examination

treatment
E
Early	Cushing	syndrome
Early	prosthetic	valve	infective	endocarditis
ECF.	See	Extracellular	fluid	(ECF)
Echocardiography
ED.	See	Emergency	department	(ED)



Edema
diagnosis

differential	diagnosis
history
imaging
laboratories
physical	examination

general	principles
treatment

medications
nonpharmacologic	therapies

Edoxaban
EEG.	See	Electroencephalography	(EEG)
EIB.	See	Exercise-induced	bronchoconstriction	(EIB)
Electrocardiogram
Electroencephalography	(EEG)
Electrolyte	abnormalities
Electrooculography
Electrophysiologic	(EP)	testing
ELISA.	See	Enzyme-linked	immunosorbent	assay	(ELISA)
Emergency	department	(ED)
Emphysema
Empiric	antibiotics
Empiric	CA-MRSA	coverage
Empiric	therapy
ENA	panel.	See	Extractable	nuclear	antigens	(ENA)	panel
Encephalopathy
Endocarditis

diagnosis
clinical	presentation
diagnosis
diagnostic	testing
electrocardiography
history
imaging
laboratories



physical	examination
etiology
general	principles
special	considerations
treatment

Endocarditis	prophylaxis
Endoscopic	sclerotherapy	(EST)
Endoscopic	variceal	ligation	(EVL)
Endoscopy

capsule
with	push	enteroscopy

End-stage	renal	disease	(ESRD)
general	principles
treatment

Enterococcal	bloodstream	infection
Enzyme-linked	immunosorbent	assay	(ELISA)
Epidural	spinal	cord	compression
Epinephrine
Epley	maneuver
EPR3.	See	Expert	Panel	Report	3	(EPR3)
Erythema	multiforme	(EM)
Erythrocyte	sedimentation	rate	(ESR)
Erythromycin
Esmolol
Esophageal	disease
ESR.	See	Erythrocyte	sedimentation	rate	(ESR)
ESRD.	See	End-stage	renal	disease	(ESRD)
EST.	See	Endoscopic	sclerotherapy	(EST)
Ethacrynic	acid
Euthyroid	sick	syndrome

diagnosis
general	principles
treatment

Euvolemic	hyponatremia
EVL.	See	Endoscopic	variceal	ligation	(EVL)
Exercise



cardiac	evaluation
heart	failure,	management	of

Exercise	stress	test
Exercise-induced	bronchoconstriction	(EIB)
Exit	site	infection
Expert	Panel	Report	3	(EPR3)
Extracellular	fluid	(ECF)
Extractable	nuclear	antigens	(ENA)	panel
F
Factor	Xa	inhibitors
Family	history
Fe	deficiency	anemia
Ferritin
Fever

causes	of
diagnosis

clinical	presentation
diagnostic	testing
physical	examination
physical	examination	findings	in

general	principles
pathophysiology
treatment

Fever	of	unknown	origin	(FUO)
common	causes	of
general	principles

FFP.	See	Fresh	frozen	plasma	(FFP)
Fibrin	degradation	products/d-dimer
Fixed	drug	eruptions
Fluorodeoxyglucose	positron	emission	tomography	(18F-FDG	PET)
FOCUS	trial
Folate	deficiency
Fondaparinux
Fosaprepitant
Fracture
Free	water	deficit



Free	water	restriction
Fresh	frozen	plasma	(FFP)
Fungemia
FUO.	See	Fever	of	unknown	origin	(FUO)
Furosemide
G
Gas	gangrene	infections
Gastric	variceal	obturation	(GVO)
Gastrointestinal	(GI)	bleeding

diagnosis
causes	of
clinical	presentation
diagnostic	procedures
diagnostic	testing
differential	diagnosis
history
imaging
laboratories
physical	examination

general	principles
treatment

of	lower	bleeding
of	upper	bleeding

Gastroparesis
G-CSF.	See	Granulocyte	colony-stimulating	factor	(G-CSF)
GDMT.	See	Guideline-directed	medical	therapy	(GDMT)
Generalized	edema
Ghrelin
GI	bleeding.	See	Gastrointestinal	(GI)	bleeding
GINA.	See	Global	Initiative	for	Asthma	(GINA)
Global	Initiative	for	Asthma	(GINA)
Glomeruli
Glucagon
Glucocorticoid-induced	diabetes	mellitus,	management	of
Glucocorticoids
Glucose	infusions



Glycoprotein	IIb/IIIa	inhibitors
GM-CSF.	See	Granulocyte-macrophage	colony-stimulating	factor	(GM-CSF)
GNB.	See	Gram-negative	bacilli	(GNB)
Gram-negative	bacilli	(GNB)
Gram-positive	organisms
Granisetron
Granulocyte	colony-stimulating	factor	(G-CSF)
Granulocyte–macrophage	colony-stimulating	factor	(GM-CSF)
Graves	disease	(GD)
Guideline-directed	medical	therapy	(GDMT)
GVO.	See	Gastric	variceal	obturation	(GVO)
H
Haloperidol
HAP.	See	Hospital-acquired	pneumonia	(HAP)
HCAP.	See	Health	care-associated	pneumonia	(HCAP)
Head	Impulse	test
Headache
Head-up	tilt-table	testing
Health	care–associated	pneumonia	(HCAP)
Hearing	loss
Heart	failure

acute	heart	failure	and	cardiogenic	pulmonary	edema
clinical	presentation
diagnosis
etiology
pathophysiology
special	considerations
treatment

chronic	heart	failure	and	cardiomyopathy
classification
diagnosis
diagnostic	testing
electrocardiography
epidemiology
general	principles
history



imaging
laboratories
pathophysiology
physical	exam
treatment

Helicobacter	pylori
Hematocrit	(Hct)
Hematuria

diagnosis
diagnostic	procedures
diagnostic	testing
differential	diagnosis	of
history
imaging
laboratories
physical	exam

etiology
general	principles
monitoring/follow-up
treatment

Hemochromatosis
Hemodialysis
Hemoglobin	(Hgb)
Hemoglobin	A1c
Hemoglobin	electrophoresis
Hemolytic	anemias
Heparin
Heparin-free	dialysis
Heparin-induced	thrombocytopenia	(HIT)

four	Ts	of
treatment

Heparin–PF4	antibody
Hepatic	disorders
Hepatitis	C	virus	(HCV)
Hepatocellular	injury
High-bioavailability	oral	agents



High-intensity	statin	therapy
H.I.N.T.S	exam
HIV.	See	Human	immunodeficiency	virus	(HIV)
Hospital-acquired	pneumonia	(HAP)
Hospital-ventilator	pneumonia
Host	inflammatory	response,	continuum	of
Human	immunodeficiency	virus	(HIV)
Hydralazine
Hydrochlorothiazide
Hydrocortisone
Hydroxyzine
Hypercoagulable	workup
Hyperglycemia	Intensive	Insulin	Infusion	in	Infarction	(Hi-5)
Hyperkalemia

causes	of
diagnosis

clinical	presentation
diagnostic	testing
electrocardiography
history
laboratories
physical	examination

etiology
general	principles
treatment

Hypernatremia
definition
diagnosis

diagnostic	testing
laboratories
physical	exam

general	principles
history
pathophysiology
treatment

Hypersensitivity	syndrome



Hypertension
Hyperthyroidism

clinical	presentation
history
physical	examination

diagnostic	testing
imaging
laboratories

etiology
general	principles
special	considerations
treatment

medications
nonpharmacologic	therapies
surgical	management

Hypertonic	hyponatremia
Hypertriglyceridemia
Hypervolemic	hypernatremia
Hypokalemia

causes	of
diagnosis

clinical	presentation
diagnosis
diagnostic	testing
electrocardiography
history
laboratories

etiology
general	principles
primary/apparent	excess	aldosterone
treatment

Hyponatremia
definition
diagnosis

diagnostic	testing
laboratories



physical	examination
general	principles
history
hypertonic	hyponatremia
hypotonic	hyponatremia
pseudohyponatremia/isotonic	hyponatremia
treatment

Hypotension
Hypothyroidism

causes	of
diagnosis

diagnostic	testing
history
physical	examination

etiology
general	principles
special	considerations
treatment

Hypotonic	hyponatremia
Hypovolemic	hypernatremia
Hypovolemic	hyponatremia
I
IABP.	See	Intra-aortic	balloon	pump	(IABP)
ICD.	See	Implantable	cardioverter-defibrillator	(ICD)
IDSA.	See	Infectious	Disease	Society	of	America	(IDSA)
IDU.	See	Intravenous	drug	use	(IDU)
Imbalance
Immunoassays
Immunoglobulin	E	(IgE)
Immunosuppression
Implantable	cardioverter–defibrillator	(ICD)
Implantable	loop	recorders
Impulsion
In	vitro	allergy	testing
Indirect	hyperbilirubinemia
Indium-111



Infectious	Disease	Society	of	America	(IDSA)
Inferior	vena	cava	(IVC)	filters
Inflammatory	cells
Inflammatory	mediators
Influenza
Injection	therapies
Inotropic	agents
Inpatient	diabetes	management

critically	ill	patients
general	principles
glucocorticoid-induced	diabetes	mellitus,	management	of
inpatients	on	alimentary	feedings,	management	of
noncritically	ill	patients

NPO,	management	of	patients
patients	tolerating	PO,	management	of

outpatient	management,	transition	to
patients	with	acute	myocardial	infarction
perioperative	period,	management	of	diabetes	in

Insulin
type	1	diabetes
type	2	diabetes

Interstitium
Intra-aortic	balloon	pump	(IABP)
Intraoperative	renal	hypoperfusion
Intravascular	catheter	infections

definition
diagnosis

clinical	presentation
diagnostic	testing

epidemiology
etiology
general	principles
special	considerations
treatment

Intravenous	drug	use	(IDU)
Intravenous	magnesium	sulfate



Intrinsic	azotemia
Ipratropium	bromide
Iron	deficiency	anemia
Irritant-induced	asthma.
Ischemic	colitis
Ischemic	heart	failure
Ischemic	hepatitis
Isotonic	hyponatremia
IV	fluids
IV	immunoglobulin
IV	potassium
J
Janeway	lesions
K
Kayser-Fleischer	rings
Kernig	sign
Ketogenesis
Kingella	kingae
L
Lactate	dehydrogenase	(LDH)
Lactulose
Late	prosthetic	valve	IE
Latex	agglutination	testing
LBBB.	See	Left	bundle-branch	block	(LBBB)
LBP.	See	Low	back	pain	(LBP)
LDH.	See	Lactate	dehydrogenase	(LDH)
Left	bundle-branch	block	(LBBB)
Levofloxacin
Levothyroxine
Listeria	monocytogenes
Lithium
Liver	disease

classification
diagnosis
general	principles
laboratories



treatment
Liver	transplantion
LMWH.	See	Low	molecular	weight	heparin	(LMWH)
Local	heat	application
Local/topical	agents
Long-acting	sulfonylureas
Long-term	maintenance	therapy
Loop	diuretics

acute	heart	failure	and	CPE
chronic	heart	failure	and	cardiomyopathy

Lorazepam
Low	back	pain	(LBP)

diagnosis
clinical	presentation
diagnostic	testing
imaging
laboratories
physical	exam

differential	diagnosis	of
general	principles
treatment

medications
nonpharmacologic	therapies
surgical/interventional	management

Low	molecular	weight	heparin	(LMWH)
Low	reticulocyte	count
Lumbar	disc	prolapse,	with	radiculopathy
Lumbar	puncture
M
MACE.	See	Major	adverse	cardiac	events	(MACE)
Macrocytic	anemia
Maculopapularmorbilliform	skin	eruptions
Magnetic	resonance	angiography	(MRA)
Magnetic	resonance	cholangiopancreatography	(MRCP)
Magnetic	resonance	imaging	(MRI)
Major	adverse	cardiac	events	(MACE)



Major	bleeding
Major	stress
Malignancy
Massive	pulmonary	emboli
Maximal	bronchodilator	therapy
McConnell	sign
MCH.	See	Mean	corpuscular	hemoglobin	(MCH)
Mean	corpuscular	hemoglobin	(MCH)
Mechanical	ventilation
Meckel	diverticulum
Meclizine
Medication-induced	hepatotoxicity,	causes	of
Melatonin	agonists
MELD	score.	See	Model	for	End-stage	Liver	Disease	(MELD)	score
Ménière	disease
Meningitis

diagnosis
clinical	presentation
diagnostic	testing
history
physical	examination

epidemiology
etiology
general	principles
nonpharmacologic	therapies
treatment

Meningococcus
Mesenteric	angiography
Metabolic	acidosis
Metformin
Methadone
Methicillin-resistant	S.	aureus	(MRSA)
Methicillin-sensitive	S.	aureus	(MSSA)
Methimazole
Methylxanthines
Metoclopramide



Metolazone
Metoprolol
Metronidazole
Microcytic	anemia
Microscopic	hematuria
Migrainous	vertigo
Milrinone
Mineralocorticoid	supplementation
Mini	Mental	State	Examination	(MMSE)
Minocycline
Minor	stress
Mitral	stenosis
MMSE.	See	Mini	Mental	State	Examination	(MMSE)
Model	for	End-stage	Liver	Disease	(MELD)	score
Moderate	exacerbation
Moderate	stress
Modified	Duke	criteria
Morning	aldosterone-to-renin	ratio
Morphine	sulfate
MRA.	See	Magnetic	resonance	angiography	(MRA)
MRCP.	See	Magnetic	resonance	cholangiopancreatography	(MRCP)
MRI.	See	Magnetic	resonance	imaging	(MRI)
MRSA.	See	Methicillin-resistant	S.	aureus	(MRSA)
MSSA.	See	Methicillin-sensitive	S.	aureus	(MSSA)
Multidisciplinary	biopsychosocial	therapy
Muscle	relaxants
Musculoskeletal/somatic	pain
Myocardial	infarction	(MI)

type	I
type	II

Myoglobin
Myxedema	coma
N
Nabilone
NAEPP.	See	National	Asthma	Education	and	Prevention	Program	(NAEPP)
Nafcillin



Naltrexone
Nasogastric	lavage	(NGL)
National	Asthma	Education	and	Prevention	Program	(NAEPP)
National	Surgical	Quality	Improvement	Program	(NSQIP)
Native	valve	endocarditis
Nausea

diagnosis
clinical	presentation
diagnostic	procedures
diagnostic	testing
differential	diagnosis
history
imaging
laboratories
physical	examination

general	principles
medications
pathophysiology
treatment

Nebulized	bronchodilators
Neisseria	meningitidis
Neurocardiogenic/vasovagal	syncope

diagnostic	procedures
diagnostic	testing
etiology
history
treatment

Neurokinin-1	receptor	antagonists
Neuroleptic	agents
Neurologic	findings
Neurologic	imaging
Neurologic	system
Neuropathic	pain
Neutral	protamine	Hagedorn	(NPH)	insulin
Neutropenic	fever

causes



clinical	presentation
history
physical	exam

diagnostic	testing
laboratories
physical	exam

general	principles
imaging	evaluation
medications
special	considerations
treatment

New	York	Heart	Association	(NYHA)
NGL.	See	Nasogastric	lavage	(NGL)
Nitrates

acute	heart	failure	and	CPE
chronic	heart	failure	and	cardiomyopathy

Nitroglycerin	(NTG)
Nitroprusside
NIV.	See	Noninvasive	ventilation	(NIV)
Nonalcoholic	steatohepatitis
Nondihydropyridines
Nonhepatic	causes
Noninvasive	positive	pressure	ventilation	(NPPV)	devices
Noninvasive	ventilation	(NIV)
Nonischemic	heart	failure
Nonmassive	pulmonary	emboli
Nonopioid	analgesics
Nonpharmacologic	methods
Nonpitting	edema
Nonpurulent	cellulitis
Nonselective	β-blocker
Nonsteroidal	anti-inflammatory	drugs	(NSAIDs)
Non-ST-segment	elevation	myocardial	infarction	(NSTEMI)

diagnosis
diagnostic	procedures
diagnostic	testing



differential	diagnosis
ECG
history
laboratories
physical	exam

pathophysiology
treatment

anticoagulation	therapy
anti-ischemic	therapy
antiplatelet	therapy
early	invasive	approach
ischemia-guided	approach
TIMI	or	GRACE	risk	scores

Norepinephrine
Normocytic	anemias
Normoglycemia	 in	 Intensive	 Care	 Evaluation—Survival	 Using	 Glucose

Algorithm	Regulation	(NICE-SUGAR)	trial
Nosocomial	endocarditis
Nosocomial	GNB
Novel	oral	anticoagulants	(NOACs)

anticoagulation	and	surgery
atrial	fibrillation

NPH	insulin.	See	Neutral	protamine	Hagedorn	(NPH)	insulin
NPPV	devices.	See	Noninvasive	positive	pressure	ventilation	(NPPV)	devices
NSAIDs.	See	Nonsteroidal	anti-inflammatory	drugs	(NSAIDs)
NSQIP.	See	National	Surgical	Quality	Improvement	Program	(NSQIP)
NSTEMI.	See	Non-ST-segment	elevation	myocardial	infarction	(NSTEMI)
NTG.	See	Nitroglycerin	(NTG)
NYHA.	See	New	York	Heart	Association	(NYHA)
Nystagmus
O
OAC.	See	Oral	anticoagulation	(OAC)
Obesity
Obstructive	sleep	apnea
Obstructive	uropathy
Occupational	asthma



Octreotide
Oculomotor	dysfunction
OIH.	See	Opioid-induced	hyperalgesia	(OIH)
Ondansetron
Opioid	analgesics
Opioid	intoxication
Opioid	withdrawal
Opioid-induced	hyperalgesia	(OIH)
Opioids
Oral	anticoagulation	(OAC)
Oral	therapy,	type	2	diabetes	managed	with
Oral	urea
ORSA.	See	Oxacillin-resistant	S.	aureus	(ORSA)
Orthostasis
Orthostatic	hypotension

abdominal	pain,	physical	examination
etiology
treatment

Osler	nodes
OSSA.	See	Oxacillin-sensitive	S.	aureus	(OSSA)
Osteomyelitis

clinical	presentation
history
physical	examination

diagnostic	testing
imaging
laboratories

etiology
general	principles
medications
surgical	management
treatment

Oxacillin-resistant	S.	aureus	(ORSA)
Oxacillin-sensitive	S.	aureus	(OSSA)
Oxazepam
Oxygen



P
P2Y12	inhibitors
Pacemaker	therapy
Pain

assessment
general	principles
interventional	therapies
medications
nonopioid	medications
nonpharmacologic	therapies
opioid	analgesics
organ	involvement	and	perceived	locat	ion	of
special	considerations
treatment

Palonosetron
Palpation
Paracentesis
Paraproteinemia
Parietal	(somatic)	pain
PBC.	See	Primary	biliary	cirrhosis	(PBC)
PCI.	See	Percutaneous	coronary	intervention	(PCI)
PCMs.	See	Physical	counterpressure	maneuvers	(PCMs)
Penicillin	G
Percussion
Percutaneous	coronary	intervention	(PCI)
Pericardial	effusion
Pericarditis
Perilymphatic	fistula
Perinephric	abscesses
Perioperative	cardiac	complications
Perioperative	care

acute	renal	failure
cardiac	evaluation

12-Lead	ECG
diagnosis



diagnostic	testing
epidemiology
exercise	stress	testing	with	imaging
exercise	testing
follow-up
history
imaging
pathophysiology
pharmacologic	stress	testing
physical	examination
revascularization
risk	stratification
treatment

chronic	kidney	disease
general	principles
treatment

corticosteroids,	management	of
general	principles
history
laboratories
pathophysiology
physical	examination
treatment

diabetes,	management	of
classification
diagnosis
general	principles
laboratory	studies
treatment

end-stage	renal	disease
general	principles
treatment

hypertension
general	principles
treatment

liver	disease,	surgery	in	patient	with



classification
diagnosis
general	principles
laboratories
treatment

pulmonary	evaluation
diagnosis
diagnostic	procedures
diagnostic	testing
epidemiology
estimating	risk
etiology
history
imaging
laboratories
modifiable	patient-related	risk	factors
modifiable	procedure-related	risk	factors
patient	risk	factors
physical	examination
postoperative	interventions
procedure-related	risk	factors
treatment

transfusion	issues	in	surgery
diagnosis
general	principles
treatment

Peripheral	smear
Peripheral	vertigo

causes	of
history	and	exam	features

Peritoneal	inflammation
Persistent	bloodstream	infection
Petechiae
PFTs.	See	Pulmonary	function	tests	(PFTs)
Pharmacologic	agents
Pharmacologic	stress	testing



Pharmacologic	therapy
Pheochromocytoma
Phlebitis
Phosphodiesterase	4	inhibitor
Phosphodiesterase	inhibitors
Physical	counterpressure	maneuvers	(PCMs)
Physical	therapy
Pit	recovery	time	(PRT)
Pitting	edema
Pituitary	function	tests
Plain	films
Plain	radiographs
Plasmapheresis
Platelet	dysfunction
Platelet	transfusions
Pneumococcal	vaccines
Pneumococcus
Pneumonia

clinical	presentation
diagnosis

diagnostic	studies
differential	diagnosis
history
pathophysiology
physical	examination

epidemiology
general	principles
treatment

Pneumothorax
Pocket	infection
Portosystemic	encephalopathy
Postoperative	fever
Postrenal	azotemia
Posttransfusion	purpura	(PTP)
Potassium

24-hour	urine	collection	for



replacement
Potassium	chloride
Potassium	deficit
PPD.	See	Purified	protein	derivative	(PPD)
PPI.	See	Proton	pump	inhibitor	(PPI)
Prasugrel
Pregnancy
Preoperative	erythropoietin
Prerenal	azotemia
Presyncope
Primary	adrenal	insufficiency
Primary	biliary	cirrhosis	(PBC)
Primary	bloodstream	infection
Primary	hyperaldosteronism
Primary	sclerosing	cholangitis
Prochlorperazine
Prokinetic	drugs
Promethazine
Prophylactic	antibiotics
Propranolol
Propylthiouracil	(PTU)
Prosthetic	heart	valves
Prothrombin	complex	concentrate
Prothrombin	time/partial	thromboplastin	time	(PT/PTT)

diagnosis
clinical	presentation
diagnostic	testing
differential	diagnosis	of
history
laboratories
physical	examination

etiology
general	principles
treatment

Proton	pump	inhibitor	(PPI)
PRT.	See	Pit	recovery	time	(PRT)



Prucalopride
Pruritus
Pseudoallergic	reactions
Pseudobacteremia
Pseudohyponatremia
Pseudomonas	species
Pseudosyncope
Psychiatric	causes,	of	syncope
Psychiatric	evaluation
PTP.	See	Posttransfusion	purpura	(PTP)
Pulmonary	angiography
Pulmonary	embolism	(PE)

clinical	presentation
imaging	modalities
pathophysiology
treatment
wells	criteria	for

Pulmonary	function	tests	(PFTs)
Pulmonary	hypertension
Pulmonary	rehabilitation
Pulmonary	vein	isolation
Purified	protein	derivative	(PPD)
Pyelonephritis
R
Radiation	therapies
Radiculopathy

lumbar	disc	prolapse	with
nonspecific	low	back	pain	with	degenerative	disease	without

Radioactive	iodine
Radioactive	iodine	(RAI)
Radioallergosorbent	test	(RAST)
Radiofrequency	ablation
Radionuclide	imaging
Radionuclide	therapies
RADS.	See	Reactive	airways	dysfunction	syndrome	(RADS)
RAI.	See	Radioactive	iodine	(RAI)



Ramosetron
Ramsay	Hunt	syndrome
RAST.	See	Radioallergosorbent	test	(RAST)
RCRI.	See	Revised	Cardiac	Risk	Index	(RCRI)
Reactive	airways	dysfunction	syndrome	(RADS)
Rebound	tenderness
Recombinant	factor	VIIa
Recurrent	urinary	tract	infection
Red	blood	cell	indices
Red	blood	cell	transfusions
Red	flag
Referred	pain
Renal	abscesses
Renal	function
Renal	osteodystrophy
Renal	perfusion
Respiratory	depression
Reticulocyte	count
Revised	Cardiac	Risk	Index	(RCRI)
Rheumatoid	factor	(RF)
Rifampin
Right	heart	catheterization
Rituximab
Rivaroxaban
Romifulast
Roth	spots
Ruptured	abdominal	aortic	aneurysm
S
Sacubitril/valsartan
Salicylate	concentrations
SBT.	See	Short	Blessed	Test	(SBT)
Sciatica
Scopolamine
SCS.	See	Subclinical	Cushing	syndrome	(SCS)
Secondary	adrenal	insufficiency
Secondary	bloodstream	infection



Secondary	hyperaldosteronism
Sedation
Sedative-hypnotic	toxidrome
Sedatives
Seizure
Selective	serotonin	reuptake	inhibitors	(SSRIs)
Serotonin	antagonists
Serotonin-release	assay
Serum	albumin
Serum	sickness	syndrome
Severe	exacerbation
Short	Blessed	Test	(SBT)
Short-acting	sulfonylureas
SIADH.	See	Syndrome	of	inappropriate	antidiuretic	hormone	(SIADH)
Sickle	cell	anemia
Sinus	rhythm,	restoration	and	maintenance	of
Situational	syncope
SJS.	See	Stevens-Johnson	syndrome	(SJS)
Skin	rash
Sliding	scale	insulin	(SSI)
Small	bowel	enteroclysis
Smoking	cessation

acute	exacerbations	of	COPD,	treatment	of
risk	factors,	COPD
stable	COPD,	treatment	of

Sodium	bicarbonate
Sodium	nitroprusside
Sodium	polystyrene	sulfonate	(SPS)	resins
Solitary	pulmonary	nodule	(SPN)

diagnosis
clinical	presentation
diagnostic	testing
differential	diagnosis
history
imaging
physical	examination



etiology
general	principles
recommendations,	follow-up	CT	imaging
surgical	management
treatment

Somatostatin
Spinal	manipulation
Spinal	stenosis
Splenomegaly
Splinter	hemorrhages
SPN.	See	Solitary	pulmonary	nodule	(SPN)
SPS	resins.	See	Sodium	polystyrene	sulfonate	(SPS)	resins
SSI.	See	Sliding	scale	insulin	(SSI)
SSRIs.	See	Selective	serotonin	reuptake	inhibitors	(SSRIs)
Staphylococci
Staphylococcus	aureus
Statins
STEMI.	See	ST-segment	elevation	myocardial	infarction	(STEMI)
Stenting
Steroids
Stevens-Johnson	syndrome	(SJS)
Streptococci
Streptococcus	pneumoniae
Streptococcus	species
Stress	hyperglycemia
Stress	testing
Stroke
ST-segment	elevation	myocardial	infarction	(STEMI)

diagnosis
diagnostic	procedures
diagnostic	testing
differential	diagnosis
ECG
history
laboratories
physical	exam



pathophysiology
treatment

medications
reperfusion

Subacute	back	pain
Subacute	infective	endocarditis
Subclinical	Cushing	syndrome	(SCS)
Subclinical	hyperthyroidism
Subclinical	hypothyroidism
Subcutaneous	fondaparinux
Submassive	pulmonary	emboli
Substance	P
Subtotal	thyroidectomy
Sundowning
Superior	semicircular	canal	dehiscence
Supine	position
Supplemental	oxygen	therapy

acute	exacerbations	of	COPD,	treatment
stable	COPD,	treatment	of

Surgical	consultation
Surgical	embolectomy
Suspected	myocardial	ischemia
Sympathomimetic	toxidrome
Symptomatic	aortic	stenosis
Syncope

diagnosis
diagnostic	procedures
history
imaging
physical	exam

etiology
general	principles
treatment

Syndrome	of	inappropriate	antidiuretic	hormone	(SIADH)
Systemic	corticosteroids
Systolic	dysfunction



T
Tagged	white	blood	cell	scans
TCAs.	See	Tricyclic	antidepressants	(TCAs)
Technetium-99
TEE.	See	Transesophageal	echocardiography	(TEE)
TEN.	See	Toxic	epidermal	necrolysis	(TEN)
Tertiary	adrenal	insufficiency
Tertiary	insufficiency
Test	of	Skew	deviation
Tetrahydrocannabinol	(THC)
Thalassemia
THC.	See	Tetrahydrocannabinol	(THC)
Therapeutic	index
Thiazide
Thrombocytopenia

diagnosis
clinical	presentation
diagnostic	procedures
diagnostic	testing
history
laboratories
medications	commonly	associated	with
physical	examination

etiologies	of
general	principles
management
treatment

Thrombolysis
Thrombopoetin	recepter	agonists
Thrombosis
Thrombotic	thrombocytopenic	purpura	(TTP)
Thyroid	disease

euthyroid	sick	syndrome
diagnosis
general	principles
treatment



hyperthyroidism
clinical	presentation
diagnostic	testing
etiology
general	principles
special	considerations
treatment

hypothyroidism
causes	of
diagnosis
etiology
general	principles
special	considerations
treatment

Thyroid	storm
Thyroid-stimulating	hormones	(TSH)
TIA.	See	Transient	ischemic	attack	(TIA)
TIBC.	See	Total	iron-binding	capacity	(TIBC)
Ticagrelor
Tilt-table	testing
Tinnitus
TIPS.	See	Transjugular	intrahepatic	portosystemic	shunt	(TIPS)
Tissue	plasminogen	activator
Tolerance
Torsemide
Total	iron-binding	capacity	(TIBC)
Toxic	epidermal	necrolysis	(TEN)
Toxicology

acetaminophen	overdose
aspirin	overdose
general	principles
toxidromes

anticholinergic	(antimuscarinic)	toxidrome
cholinergic	toxidrome
sedative-hypnotic	toxidrome
sympathomimetic	toxidrome



undifferentiated	poisoned	patient
Toxidromes

anticholinergic	(antimuscarinic)	toxidrome
cholinergic	toxidrome
sedative-hypnotic	toxidrome
sympathomimetic	toxidrome

Transdermal	fentanyl	patches
Transesophageal	echocardiography	(TEE)
Transfusion

diagnosis
general	principles
treatment

Transient	bacteremia
Transient	ischemic	attack	(TIA)
Transjugular	intrahepatic	portosystemic	shunt	(TIPS)
Transthoracic	echocardiogram	(TTE)
Transthoracic	needle	aspiration	(TTNA)
Tricyclic	antidepressants	(TCAs)
Trimethoprim–sulfamethoxazole	(TMP–SMX)
Triple-phase	bone	scans
Tropisetron
Troponin	I
Troponin	measurements
Tryptase
TSH.	See	Thyroid-stimulating	hormones	(TSH)
TTE.	See	Transthoracic	echocardiogram	(TTE)
TTNA.	See	Transthoracic	needle	aspiration	(TTNA)
TTP.	See	Thrombotic	thrombocytopenic	purpura	(TTP)
Tubules
Tullio	phenomenon
Tumarkin	attacks
Tunnel	infection
Type	1	diabetes
Type	2	diabetes
U
UA.	See	Unstable	angina	(UA)



UFH.	See	Unfractionated	heparin	(UFH)
ULN.	See	Upper	limit	of	normal	(ULN)
Ultrafiltration
Uncomplicated	cystitis
Unfractionated	heparin	(UFH)
Unstable	angina	(UA)

diagnosis
diagnostic	procedures
diagnostic	testing
differential	diagnosis
ECG
history
laboratories
physical	exam

pathophysiology
treatment

anticoagulation	therapy
anti-ischemic	therapy
antiplatelet	therapy
early	invasive	approach
ischemia-guided	approach
TIMI	or	GRACE	risk	scores

Unsteady	gait
Upper	limit	of	normal	(ULN)
Urinalysis
Urinary	tract	infections	(UTIs)

diagnosis
diagnostic	testing
history
imaging
laboratories
physical	examination

general	principles
recurrent
risk	factors
special	considerations



treatment
Urine	culture
UTIs.	See	Urinary	tract	infections	(UTIs)
V
V2-receptor	antagonists
VADs.	See	Ventricular	assist	devices	(VADs)
Valsartan
Vancomycin
Vancomycin-resistant	enterococcus
VAP.	See	Ventilator-associated	pneumonia	(VAP)
Variceal	hemorrhage
Vasculature
Vasodilator	therapy
Vasopressors
Vasovagal	syncope

diagnostic	procedures
diagnostic	testing
etiology
history
treatment

Venoocclusive	disease
Venous	thromboembolism	(VTE)

anticoagulation	and	surgery
clinical	presentation
diagnosis

diagnostic	criteria
diagnostic	testing
electrocardiography
imaging
laboratories
physical	examination

general	principles
guidelines	for
history
interventional	management



medications
pathophysiology
risk	factors
special	considerations
treatment

Ventilation–perfusion	(V/Q)	scaning
Ventilator-associated	pneumonia	(VAP)
Ventricular	assist	devices	(VADs)
Ventricular	function
Vertebrobasilar	insufficiency
Vertigo

diagnosis
clinical	presentation
diagnostic	testing
history
physical	exam

epidemiology
exam	features
general	principles
treatment

Vestibular	neuritis
Viral	hepatitis
Visceral	pain
Vitamin	B12	deficiency
Vitamin	K
Volume	status
Vomiting

diagnosis
clinical	presentation
diagnostic	procedures
diagnostic	testing
differential	diagnosis
history
imaging
laboratories



physical	examination
general	principles
medications
pathophysiology
treatment

VTE.	See	Venous	thromboembolism	(VTE)
W
Waddell	signs
Warfarin
Wernicke	encephalopathy
Wilson	disease
Wong-Baker	FACES	Pain	Rating	Scale
Work-aggravated	asthma
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