


NOTICE
Medicine	 is	 an	 ever-changing	 science.	 As	 new	 research	 and	 clinical
experience	broaden	our	knowledge,	changes	in	treatment	and	drug	therapy
are	required.	The	authors	and	the	publisher	of	this	work	have	checked	with
sources	believed	to	be	reliable	in	their	efforts	to	provide	information	that	is
complete	and	generally	in	accord	with	the	standards	accepted	at	the	time	of
publication.	However,	in	view	of	the	possibility	of	human	error	or	changes
in	 medical	 sciences,	 neither	 the	 authors	 nor	 the	 publisher	 nor	 any	 other
party	who	has	been	involved	in	the	preparation	or	publication	of	this	work
warrants	that	the	information	contained	herein	is	in	every	respect	accurate
or	complete,	and	they	disclaim	all	responsibility	for	any	errors	or	omissions
or	 for	 the	 results	 obtained	 from	 use	 of	 the	 information	 contained	 in	 this
work.	Readers	are	encouraged	to	confirm	the	information	contained	herein
with	 other	 sources.	 For	 example	 and	 in	 particular,	 readers	 are	 advised	 to
check	the	product	information	sheet	included	in	the	package	of	each	drug
they	plan	to	administer	to	be	certain	that	the	information	contained	in	this
work	is	accurate	and	that	changes	have	not	been	made	in	the	recommended
dose	or	in	the	contraindications	for	administration.	This	recommendation	is
of	particular	importance	in	connection	with	new	or	infrequently	used	drugs.
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PREFACE

Understanding	 and	 applying	 clinical	 pharmacokinetics	 and	 dosing	medications
safely	 and	 appropriately	 are	 an	 essential	 role	 of	 the	 pharmacist	 in	medication
therapy	 management.	 Ostensibly,	 pharmacokinetics	 and	 clinical
pharmacokinetics	are	a	core	part	of	doctorate	of	pharmacy	program	curriculums,
and	 these	 skills	 are	 further	 honed	 during	 pharmacy	 practice	 experiences	 in
clerkships	and	in	postgraduate	pharmacy	residency	training	programs.	Although
in	 the	 last	 decade	 pharmacy	 has	 undergone	 significant	 specialization,
pharmacists	are	expected	to	be	the	drug	expert	and	maintain	knowledge	of	a	vast
array	of	agents	beyond	 their	area	of	specialty.	Physicians	and	other	prescribers
expect	 the	 pharmacist	 to	 be	 the	 expert	 in	 pharmacokinetics,	 drug	 interactions,
and	drug	dosing.	The	goal	of	Casebook	in	Clinical	Pharmacokinetics	and	Drug
Dosing	 is	 to	 provide	 students	 and	 clinicians	 with	 real-world	 dosing	 case
scenarios	and	a	step-by-step	approach	to	determining	dosing	regimens.

Traditionally,	clinical	pharmacokinetics	courses	and	clinical	pharmacokinetic
textbooks	focus	on	drugs	with	readily	available	therapeutic	serum	levels	such	as
aminoglycosides,	 vancomycin,	 carbamazepine,	 phenytoin,	 phenobarbital,
valproic	 acid,	 lithium,	 digoxin,	 amiodarone,	 immunosuppressants,	 and
antiarrhythmics	 such	 as	 quinidine	 and	 procainamide.	 Many	 of	 these	 agents
remain	 effective	 and	 are	 highly	 utilized	 in	 today’s	 practice;	 hence,	 mastering
how	to	dose	 these	agents	 is	an	expectation	of	 today’s	pharmacist.	Casebook	 in
Clinical	Pharmacokinetics	and	Drug	Dosing	will	provide	extensive	reviews	and
cases	for	these	traditional	agents	with	readily	available	serum	levels	that	are	used
to	determine	drug-dosing	regimens.

Many	 drugs	 in	 use	 today	 do	 not	 have	 readily	 available	 therapeutic	 serum
levels,	but	have	narrow	therapeutic	indexes,	sophisticated	pharmacokinetics	and
pharmacodynamics,	 extensive	 drug	 interactions,	 and	 complicated	 dosing
schemes,	 and	 are	 classified	 as	 high-alert	 agents.	The	 risk	 of	medication	 errors
and	patient	harm	with	these	agents	is	high,	but	minimal	guidance	is	provided	for



safely	 utilizing	 and	 dosing	 these	 drugs	 in	 actual	 patient	 case	 scenarios.	 Such
agents	 include	 the	 newer	 second-generation	 antiepileptics,	 long-acting
antipsychotics,	 colistin	 and	 polymyxin	 B,	 dronedarone,	 direct	 thrombin
inhibitors,	neuromuscular	blocking	agents,	oncologic	agents,	 antifungal	 agents,
epoetin	 alfa,	 warfarin,	 heparin	 and	 low-molecular-weight	 heparins,	 extended-
infusion	beta-lactams,	 and	opioids	 for	 pain	management.	Casebook	 in	Clinical
Pharmacokinetics	 and	 Drug	 Dosing	 provides	 equal	 emphasis	 and	 focus	 with
these	 type	of	 agents	 and	 traditionally	dosed	pharmacokinetic	 agents	 and	offers
extensive	reviews,	cases,	and	answers	to	challenging	dosing	questions.

This	 casebook	 is	 designed	 to	 teach	 and	 guide	 the	 pharmacy	 student,
pharmacist,	and	clinical	pharmacist	in	dosing	drugs	and	goes	beyond	agents	with
readily	 available	 and	 applied	 therapeutic	 blood	 levels.	 Each	 drug	 chapter	 is
written	 by	 clinical	 pharmacists	 who	 have	 expertise	 and	 experience	 in	 drug
dosing.	 Each	 chapter	 provides	 an	 overview	 of	 the	 drug’s	 pharmacology
including	mechanisms	of	action,	indications,	toxicities,	and	pharmacokinetics.	A
comprehensive	 review	 and	 discussion	 of	 the	 drug’s	 bioavailability,	 volume	 of
distribution,	 clearance,	 half-life,	 therapeutic	 drug	 level	 monitoring	 (when
applicable),	 drug	 interactions,	 dosing,	 and	 availability	 are	 provided.	 Each
chapter	contains	a	plethora	of	patient	cases	with	clear	step-by-step	answers	and
explanations.	Calculations,	equations,	and	dosing	recommendations	are	provided
for	each	case.	Loading	doses	and	maintenance	doses	using	population	and	actual
pharmacokinetics	are	depicted	and	 reviewed.	Challenging	cases	 including	drug
interactions,	 alterations	 in	 volume	 of	 distribution,	 reduced	 renal	 or	 hepatic
function,	and	overweight	and	underweight	patients	are	covered	extensively.

This	 casebook	 is	 intended	 for	 teaching,	 learning,	 and	 clinical	 practice.	 The
casebook	 can	 be	 used	 in	 the	 classroom	 by	 faculty	 to	 teach	 drug	 dosing,	 by
pharmacy	 students	 to	 practice	 and	 learn	 drug	 dosing,	 and	 by	 the	 clinical
pharmacist	 practitioner	 for	 daily	 patient	 care	 needs.	 This	 casebook	will	 be	 an
invaluable	 resource	providing	 the	 clinician	with	 assistance	 in	 both	 routine	 and
challenging	drug-dosing	cases.



CHAPTER 	1
Amiodarone	and	Dronedarone

AHMED	M.	ABDELHADY,	MS
DUSTIN	SPENCER,	PharmD,	BCPS

BRIAN	R.	OVERHOLSER,	PharmD,	FCCP

OVERVIEW

AMIODARONE

Amiodarone	 is	 designated	 as	 a	 class	 III	 antiarrhythmic	 drug	 based	 on	 the
Vaughan	Williams	classification.	Consistent	with	other	 class	 III	 antiarrhythmic
drugs,	 amiodarone	blocks	potassium	channels	 to	delay	phase	3	 repolarization.1
However,	 amiodarone	possesses	electrophysiological	 (EP)	effects	 similar	 to	all
four	 classes	 of	 antiarrhythmic	 drugs	 by	 (1)	 blocking	 sodium	 channels	 (class	 I
effect)2,	(2)	potent	nonselective,	noncompetitive	β-adrenergic	receptor	blockade
(class	II	effect)3,	and	(3)	antagonizing	calcium	channel	activity	(class	IV	effect).
As	 a	 result,	 amiodarone	prolongs	 action	potential	 duration	 (APD),	 resulting	 in
prolongation	of	the	effective	refractory	period.1

Amiodarone	 is	 indicated	 for	 the	 treatment	 of	 life-threatening,	 recurrent,
refractory	 ventricular	 arrhythmias,4	 including	 recurrent	 ventricular	 fibrillation
(VF)5	and	recurrent	hemodynamically	unstable	ventricular	tachycardia	(VT).6	In
addition	 to	 these	 indications,	 amiodarone	 is	 commonly	 used	 for	 treatment	 of
atrial	fibrillation	(AF)	particularly	in	patients	with	heart	failure.7–24	According	to
the	 2011	 consensus	 guidelines	 of	 the	American	Heart	Association	 (AHA)	 and
the	 American	 College	 of	 Cardiology	 (ACC)	 for	 the	 management	 of	 atrial
fibrillation,25	 amiodarone	 can	 also	 be	 used	 for	 cardioversion	 of	 recent-onset
AF.26	 Amiodarone	 is	 not	 only	 beneficial	 in	 terminating	 AF,	 but	 it	 can	 be
effective	 at	 maintaining	 normal	 sinus	 rhythm	 (NSR)	 and	 preventing	 AF



recurrence.27–37	 The	 Canadian	 trial	 of	 AF	 (CTAF)	 reported	 that	 amiodarone
reduced	 the	 incidence	of	 recurrent	AF	compared	 to	other	 antiarrhythmic	drugs
(35%	 vs.	 63%,	 respectively).29	 Additional	 studies	 have	 demonstrated	 that
amiodarone	 is	 effective	 at	 preventing	 AF	 following	 cardiovascular	 and
cardiothoracic	surgeries.29,31

Dosing
Amiodarone	 dosing	 varies	 depending	 on	 the	 clinical	 indication.	 Table	 1-1
summarizes	 the	 dosing	 recommendations	 for	 amiodarone	 according	 to	 AHA
recommendations,	2006	guidelines	for	management	of	patients	with	ventricular
arrhythmias	and	the	prevention	of	sudden	cardiac	death,	and	its	focused	update
in	 2011	 on	 the	management	 of	 atrial	 fibrillation.	Amiodarone	 is	 commercially
available	as	100	and	200	mg	oral	tablets	or	as	50	mg/mL	for	IV	administration.

TABLE	1-
1 Amiodarone	Dosing

aNSR	normal	sinus	rhythm

Adverse	Effects	and	Monitoring
Amiodarone	 administration	 has	 been	 associated	 with	 various	 cardiac	 and
noncardiac	side	effects,	some	life-threatening.	(See	Table	1-2.)	Cardiac	adverse



effects	 include	 bradycardia	 (2–4%),	 atrioventricular	 (AV)	 block	 (2–5%),	 QTc
interval	 prolongation	 with	 a	 mild	 risk	 (<1%)	 of	 torsades	 de	 pointes	 (TdP)
compared	 to	 other	 QTc	 interval	 prolonging	 drugs.	 Noncardiac	 adverse	 effects
caused	 by	 amiodarone	 include	 impaired	 thyroid	 function	 (hypo-	 6%	or	 hyper-
<1%),	which	is	largely	attributed	to	an	iodine	moiety	on	amiodarone	resembling
the	hormone	thyroxin.38	In	addition,	chronic	administration	of	high	doses	(>500
mg/day)	 can	 result	 in	 serious	 pulmonary	 fibrosis,	 which	 requires	 treatment
discontinuation	 (2–17%).39,40	 Other	 adverse	 effects	 include	 skin	 discoloration,
photosensitivity	 (10%),	 hepatotoxicity	 (0.6	 %),	 peripheral	 neuropathy	 (0.3%),
and	corneal	deposits	(<10%),	which	may	occur	with	prolonged	use.	Due	to	the
involvement	 of	 multiple	 organ	 systems	 and	 the	 potential	 for	 serious	 adverse
effects,	 prolonged	 use	 of	 amiodarone	 requires	 close	 monitoring	 for	 these
toxicities.	Routine	monitoring	of	liver	and	thyroid	function	as	well	as	a	chest	X-
ray	and	electrocardiogram	(ECG)	is	recommended	every	6	months.

TABLE	1-
2 Adverse	Effects	Associated	with	Dronedarone	and	Amiodarone



Pharmacokinetics
Following	oral	administration,	amiodarone	absorption	is	incomplete	with	highly
variable	 bioavailability	 reported	 between	 20	 to	 80	 percent.41,42	 This
unpredictable	and	 incomplete	absorption	may	be	partially	attributed	 to	 the	 fact
that	amiodarone	is	a	substrate	for	the	cytochrome	P450	(CYP)	3A	metabolizing
enzyme	and	 the	efflux	 transport	protein,	P-glycoprotein	 (P-gp).	Following	oral
administration,	 it	 can	 take	 between	 three	 to	 seven	 hours	 to	 achieve	maximum



plasma	concentrations.43,44	Both	the	rate	and	extent	of	absorption	of	amiodarone
increase	when	administered	concurrently	with	food.

Amiodarone	 is	 a	 highly	 lipophilic	 compound	 that	 results	 in	 significant
accumulation	 and	 an	 atypical	 pharmacokinetic	 profile.	 (See	 Table	 1-3.)
Amiodarone	is	slowly	and	extensively	distributed	to	peripheral	tissue,	especially
adipose	 and	 cell	 membranes.	 This	 distribution	 and	 extensive	 plasma	 protein
binding	 (>95%)	 account	 for	 its	 large	 volume	 of	 distribution	 (Vdss)	 of	 50–150
L/kg.	Amiodarone	 is	primarily	de-ethylated	by	CYP3A445	and	CYP2C846	 into
the	 pharmacologically	 active	 metabolite:	 desethylamiodarone	 (DEA).
Administration	 of	 DEA	 alone	 suppressed	 ventricular	 arrhythmias	 in	 dogs,
whereas	 coadministration	 of	 DEA	 and	 amiodarone	 suppressed	 ventricular
arrhythmias	 at	 lower	 doses	 than	 giving	 amiodarone	 alone.47	 Amiodarone	 and
DEA,	 when	 given	 separately,	 reduced	 the	 incidence	 of	 ischemia-induced
ventricular	 arrhythmias	 in	 rats.48	 Therefore,	 both	 amiodarone	 and	 DEA	 are
effective,	but	more	DEA	may	reach	cardiac	tissue.	Similar	plasma	concentrations
of	amiodarone	and	DEA	resulted	in	higher	myocardial	concentrations	of	DEA.47
Renal	elimination	of	both	amiodarone	and	its	metabolite	is	negligible	(<1%).

TABLE	1-
3

Key	Pharmacokinetic	Parameters	of	Amiodarone	and
Dronedarone



Chronic	 administration	 of	 amiodarone	 is	 associated	with	 a	 long	 elimination
half-life	 (t½	~	120	days).	The	half-life	and	volume	of	distribution	appear	 to	be
proportional	 to	 the	 duration	 of	 therapy,	 where	 longer	 periods	 of	 treatment
resulted	in	larger	reported	values	of	both	pharmacokinetic	parameters.

Therapeutic	and	Toxic	Concentrations
A	therapeutic	plasma	concentration	range	for	amiodarone	is	not	clearly	defined.
However,	 data	 suggest	 that	 it	may	 be	 beneficial	 to	maintain	 concentrations	 of
1.0–2.5	mg/L,	with	 some	studies	 reporting	 increased	 risk	of	 toxicity	at	plasma
concentrations	>2.5	mg/L.1,49,50	Higher	plasma	concentrations	 (>2.5	mg/L)	are
associated	with	a	higher	incidence	of	pulmonary,	neurologic,	and	gastrointestinal
toxicity	 with	 no	 additional	 antiarrhythmic	 effect	 observed.	 In	 general,	 little
clinical	 usefulness	 comes	 with	 monitoring	 amiodarone	 plasma	 concentrations.
However,	 in	 some	 cases	 it	 may	 be	 valuable	 to	 measure	 periodic	 trough
concentrations	 to	 determine	 patient-specific	 effective	 concentrations	 when
considering	chronic	use	of	the	drug.	In	a	multicenter	clinical	trial	in	patients	with
ventricular	 and	 supraventricular	 arrhythmias,	 amiodarone	 and	 DEA
concentrations	 linearly	 correlated	 with	 the	 administered	 dose	 of	 amiodarone
(200,	400,	or	600	mg/day).51	Similarly,	the	concentration	of	DEA	correlated	with
observed	amiodarone	concentrations,	whereas	drug-to-metabolite	ratio	remained
constant	at	all	studied	doses.	The	patients	who	experienced	adverse	events	had
amiodarone	concentrations	of	2.9	±	1.5	mg/L,	while	drug-to-metabolite	ratio	was
similar	(1.8	±	0.8)	whether	adverse	events	occurred	or	not.51

Drug	Interactions
Both	 amiodarone	 and	 DEA	 can	 inhibit	 several	 drug	 metabolizing	 enzymes,
which	 is	 the	primary	source	 for	drug	 interactions.	Amiodarone	 itself	 is	a	weak
inhibitor	of	CYP2C9,	CYP2D6,	and	CYP3A4.	However,	DEA	is	a	more	potent
inhibitor	 of	 these	 enzymes	 and	 additionally	 inhibits	 the	 function	 of	 CYP1A1,
CYP2A6,	and	CYP2B6.52	Amiodarone	is	also	a	substrate	and	an	inhibitor	of	P-
gp.	 This	 primary	 mechanism	 of	 interaction	 with	 digoxin	 results	 in	 elevated
digoxin	plasma	concentrations	when	coadministered	with	amiodarone.

DRONEDARONE
Dronedarone	 is	 a	 benzofuran	 derivative	 that	 is	 structurally	 analogous	 to
amiodarone	without	an	iodine	moiety.	The	structural	dissimilarities	improve	the



drug	 safety	 profile	 of	 dronedarone	 over	 amiodarone.	 The	 lack	 of	 an	 iodine
moiety	 aims	 at	 reducing	 the	 incidence	 and	 severity	 of	 the	 thyroid	 toxicity
associated	 with	 amiodarone.53	 Also,	 the	 addition	 of	 a	 methyl-sulfonyl	 group
decreases	 the	 lipophilicity	 of	 dronedarone,	 resulting	 in	 less	 tissue	 distribution
and	therefore	less	accumulation	compared	to	amiodarone.	Overall,	dronedarone
has	a	shorter	half-life	and	more	favorable	pharmacokinetic	profile	compared	to
amiodarone.53,54

Similar	 to	 amiodarone,	 dronedarone	 has	 electrophysiological	 effects	 of	 all
four	 Vaughan-Williams	 classes	 of	 antiarrhythmic	 drugs.55,56	 Despite	 these
electrophysiologic	 similarities,	 dronedarone	 is	 less	 effective	 at	 suppressing	AF
recurrence	 (63.5%)	 compared	 to	 amiodarone	 (42.0%).57	 However,	 in	 a	 large,
multicenter,	 randomized	 clinical	 trial,	 dronedarone	 was	 associated	 with	 a
reduced	 risk	 of	 hospitalizations	 versus	 placebo	 in	 patients	with	 paroxysmal	 or
persistent	AF	associated	with	cardiovascular	risk	factors.58	This	trial	resulted	in
the	U.S.	Food	and	Drug	Administration	(FDA)	approval	of	dronedarone	for	the
treatment	 of	 patients	with	AF.	However,	 dronedarone	has	 been	 shown	 to	 have
detrimental	effects	 in	heart	 failure	patients,	and	postmarketing	surveillance	has
indicated	 it	 can	 prompt	 life-threatening	 hepatotoxicity.	 Therefore,	 the	 role	 of
dronedarone	 in	 clinical	 practice	 remains	 controversial,	 and	many	 consider	 it	 a
second-line	agent	 to	amiodarone.59	Dronedarone	has	also	been	 investigated	for
ventricular	 rate	 control	 in	 permanent	 AF.	 In	 the	 Efficacy	 and	 Safety	 of
Dronedarone	for	the	Control	of	Ventricular	Rate	during	AF	(ERATO)	study,60	a
dose	 of	 400	mg	 twice	 daily	 was	 successful	 in	 controlling	 the	 ventricular	 rate
compared	to	placebo;	however,	dronedarone	is	not	yet	approved	for	rate	control.

Dosing
In	 a	 dose-ranging	 study	 of	 dronedarone	 for	 the	 prevention	 of	 AF	 (DAFNE),
doses	of	400,	600,	and	800	mg	twice	daily	were	assessed.53	In	this	trial,	400	mg
twice	 daily	 increased	 the	 time	 to	AF	 recurrence	 following	 cardioversion.	 This
effect	 on	 the	 time	 to	 relapse	was	not	 statistically	 significantly	 for	 600	mg	and
800	mg	twice	daily	compared	to	placebo.	Moreover,	these	higher	doses	(600	and
800	 mg	 twice	 daily)	 were	 not	 statistically	 significantly	 more	 efficacious	 in
cardioversion	 to	 normal	 sinus	 rhythm.	 Additionally,	 the	 incidence	 of	 drug
discontinuation	due	to	adverse	events	was	higher	at	600	mg	twice	daily	(7.6%)
and	800	mg	twice	daily	(22.6%)	versus	400	mg	twice	daily	(3.9%).	Therefore,
the	 recommended	 and	 approved	 dose	 is	 400	 mg	 twice	 daily	 with	 meals.
Dronedarone	exposure	is	20–30	percent	higher	in	special	populations	including



females,	 patients	 older	 than	 65	 years,	 or	 patients	 with	 moderate	 hepatic
impairment;	 however,	 no	 dosage	 adjustment	 in	 these	 populations	 has	 been
reported.

Adverse	Events
Drug	discontinuation	due	 to	adverse	events	was	3.9	percent	with	 the	approved
400	 mg	 twice	 daily	 dose.53	 The	 most	 frequently	 reported	 adverse	 event	 is
gastrointestinal	toxicity	(4–20%)	in	the	form	of	diarrhea,	nausea,	vomiting,	and
gastroenteritis.53

In	 clinical	 trials	 dronedarone	 was	 associated	 with	 fewer	 cases	 of	 thyroid
toxicity	and	overall	better	tolerance	compared	to	amiodarone.61	(Refer	to	Table
1-2.)	A	 short-term,	 randomized,	 double-blind,	 parallel-group	 study	 to	 evaluate
the	 efficacy	 and	 safety	 of	 dronedarone	 versus	 amiodarone	 in	 patients	 with
persistent	 atrial	 fibrillation	 (DIONYSOS	 study)	 directly	 compared	 both	 drugs
over	a	maximum	duration	of	 treatment	of	13.8	months.57	Drug	discontinuation
due	 to	 intolerance	was	10	percent	 in	dronedarone	group	versus	13.3	percent	 in
patients	receiving	amiodarone.	Fewer	 incidences	of	 thyroid,	neurologic,	ocular,
and	 dermatologic	 adverse	 events	 were	 reported	 in	 patients	 who	 were
administered	 dronedarone	 compared	 to	 those	 who	 received	 amiodarone.
However,	 the	 proportion	 of	 patients	 who	 experienced	 gastrointestinal	 toxicity
(12.9%	vs.	5.1%)	and	liver	enzymes	elevation	(12.0%	vs.	10.6%)	was	higher	in
patients	who	received	dronedarone	compared	to	those	who	received	amiodarone.

Despite	 an	 enhanced	 adverse	 effect	 profile	 compared	 to	 amiodarone,
dronedarone	 is	 largely	 considered	 a	 second-line	 therapy	 to	 amiodarone	 for	 a
couple	 of	 reasons	 related	 to	 adverse	 effects.	 First,	 dronedarone	was	 associated
with	 increased	 mortality	 when	 administered	 to	 patients	 with	 New	York	 Heart
Association	(NYHA)	class	III	or	IV	heart	failure.	Therefore,	current	guidelines
do	 not	 recommend	 using	 dronedarone	 in	 patients	 with	 NYHA	 class	 III	 or	 IV
heart	 failure	 or	 those	 with	 a	 recent	 exacerbation.62	 Amiodarone	 remains	 the
agent	 of	 choice	 in	 heart	 failure	 patients.	 Secondly,	 severe	 hepatotoxicity
requiring	 liver	 transplantation	 has	 been	 reported	 in	 two	 cases.63	 Both	 patients
were	female,	approximately	70	years	of	age,	and	were	receiving	dronedarone	for
atrial	 fibrillation.	 All	 other	 potential	 causes	 of	 hepatic	 failure	 were	 reportedly
excluded.	Accordingly,	the	FDA	has	required	the	inclusion	of	this	potential	risk
for	hepatotoxicity	in	the	product	labeling	of	dronedarone.

Pharmacokinetics



Dronedarone	 has	 less	 accumulation	 and	 exhibits	 a	 more	 traditional
pharmacokinetic	 profile	 compared	 to	 amiodarone.	 (Refer	 to	 Table	 1-3.)
Dronedarone	 undergoes	 extensive	 first-pass	 metabolism,	 which	 may	 be
attributed	 to	 CYP3A	 metabolism.	 Consequently,	 the	 drug	 has	 a	 low	 absolute
bioavailability	 (<5%)	 that	 increases	 to	 approximately	 15	 percent	 when
administered	with	food.	It	takes	3–6	hours	to	reach	peak	plasma	concentrations
following	oral	administration.	Dronedarone	 is	highly	bound	 to	plasma	proteins
(>98%),	 mainly	 albumin,	 with	 a	 steady-state	 volume	 of	 distribution	 of
approximately	1,400	L.64

Dronedarone	is	extensively	metabolized	by	CYP3A	into	an	active	N-debutyl
metabolite,	which	is	three-	to	tenfold	less	potent	than	the	parent	drug.	Following
metabolism,	the	drug	is	mainly	excreted	in	feces	(84%)	and	a	small	portion	(6%)
is	excreted	in	urine.	The	elimination	half-life	of	dronedarone	is	approximately	24
hours	with	steady-state	plasma	concentrations	(85–170	ng/mL)	achieved	in	four
to	eight	days.

Drug	Interactions
Dronedarone	 has	 a	 potential	 for	 multidrug	 interactions	 when	 coadministered
with	CYP3A	substrates,	 inducers,	or	 inhibitors.	Coadministration	with	a	strong
CYP3A	inhibitor	such	as	ketoconazole	results	in	greater	than	a	15-fold	increase
in	 dronedarone	 exposure.	 Moderate	 CYP3A	 inhibitors	 such	 as	 verapamil
increase	 exposure	 by	 40–70	 percent.	 Coadministration	 with	 CYP3A	 inducers
such	as	rifampin	reduces	exposure	by	80	percent.

Dronedarone	 is	 also	 an	 inhibitor	 of	 P-gp,	 CYP2D6,	 and	 CYP3A	 and	 can
affect	 the	metabolism	of	other	drugs.	For	example,	dronedarone	administration
causes	an	approximately	fourfold	increase	in	simvastatin	exposure	and	a	1.5-fold
increase	 in	 verapamil	 concentration,	 both	 substrates	 of	 CYP3A.	 A	 daily
dronedarone	dose	of	800	mg	increases	metoprolol	(CYP2D6	substrate)	Cmax	and
exposure	by	1.8-	and	1.6-fold,	respectively.65	Dronedarone	increases	exposure	of
digoxin	through	P-gp	inhibition	in	a	similar	manner	as	with	amiodarone.60	Other
drug	interactions	arise	from	the	electrophysiologic	effects	of	dronedarone.	Class
I	and	III	antiarrhythmic	drugs	can	potentiate	the	risk	of	torsades	de	pointes	(TdP)
due	 to	 QTc	 interval	 prolongation.	 Similarly,	 the	 incidence	 of	 bradycardia
increases	when	coadministered	with	beta	blockers.65

CASE	STUDIES



CASE	1:	TRANSITIONING	FROM	INTRAVENOUS	TO	ORAL
AMIODARONE
MH	 is	 a	 73-year-old	 woman	 (weight	 =	 50	 kg)	 with	 a	 past	 medical	 history
significant	 for	 coronary	 artery	 disease,	 hyperlipidemia,	 hypertension,	 diabetes
mellitus,	 and	 chronic	 kidney	 disease	 stage	 III.	 She	 was	 admitted	 to	 the
cardiovascular	 intensive	 care	 unit	 following	 a	 three-vessel	 coronary	 artery
bypass	 grafting.	Her	 postoperative	 course	was	 complicated	by	 development	 of
atrial	fibrillation	on	postoperative	day	2.	She	was	started	on	a	loading	regimen
of	 intravenous	 amiodarone	 as	 a	 150	mg	 intravenous	 (IV)	 bolus	 followed	 by	 1
mg/min	 for	 6	 hours.	 She	 was	 switched	 to	 and	 has	 been	 on	 an	 amiodarone
infusion	of	0.5	mg/min	for	approximately	36	hours.	The	medical	team	wishes	to
switch	 her	 to	 an	 oral	 regimen	 to	 facilitate	 transfer	 to	 a	 medical	 floor	 and
eventual	discharge.

QUESTION	1
Estimate	 MH’s	 amiodarone	 plasma	 concentration	 at	 the	 end	 of	 the	 six-hour
infusion	of	1	mg/min	of	amiodarone.

Answer:
The	plasma	concentration	(Cp)	of	amiodarone	at	six	hours	will	 reflect	both	 the
administered	IV	bolus	(150	mg)	and	the	infused	(1	mg/min)	amiodarone.	To	help
visually	 depict	 the	 scenario,	 Figure	 1-1	 represents	 a	 theoretical	 plasma
concentration-time	curve	 for	 a	drug	with	 similar	properties	 to	 amiodarone	 that
was	administered	in	the	same	manner	as	in	this	clinical	case.	Point	A	in	Figure	1-
1	 represents	 the	 theoretical	 concentration	 of	 this	 drug	 following	 a	 bolus	 dose,
and	Point	B	represents	a	theoretical	concentration	following	a	6-hour	infusion.	In
order	 to	 estimate	 amiodarone	 concentration	 after	 six	 hours,	 the	 remaining
amount	of	 the	IV	bolus	after	6	hours	can	be	added	 to	 the	amount	accumulated
from	the	6-hour	infusion.	To	estimate	the	amount	remaining	of	the	IV	bolus,	the
following	fundamental	first-order	elimination	kinetics	equation	can	be	used:



FIGURE	1-1.	Amiodarone	 plasma	 concentration	 following	 IV-injection	 and	 infusion	 at	 2	 different	 rates
(1.0	mg/min	for	6	hours	and	0.5	mg/min	for	36	hours).	A	is	the	amiodarone	plasma	concentration	just	after
the	 IV-injection,	 B	 is	 the	 concentration	 at	 6	 hours	 before	 starting	 the	 second	 infusion,	 and	 C	 is	 the
concentration	 at	 the	 end	 of	 the	 second	 infusion.	 The	 solid	 line	 represents	 the	 actual	 change	 in	 plasma
concentration,	and	the	dashed	line	represents	the	first-order	elimination	of	amiodarone	if	a	second	infusion
was	not	started.

Equation	1:	Cp	=	(Cp)0	×	e–Ket

where	Cp	is	the	plasma	concentration	at	any	time	(t),	(Cp)0	is	the	initial	plasma
concentration	 (point	A),	 and	Ke	 is	 the	 first-order	 elimination	 rate	 constant	 for
amiodarone.	 Because	 the	 initial	 amiodarone	 concentration	 (Cp)0	 was	 obtained



following	 a	 bolus	 dose,	 it	 can	 be	 substituted	 by	 	 based	 on	 the
fundamental	 relationship	 between	 amount	 (dose),	 concentration,	 and	 volume,
where	 F	 is	 the	 bioavailability	 (equal	 to	 1	 for	 an	 IV	 dose),	 and	 Vd	 is	 the
amiodarone	volume	of	distribution.

To	calculate	the	portion	of	Cp	that	is	attributed	to	the	IV	infusion	for	6	hours,
the	following	equation	can	be	used:

where	 R0	 is	 the	 infusion	 rate	 constant	 (i.e.,	 1	 mg/min	 for	 the	 first	 6	 hours).
Hence,	 amiodarone	 Cp	 following	 both	 the	 IV	 bolus	 and	 IV	 infusion	 can	 be
estimated	using	the	combined	equation:

It	is	important	to	keep	in	mind	that	the	utilization	of	this	equation	will	give	an
estimate	 that	 is	 only	 as	 accurate	 as	 the	 variability	 in	 the	 underlying
pharmacokinetic	parameters.	Population	data	will	have	to	be	used	to	estimate	the
pharmacokinetic	 parameters	 for	 amiodarone	 in	 this	 patient	 because	 no	 plasma
concentrations	 have	 been	 clinically	 assessed.	 Amiodarone	 is	 characterized	 as
having	a	large	and	variable	Vd	that	ranges	between	50	and	150	L/kg.	This	result
is	associated	with	a	long	half-life,	which	has	been	reported	up	to	120	days,	with
most	of	the	patients	in	clinical	studies	demonstrating	half-lives	ranging	from	40
to	 50	 days.	Therefore,	 the	 inherent	 variability	 in	 the	 intersubject	 variability	 of
amiodarone	will	 reflect	 on	 the	 estimated	Cp	 in	 this	 example.	 For	 the	 required
calculation	in	this	case,	an	average	Vd	of	100	L/kg	and	a	half-life	of	45	days	will
be	used.



Using	 this	 patient’s	 body	weight,	 the	volume	of	distribution	 is	 estimated	 as
follows:

Ke	can	be	estimated	from	the	half-life	using	the	following	equation:

and	converted	to	hours	by

The	infusion	rate	R0	(1	mg/min)	is	equivalent	to	60	mg/h.
Given	this	information,	the	Cp	after	6	hours	can	be	estimated	using	equation

4:

Administration	 of	 a	 150	 mg	 IV-bolus	 followed	 by	 an	 IV-infusion	 of
amiodarone	1	mg/min	for	6	hours	results	in	an	estimated	plasma	concentration	of
0.102	mg/L	using	average	population	data	 for	Vd	 and	half-life.	Performing	 the



same	 calculation	 and	 assuming	 the	 lower	 and	 upper	 limits	 of	 the	 reported	Vd
range	 of	 50–150	 L/kg	 yields	 Cp	 at	 6	 hours	 of	 0.068	 and	 0.203	 mg/L,
respectively.	Therefore,	 the	 administered	 IV-bolus	and	6	hours	 infusion	 should
yield	Cp	in	the	range	of	0.068–0.203	mg/L	in	this	patient.

QUESTION	2

Estimate	 MH’s	 amiodarone	 plasma	 concentration	 at	 the	 end	 of	 the	 36-hour
infusion	administered	at	a	rate	of	0.5	mg/min	(i.e.,	following	the	150	mg	bolus,
6-hour	1	mg/min	infusion	and	36-hour	0.5	mg/min	infusion).

Answer:
The	36-hour	infusion	of	amiodarone	at	0.5	mg/min	followed	the	initial	 loading
dose	and	6-hour	infusion	at	1	mg/min.	The	total	amiodarone	administration	time
in	this	patient	is	equal	to	42	hours,	represented	by	point	C	in	Figure	1-1.	At	the
end	of	the	42	hours,	the	plasma	concentration	should	reflect	the	following:

1.	The	remaining	amount	of	amiodarone	following	the	initial	IV	bolus	and	the
previous	infusion	(1.0	mg/min	for	6	hours),	which	was	estimated	to	be
0.102	mg/L	at	6	hours.	This	amount	will	decrease	over	the	next	36	hours,	as
depicted	in	Figure	1-1	by	a	dashed	line	from	point	B	over	the	36	hours	of
the	new	infusion.	The	amount	remaining	can	be	estimated	using	a	slightly
modified	version	of	equation	1.

Cp	=	(Cp)0	e–Ke(t–T)

where	(Cp)0	is	the	initial	concentration	that	was	estimated	to	be	0.102	mg/L
in	question	1	(Point	B	in	Figure	1-1),	while	T	is	the	infusion	time	of	the
initial	IV	infusion	(i.e.,	6	hours)	and	t	is	the	total	time	of	amiodarone
administration	(i.e.,	42	hours).

2.	The	resulting	amiodarone	concentration	from	the	second	infusion	(0.5
mg/min	for	36	hours)	can	be	estimated	using	equation	3.



Therefore,	the	estimated	amiodarone	Cp	after	36	hours	of	0.5-mg/min
infusion	(Cp)42	is	calculated	by	adding	both	components	as	follows	in
equation	5:

Similar	to	question	1,	average	values	of	Vd	and	Ke	will	be	used	to	perform
the	calculation.

After	 changing	 the	 IV-infusion	 rate	 and	 continuing	 amiodarone	 administration
for	 36	 more	 hours,	 the	 estimated	 plasma	 concentration	 is	 0.313	 mg/L.
Performing	the	same	calculation	and	assuming	the	lower	and	upper	limits	of	the
reported	 Vd	 range	 of	 50–150	 L/kg	 yield	 Cp	 of	 0.208	 and	 0.626	 mg/L,
respectively.	Therefore,	the	total	intravenously	administered	amiodarone	should
achieve	Cp	in	the	range	of	0.208–0.626	mg/L	in	this	patient.	This	concentration
range	is	below	the	reported	therapeutic	range	of	amiodarone	(1.0–2.5	mg/L)	that
is	targeted	by	the	loading	regimen	before	switching	the	patient	to	a	maintenance
regimen.

QUESTION	3

What	 is	 an	 appropriate	 oral	 regimen	 of	 amiodarone	 that	 MH	 should	 be
administered	to	complete	the	loading	dose	phase?



Answer:
As	 described,	 amiodarone	 has	 a	 complex	 pharmacokinetic	 behavior	 given	 its
extensive	accumulation	in	body	tissues.	Thus,	amiodarone	has	a	large	volume	of
distribution	 associated	 with	 a	 lengthened	 half-life	 and	 time	 to	 reach	 steady-
steady	 plasma	 concentrations.	 Consequently,	 a	 loading	 dose	 of	 amiodarone	 is
recommended	in	certain	situations	to	expedite	the	time	for	amiodarone	to	exert
its	full	therapeutic	action.	Amiodarone	loading	is	achieved	clinically	by	giving	a
maximum	daily	dose	of	1,600	mg	orally	until	reaching	a	total	loading	dose	of	10
g	 before	 switching	 to	 a	maintenance	 regimen.	 It	 is	 common	 for	 patients	 to	 be
started	on	IV	amiodarone	to	attain	rapid	electrophysiological	effects	before	being
switched	to	an	oral	regimen	of	400	mg	twice	(BID)	or	three	times	(TID)	daily.	It
should	be	noted	that	the	bioavailability	of	amiodarone	is	highly	variable	between
patients	 (usually	 0.2–0.8).	 Therefore,	 clinically	 10	 g	 of	 total	 amiodarone	 is
commonly	targeted	for	total	IV	and	oral	doses.	In	order	to	switch	MH	to	an	oral
regimen,	the	total	amount	administered	intravenously	should	be	calculated.

Amount	already	administered	=	150	mg	IV	bolus
+	1	mg/min	for	6	h	+	0.5	mg/min	for	36	h
=	150	+	(1	×	60	×	6)	+	(0.5	×	60	×	36)
=	1,590	mg

Amount	 remaining	 to	 be	 administered	 for	 the	 loading	 dose	 =	 10,000	mg	 –
1,590	mg	=	8,410	mg.

Given	a	dose	of	400	mg	TID	(i.e.,	1,200	mg	per	day):

Given	a	dose	of	400	mg	BID	(i.e.,	800	mg	per	day):

When	 choosing	 the	 daily	 dose	 regimen	 of	 amiodarone,	 the	 risk-to-benefit
ratio	 should	 be	 assessed	 for	 the	 individual	 patient.	 In	 this	 case,	 if	 MH	 had
converted	to	normal	sinus	rhythm	from	the	IV	regimen	alone,	it	would	likely	be



beneficial	to	give	her	the	lower	daily	dose	to	minimize	adverse	effects	given	her
age	 and	 comorbid	 conditions.	 However,	 if	 MH	 had	 paroxysmal	 AF	 with
hemodynamic	instability,	then	the	shorter	period	of	higher	dose	loading	may	be
preferred.

Following	 the	 loading	phase,	 the	 recommended	maintenance	dose	 for	AF	 is
200–400	mg/day.

QUESTION	4

MH	was	switched	from	IV	amiodarone	to	400	mg	orally	three	times	daily	for	7
days	to	complete	the	loading	dose	phase.	Estimate	the	amiodarone	concentration
postloading	dose	following	the	postinfusion	oral	regimen	of	amiodarone.

Answer:
Because	amiodarone	has	a	long	elimination	half-life,	7	days	is	not	enough	time
to	 reach	 steady	 state,	 which	 theoretically	 requires	 five	 to	 seven	 half-lives.	 In
such	a	case,	one	method	to	estimate	amiodarone	concentrations	at	the	end	of	the
loading	period	is	to	use	multiple-dose	kinetics	represented	by	equation	6:

where	 (Cp)N,max	 is	 the	 maximum	 plasma	 concentration	 after	 N	 administered
doses,	and	τ	 is	 the	dosing	 interval.	This	equation	enables	 the	estimation	of	 the
maximum	 plasma	 concentration	 after	 any	 number	 of	 doses	 before	 reaching
steady	 state.	 When	 the	 oral	 regimen	 is	 postinfusion,	 the	 remaining	 IV
amiodarone	prior	to	starting	the	oral	administration	should	be	considered.	Thus,
in	 addition	 to	 the	 oral	 amiodarone	 accumulating	 and	 estimated	 by	 equation	 6,
postinfusion	amiodarone	is	eliminated	in	the	same	time	over	the	7	days	and	can
be	estimated	using	the	previously	mentioned	first-order	elimination	equation:

Cp	=	(Cp)42e–Ke	×	7	days

where	(Cp)42	 is	concentration	of	amiodarone	following	the	42-hour	IV	regimen
(estimated	to	be	0.313	mg/L	in	the	answer	to	question	2).	With	oral	and	infusion
regimens,	amiodarone	plasma	concentration	can	be	estimated	at	the	end	of	the	7



days	(168	hours)	by	adding	both	as	represented	in	the	following	equation:

MH	was	administered	400	mg	TID	for	the	oral	loading	phase,	so	the	number
of	doses	administered	orally	is

Therefore,	considering	elimination	characterized	by	the	long	half-life	reported
for	amiodarone,	the	plasma	concentration	is	estimated	to	be	1.081	mg/L.

QUESTION	5

Estimate	 the	 amiodarone	 concentration	 after	 the	 entire	 loading	 phase	 (IV	 and
oral),	 assuming	 NO	 amiodarone	 elimination	 during	 the	 loading	 phase.
Compare	 your	 answer	 to	 that	 estimated	 in	 question	 4	 and	 explain	 the
similarities.

Answer:
If	amiodarone	is	theoretically	not	eliminated	during	the	entire	loading	phase,	the
estimation	of	plasma	concentrations	is	quite	simple.	All	that	needs	to	be	done	is



to	estimate	the	total	amount	of	amiodarone	that	reaches	the	systemic	circulation
and	divide	by	the	volume	of	distribution	to	get	an	estimated	concentration.	In	the
loading	phase,	MH	 received	1,590	mg	of	 amiodarone	 intravenously	 and	8,400
mg	orally.	Amiodarone	has	an	oral	bioavailability	that	can	range	from	20	percent
to	 80	 percent	 or	 higher	with	 an	 approximate	 average	 of	 50	 percent	 (F	 =	 0.5).
Therefore,	F	=	0.5	will	be	used	for	the	calculation	of	amiodarone	concentration
following	 oral	 administration	 in	 this	 case.	 Theoretically,	 if	 no	 elimination
occurred	during	 this	 loading	phase,	 amiodarone	would	accumulate	 in	 the	body
without	 elimination.	 First,	 the	 total	 amount	 of	 amiodarone	 administered	 that
reached	systemic	circulation	needs	to	be	calculated:

The	total	amount	administered	was	1,590	mg	IV	and	8,400	mg	orally
(400	mg	TID	for	one	week).	Therefore,	the	total	amount	to	reach
systemic	circulation
=	1,590	mg	+	(8,400	mg	×	F)
=	1,590	mg	+	(8,400	mg	×	0.5)	=	5,790	mg

Second,	 amiodarone	 concentration	 can	 be	 estimated	 using	 the	 fundamental
relationship	between	dose,	volume,	and	plasma	concentration	as	follows:

Thus,	assuming	no	elimination,	the	administered	loading	regimen	is	estimated
to	 yield	 a	 plasma	 concentration	 of	 1.158	 mg/L	 assuming	 a	 50	 percent	 oral
bioavailability.	 Therefore,	 if	 no	 elimination	 occurred,	 the	 estimated	 plasma
concentration	 (1.158	mg/L)	 is	only	7	percent	higher	 than	 that	estimated	 (1.081
mg/L)	when	considering	elimination.	The	similarity	 is	due	 to	 the	 long	half-life
for	 amiodarone,	 which	 is	 characterized	 by	 a	 slow	 elimination	 from	 the	 body.
Theoretically,	drugs	with	long	half-lives	will	not	have	rapidly	changing	plasma
concentrations	 due	 to	 slow	 elimination.	 This	 characteristic	 can	 be	 taken



advantage	 of	 to	 make	 estimates	 of	 plasma	 concentrations	 following	 complex
regimens	as	demonstrated	by	the	similarities	in	the	answers	to	questions	4	and	5.

CASE	2:	CONVERTING	A	PATIENT	FROM	AMIODARONE
TO	DRONEDARONE	THERAPY
SA	is	a	62-year-old	man	with	mild	left	ventricular	systolic	dysfunction	who	has
been	 receiving	 amiodarone	 400	 mg	 daily	 as	 maintenance	 therapy	 for	 atrial
fibrillation	for	3	years.	He	presents	to	the	clinic	for	his	routine	appointment	with
complaints	of	hand	 tremors	and	heat	 intolerance.	The	physical	 exam	 indicates
that	 he	 has	 lost	 approximately	 15	 kg	 since	 his	 last	 appointment	 and	 has	 a
moderately	enlarged	thyroid	gland.	SA	was	diagnosed	with	amiodarone-induced
thyrotoxicosis	and	will	be	transitioned	to	dronedarone	therapy.

QUESTION	1
What	considerations	should	be	made	to	determine	how	long	amiodarone	should
be	 washed	 out	 before	 dronedarone	 is	 initiated?	 What	 should	 be	 monitored
closely?

Answer:
The	 decision	whether	 or	 not	 and	 the	 length	 of	 time	 to	washout	 a	 drug	 before
switching	 to	 a	 similar	 therapeutic	 agent	 requires	 a	 combination	 of
pharmacokinetic	and	pharmacodynamic	considerations.	In	general,	it	is	accepted
that	 after	 five	 half-lives	 a	 drug	 is	 adequately	 eliminated	 from	 the	 body.	 By
definition,	50	percent	of	any	given	drug	that	follows	linear	first-order	kinetics	is
eliminated	 from	 the	body	after	one	half-life.	After	each	additional	half-life,	50
percent	of	the	remaining	amount	of	drug	in	the	body	is	lost.	Therefore,	after	two
half-lives	 only	 25	 percent	 of	 the	 original	 amount	 administered	 would	 remain.
Therefore,	 theoretically,	 96.875	 percent	 of	 a	 drug	will	 be	 eliminated	 from	 the
body	after	five	half-lives	as	displayed	in	Table	1-4.

TABLE	1-
4

Theoretical	Amount	of	Drug	Remaining	and	Lost	Based	on
Number	of	Half-Lives	in	the	Body



As	mentioned,	amiodarone	has	a	complex	pharmacokinetic	profile	due	to	its
extensive	 accumulation	 in	 tissue,	 which	 corresponds	 to	 an	 unusually	 large
volume	 of	 distribution.	 The	 half-life	 (t½)	 of	 a	 drug	 is	 influenced	 by	 its
elimination	clearance	(CL)	and	volume	of	distribution	(Vd)	as	demonstrated	 in
equation	8:

Therefore,	drugs	that	are	highly	distributed	to	tissues	and	have	large	volumes
of	distribution	will	generally	have	a	long	half-life.	For	amiodarone,	the	half-life
can	be	up	to	100	days	given	its	unusual	accumulation	in	tissues.	In	this	extreme
case,	 it	would	 require	waiting	500	days	 (1.4	years)	 to	 fully	wash	out	 the	drug
from	 systemic	 circulation.	 This	 amount	 of	washout	 time	 is	 clearly	 unrealistic.
Therefore,	pharmacokinetic	principles	do	not	provide	a	complete	picture	of	 the
factors	 that	 need	 to	 be	 considered	 in	 switching	 a	 patient	 from	 amiodarone	 to
dronedarone.

Even	 though	amiodarone	 is	detectable	 in	 the	systemic	circulation	for	a	 long
period	 of	 time,	 it	 does	 not	 remain	 effective	 at	 arrhythmia	 suppression	 for	 this
extended	 time	 interval.	 Therefore,	 consideration	 of	 pharmacodynamic
parameters	 such	as	 the	 time	of	effectiveness	 is	necessary	 to	consider	 for	drugs



with	 long	 half-lives.	Amiodarone	 remains	 effective	 at	 suppressing	 arrhythmias
for	several	days	after	discontinuation	but	may	lose	effectiveness	as	soon	as	3	to	5
days	after	discontinuation.	Therefore,	 the	potential	 accentuating	of	amiodarone
toxicity	 versus	 the	 risk	 of	 losing	 the	 effectiveness	 of	 arrhythmia	 suppression
needs	to	be	considered.	In	this	case	amiodarone	is	being	used	to	maintain	sinus
rhythm	 in	 a	 patient	 with	 atrial	 fibrillation	 with	 a	 current	 toxicity	 of
thyrotoxicosis.	Dronedarone,	in	theory,	should	not	accentuate	the	thyroid	toxicity
of	amiodarone	because	it	lacks	an	iodine	group	and	has	a	significantly	decreased
propensity	 to	cause	 thyroid-related	problems	 in	clinical	 trials.	Furthermore,	 the
administration	of	 dronedarone	or	 continued	 course	 of	 amiodarone	 therapy	will
not	 change	 the	 course	 of	 therapy	 to	 treat	 thyrotoxicosis,	 such	 as	 the
administration	 of	 methimazole.	 However,	 by	 not	 administering	 one	 of	 these
agents,	it	may	decrease	the	effectiveness	of	treatment.

The	 most	 likely	 immediate	 concern	 related	 to	 toxicity	 of	 dronedarone	 and
amiodarone	would	be	associated	with	an	excessive	QT-interval	prolongation	and
the	 increased	 risk	 for	 torsades	 de	 pointes.	 This	 consideration	 is	 important
because	both	drugs	have	similar	mechanisms	related	to	ion	channel	function	and
Vaughn-Williams	 classification.	 Therefore,	 pharmacodynamic	 monitoring	 of
ECG	 data	 becomes	 important	 in	 patients	 switching	 from	 amiodarone	 to
dronedarone.	Given	a	normal	heart-rate	corrected	QTc-interval,	maintenance	of
normal	sinus	rhythm,	and	absence	of	other	amiodarone-related	adverse	effects,	it
would	 be	 reasonable	 to	 begin	 dronedarone	 after	 a	 3-	 to	 5-day	washout	 in	 this
patient.

The	 pharmacokinetic	 and	 pharmacodynamic	 (effectiveness	 and	 toxicity)
considerations	described	are	important	to	consider	regarding	the	decision	on	an
appropriate	washout	period.	One	additional	consideration	should	be	based	on	the
literature	and	washout	periods	that	were	used	in	the	clinical	trials	that	evaluated
dronedarone	 therapy.	Two	of	 the	 trials	 did	 not	 require	 a	washout	 period	when
converting	 patients	 from	 amiodarone	 to	 dronedarone,	 although	 the	 largest	 trial
had	 a	 28-day	 washout.	 However,	 the	 rationale	 for	 the	 28-day	 washout	 in	 the
ATHENA	trial	was	because	the	trial	outcome	was	not	related	to	the	maintenance
of	 sinus	 rhythm.	 In	 summary,	 it	 is	 not	 feasible	 to	 wait	 for	 five	 half-lives	 for
amiodarone	 to	 be	 eliminated	 from	 this	 patient	 before	 beginning	 dronedarone
given	the	intense	amiodarone	accumulation.	Previous	trials	started	dronedarone
without	 a	 washout	 period,	 and	 if	 there	 are	 no	 current	 toxicities	 other	 than
thyrotoxicosis,	it	would	make	the	most	sense	to	start	dronedarone	immediately	to
optimally	avoid	atrial	fibrillation	recurrence.



CASE	3:	DRUG	INTERACTIONS	I
DN	 is	 a	 64-year-old	 man	 who	 presented	 to	 the	 emergency	 department
complaining	 of	 lightheadedness,	 palpitations,	 and	 one	 episode	 of	 syncope	 that
made	him	decide	 to	seek	medical	attention.	Upon	 initial	presentation	his	heart
rate	was	45	beats	per	minute	and	his	electrocardiogram	displayed	 first-degree
heart	block.
His	 past	 medical	 history	 includes	 hypertension,	 atrial	 fibrillation,

hyperlipidemia,	HIV,	and	depression.	His	medications	include:

Lisinopril	20	mg	daily
Metoprolol	25	mg	twice	daily
Atorvastatin	40	mg	daily
Amiodarone	400	mg	daily
Atazanavir	400	mg	once	daily
Ritonavir	600	mg	twice	daily
Truvada®	(emtricitabine	plus	tenofovir)
Sertraline	100	mg	daily

He	has	been	taking	all	medications	for	several	years	other	than	the	initiation	of
the	antiretroviral	therapy	(ART)	6	months	ago.	DN	states	that	he	uses	a
pillbox	and	has	been	taking	his	medications	as	prescribed.

QUESTION	1
What	may	be	possible	drug	interactions	and	mechanisms	that	are	precipitating
DN’s	symptoms?

Answer:
The	 occurrence	 of	 undesirable	 clinical	manifestations	 following	 a	 change	 in	 a
medication	record	may	be	an	adverse	event	of	the	added	medications	or	a	result
of	drug-drug	interaction.	Coadministration	of	amiodarone	and	metoprolol	could
possibly	 cause	 bradycardia	 and	 dizziness	 as	 experienced	 by	 this	 patient.
However,	 the	 patient	 was	 stabilized	 on	 both	 medications	 with	 no	 reported
adverse	events	before	he	 started	 taking	 the	ART.	Both	atazanavir	and	 ritonavir



(protease	inhibitors)	are	potent	CYP3A4	inhibitors	that	can	increase	amiodarone
plasma	concentrations	(CYP3A4	substrate)	and	should	be	carefully	administered
in	 patients	 receiving	 atorvastatin.	 Coadministration	 of	 these	 drugs	 leads	 to
pharmacokinetic	drug	interactions	due	to	the	inhibition	of	CYP3A4	metabolizing
enzyme	that	may	result	in	elevated	concentrations	of	its	substrates	(amiodarone
and	 atorvastatin).	 This	 inhibition	 of	 CYP3A4	 can	 be	 associated	 with	 an
increased	risk	of	developing	adverse	events	from	both	drugs.	Therefore,	the	most
likely	 drug	 interaction	 would	 be	 due	 to	 amiodarone	 toxicity	 manifested	 by
dizziness,	 bradycardia,	 and	 AV	 block.	 Amiodarone	 should	 be	 stopped	 in	 this
patient	 immediately	 until	 symptoms	 are	 controlled,	 and	 alternative	 therapies
should	 be	 considered.	 Atorvastatin	 toxicity	 is	 also	 a	 potential	 concern	 in	 this
patient	 and	 dosing	 changes	 may	 be	 considered	 along	 with	 assessing	 liver
function	and	myopathy.

QUESTION	2

DN	had	an	amiodarone	concentration	of	2.2	mg/L	6	months	ago	before	starting
ART.	Estimate	the	steady-state	clearance	of	amiodarone	for	DN.

Answer:
Because	 the	 patient	 has	 been	 taking	 amiodarone	 for	more	 than	 6	months,	 the
plasma	concentration	may	be	at	or	close	to	steady	state.	Steady-state	amiodarone
clearance,	CLss,	can	be	calculated	using	equation	9	or	10:

where	 F	 is	 amiodarone	 bioavailability,	 (Cp)ss	 is	 the	 steady-state	 plasma
concentration,	 and	 τ	 is	 the	dosing	 interval.	This	 equation	 represents	 the	 steady
state	in	which	the	left-hand	side	of	the	equation	represents	the	output	rate	of	the
drug	and	the	right-hand	side	represents	the	input	rate.	By	definition	the	rates	of
input	 and	 output	 are	 equal	 at	 steady	 state.	 Equation	 9	 can	 be	 rearranged	 to
estimate	CLss	for	amiodarone.



As	previously	used,	 the	F	value	of	50	percent	(0.5)	will	be	used	to	estimate
amiodarone	clearance.

Therefore,	the	steady-state	clearance	of	amiodarone	by	DN	is	approximately
3.79	L/h.

QUESTION	3

Given	the	reported	adverse	effects	of	DN,	an	amiodarone	plasma	concentration
was	 ordered	 and	 determined	 to	 be	 3.7	 mg/L.	 Calculate	 the	 clearance	 of
amiodarone,	assuming	no	change	in	bioavailability.

Answer:
Similar	to	question	2,	amiodarone	steady-state	clearance	can	again	be	calculated
using	the	equation	and	the	newly	determined	plasma	concentration:



Based	on	the	observed	amiodarone	(Cp)ss	and	its	calculated	CLss,	amiodarone
clearance	was	estimated	 to	be	reduced	from	3.79	 to	2.25	L/h	after	 initiation	of
the	 ART.	 The	 increased	 amiodarone	 concentration	 is	 a	 likely	 cause	 of	 the
adverse	events	experienced	by	DN.	The	decreased	amiodarone	clearance	may	be
attributed	to	a	reduced	elimination	of	amiodarone	due	to	inhibition	of	CYP3A4
by	atazanavir	and	ritonavir.

QUESTION	4

Based	on	the	calculated	clearance	in	answer	3,	recommend	a	new	maintenance
dose	to	maintain	amiodarone	plasma	concentration	near	2.2	mg/L.

Answer:
A	 new	 dose	 to	 achieve	 the	 desired	 concentration	 can	 be	 calculated	 by
rearranging	equation	10	as	follows:

Based	 on	 this	 estimation,	 DN	 requires	 only	 half	 of	 his	 regular	 daily
amiodarone	dose,	which	can	be	reduced	from	400	mg	daily	to	200	mg	daily	once
his	symptoms	are	alleviated.

CASE	4:	DRUG	INTERACTIONS	II
DK	is	a	59-year-old,	60-kg,	female	who	just	underwent	a	coronary	artery	bypass
grafting	 surgery.	 After	 the	 surgery,	 DK	 experienced	 left-sided	 hemiplegia	 that
may	 be	 a	 cardiovascular	 embolism	 associated	 with	 intermittent	 atrial
fibrillation.	Her	inpatient	medications	included:



Aspirin	81	mg/day
Propranolol	25	mg	BID
Furosemide	40	mg/day
Simvastatin	40	mg/day

A	week	later	she	was	transferred	to	a	rehabilitation	facility	without	any	changes
in	 her	 medication	 order.	 Two	 days	 later,	 atrial	 fibrillation	 recurred.	 Oral
anticoagulation	and	amiodarone	were	indicated.

QUESTION	1

Explain	why	amiodarone	was	 selected	 for	 the	 treatment	of	DK	and	specify	 the
proper	dosing	regimen.

Answer:
DK’s	atrial	fibrillation	is	considered	recurrent	with	a	history	of	coronary	artery
disease	(CAD).	The	2011	update	from	the	American	College	of	Cardiology	and
American	Heart	Association	on	the	management	of	AF	recommends	restoration
of	 normal	 sinus	 rhythm	 (NSR).19	 Pharmacological	 cardioversion	 with
amiodarone	or	dofetilide	is	recommended	for	restoration	of	NSR	in	patients	with
CAD	or	 underlying	 structural	 heart	 disease.	Dofetilide	 needs	 to	 be	 initiated	 in
the	 hospital	 after	 administration	 of	 AV	 node	 blocking	 drugs	 to	 avoid	 a
paradoxical	 increase	of	 the	ventricular	response.	Because	DK	has	been	already
discharged,	 amiodarone	 is	 the	 best	 choice	 for	 pharmacological	 cardioversion.
According	to	the	aforementioned	2011	consensus	guidelines,	 the	recommended
amiodarone	dose	for	the	conversion	to	NSR	is	400	mg	BID	until	a	10	gm	total
dose	is	achieved,	followed	by	a	200	mg/day	maintenance	dose.

A	dosing	regimen	can	be	calculated	as	follows:



Because	 the	 dosing	 calls	 for	 administering	 amiodarone	 twice	 daily	 in	 this
patient,	therapy	should	continue	for	12.5	days	(i.e.,	25/2).	Therefore,	a	potential
regimen	 for	 this	 patient	would	be	 amiodarone	400	mg	BID	 for	12.5	days	 as	 a
loading	regimen	followed	by	a	maintenance	regimen	of	200	mg	daily.

QUESTION	2

Two	 weeks	 following	 the	 initiation	 of	 amiodarone,	 DK	 complained	 of
generalized	 muscle	 weakness	 and	 severe	 muscle	 pain	 preventing	 her	 from
leaving	bed.
Laboratory	 results:	 INR	1.91,	LDH	820	U/L,	CK	17,923	U/L,	and	TSH	1.3

mU/L.	 What	 are	 the	 suspected	 causes	 of	 DK’s	 myopathy	 and	 what	 do	 you
recommend	to	manage	it?

Answer:
Several	 possible	 causes	 may	 explain	 the	 myopathy	 experienced	 by	 DK.
Hypothyroidism	 could	 be	 a	 possible	 cause	 of	 muscle	 weakness	 and	 pain;
however,	DK’s	lab	results	show	her	TSH	is	within	the	normal	range,	making	this
diagnosis	unlikely.	Another	 cause	of	myopathy	could	be	 related	 to	 simvastatin
therapy.	 Amiodarone	 is	 a	 known	 inhibitor	 of	 CYP3A4,	 and	 simvastatin	 is
predominantly	 metabolized	 by	 CYP3A4.	 Concomitant	 administration	 of	 both
drugs	 may	 result	 in	 reduced	 simvastatin	 elimination;	 hence,	 elevated	 plasma
concentrations	of	simvastatin	may	be	precipitating	myopathy.	This	adverse	event
may	be	reversible	upon	discontinuation	of	simvastatin.	An	alternative	option	for
DK	would	 be	 to	 switch	 to	 another	HMG-CoA	 reductase	 inhibitor,	 pravastatin,
which	is	not	metabolized	by	the	cytochrome	P450	enzymatic	system.

CASE	5:	AMIODARONE	IN	ACLS
DM	 is	 a	 68-year-old	 man	 (body	 weight	 =	 83	 kg)	 with	 a	 history	 of	 coronary
artery	 disease,	 congestive	 heart	 failure	 (EF	 15%),	 type	 II	 diabetes	 mellitus,
hypertension,	and	hyperlipidemia,	who	presented	 to	 the	emergency	department
with	 chest	 pain	 and	 dyspnea.	 Upon	 presentation,	 the	 patient	 was	 hypotensive
and	 diaphoretic.	 Soon	 after	 arrival	 the	 patient	 suddenly	 became	 unresponsive
and	pulseless.	CPR	was	 initiated	and	a	code	was	activated.	The	 initial	 rhythm
showed	ventricular	fibrillation	(VF).	The	patient	was	defibrillated	at	200	J	and
CPR	was	 resumed.	After	 2	minutes	 of	CPR	 the	 patient	was	 still	 pulseless	 and



ventricular	fibrillation	persisted.	The	patient	was	then	defibrillated	again	at	200
J,	CPR	was	resumed,	and	epinephrine	1	mg	IV	push	was	administered.	After	an
additional	 two	minutes	of	CPR	 the	patient	 remained	 in	ventricular	 fibrillation.
As	 the	 code	 team	 prepared	 to	 defibrillate	 the	 patient	 for	 a	 third	 time,	 the
physician	leading	the	resuscitative	effort	requested	antiarrhythmic	therapy	with
amiodarone.

QUESTION	1

What	 initial	dose	would	you	recommend	and	when	would	you	expect	 to	see	an
effect	of	amiodarone	administration?

Answer:
The	 2010	 American	 Heart	 Association	 Guidelines	 for	 Cardiopulmonary
Resuscitation	and	Emergency	Cardiovascular	Care	recommend	amiodarone	300
mg	IV	or	intraosseus	(IO)	first	line	for	treatment	of	VF	or	pulseless	ventricular
tachycardia	 (VT)	 unresponsive	 to	 defibrillation,	 CPR,	 and	 a	 vasopressor.62
Although	amiodarone	administered	orally	may	have	an	onset	of	action	up	 to	2
days	to	3	weeks,	the	onset	is	much	more	rapid	following	IV	administration.	The
rapid	response	following	IV	administration	may	be	a	result	of	enhanced	delivery
to	 the	 site	 of	 action	with	 increased	 plasma	 concentrations	 and	 hence	 exposing
cardiac	tissue	to	greater	amiodarone	concentrations.	Given	the	variability	in	the
bioavailability	 of	 amiodarone,	 IV	 administration	 should	 be	 considered	 in	 life-
threatening	 scenarios.	Therefore,	 even	 though	 amiodarone	 has	 extensive	 tissue
distribution	and	a	long	time	to	reach	steady	state,	IV	administration	is	effective
for	the	treatment	of	patients	with	life-threatening	ventricular	arrhythmias.

QUESTION	2

Following	300	mg	of	 IV	amiodarone	administration,	DM	is	defibrillated	again
and	 CPR	 continues;	 however,	 ventricular	 fibrillation	 persists.	 Would	 it	 be
appropriate	to	administer	a	second	dose	of	amiodarone	at	this	time	and,	if	so,	at
what	dose?

Answer:



It	 is	not	uncommon	to	need	to	administer	a	repeated	dose	of	amiodarone	when
ventricular	 fibrillation	 persists	 especially	 in	 overweight	 or	 obese	 patients.	 The
larger	 volume	 of	 distribution	 in	 these	 patients	 would	 result	 in	 lower
concentrations	of	amiodarone	immediately	achieving	the	target	tissue	and	hence
potentially	 decreasing	 efficacy	 at	 arrhythmia	 suppression.	 It	 has	 been	 reported
that	amiodarone	dosed	at	5	mg/kg	is	superior	to	lidocaine	in	patients	with	shock-
resistant	 ventricular	 fibrillation	 followed	 by	 a	 repeat	 dose	 of	 2.5	 mg/kg	 if
needed.5	 Using	 the	 initial	 dose	 of	 300	 mg	 IV	 as	 the	 guidelines	 recommend
would	only	provide	5	mg/kg	for	patients	with	a	body	weight	of	60	kg	or	less	(5
mg/kg	 ×	 60	 kg	 =	 300	 mg).	 Indeed,	 the	 2010	 American	 Heart	 Association
Guidelines	 for	 Cardiopulmonary	 Resuscitation	 and	 Emergency	 Cardiovascular
Care	 recommend	 a	 second	 dose	 of	 amiodarone	 150	 mg	 IV/IO	 if	 ventricular
fibrillation	 persists	 after	 further	 defibrillation.62	 Therefore,	 it	 would	 be
appropriate	to	redose	amiodarone	in	this	patient	at	the	recommended	dose	of	150
mg	IV/IO.

HOMEWORK	QUESTIONS

QUESTION	1
A	 patient	 with	 bradycardia	 has	 an	 amiodarone	 concentration	 of	 3.2	 mg/L	 at
steady	state	following	a	regimen	of	400	mg	daily.	Estimate	a	dosing	regimen	to
maintain	 a	 steady-state	 concentration	 of	 2.0	 mg/L	 while	 assuming	 50	 percent
bioavailability	for	amiodarone.

Answer:



The	recommended	dose	would	be	200	mg	daily.

QUESTION	2

A	loading	dose	of	amiodarone	was	administered	to	a	patient	(weight	=	70	kg)	as
a	150	mg	intravenous	(IV)	bolus.	Estimate	the	amiodarone	plasma	concentration
3	 hours	 after	 administration	 of	 the	 bolus	 dose	 assuming	 amiodarone’s	 Vd	 is
equal	to	100	L/kg	and	the	half-life	is	45	days	in	this	patient.

Answer:



Ke	can	be	estimated	from	the	half-life	using	the	following	equation:

and	converted	to	hours	by

The	amiodarone	plasma	concentration	after	3	hours	is	0.021	mg/L.

QUESTION	3

A	 loading	 dose	 of	 amiodarone	 was	 administered	 to	 a	 patient	 and	 a	 serum
amiodarone	concentration	of	0.05	mg/L	was	achieved.	An	amiodarone	infusion



was	 started	 at	 1	 mg/min	 for	 eight	 hours.	 Estimate	 the	 amiodarone	 plasma
concentration	 following	 the	 8-hour	 infusion	of	 amiodarone	assuming	 the	Vd	 is
equal	to	10,000	L	and	the	half-life	is	45	days	for	amiodarone	in	this	patient.

Answer:
To	calculate	the	portion	of	Cp	that	is	attributed	to	the	IV	infusion	for	8	hours,	the
following	equation	can	be	used:

where	R0	is	the	infusion	rate	constant	(i.e.,	1	mg/min	for	the	first	6	hours).	The
infusion	rate	R0	(1	mg/min)	is	equivalent	to	60	mg/h.

Amount	 remaining	 from	 bolus	 can	 be	 calculated	 using	 the	 following
equation:

Given	this	information	the	Cp	after	8	hours	can	be	estimated:

The	estimated	plasma	concentration	is	0.097	mg/L.
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INTRODUCTION

The	 aminoglycoside	 class	 of	 antibiotics	 represents	 the	 class	 of	 drugs	 whose
pharmacokinetics	has	been	studied	more	extensively	than	any	other.	Remarkably
resilient,	 these	 antibiotics	 continue	 to	 provide	 valuable	 weapons	 in	 the	 fight
against	 infectious	 disease.	 Yet	 their	 well-known	 toxicities	 prevent	 their	 more
frequent	 use.	 Clinical	 pharmacists	 are	 expected	 to	 serve	 as	 experts	 on	 the
pharmacokinetic	 dosing	 of	 these	 drugs,	 and	 yet	 complex	 issues	 still	 lead	 to
misunderstandings	in	their	optimal	use.	In	this	chapter,	several	aspects	of	dosing
will	be	presented:

•			Extended	interval	dosing	versus	conventional	dosing
•			Traditional	dosing	and	peak	optimization
•			Aminoglycoside	ADRs	related	to	trough	concentrations
•			Aminoglycoside	dosing	in	acute	renal	failure
•			Rounding	serum	creatinine	in	the	elderly



•			Aminoglycoside	dosing	in	the	obese	patient
•			Aminoglycosides	used	in	the	treatment	of	gram-positive	endocarditis
•			Aminoglycosides	pharmacokinetics	in	pediatrics	patients	with	cystic
fibrosis

EXTENDED-INTERVAL	DOSING	VERSUS
CONVENTIONAL	DOSING

CASE	1
TJ	 is	a	25-year-old	male	 transferred	 from	an	outside	hospital	after	walking	 in
front	of	a	moving	city	snowplow.	X-rays	 taken	at	 the	outside	hospital	show	left
open	 pelvic	 fracture	 and	 a	 right	 open	 tibula/fibula	 fracture.	He	was	 intubated
prior	to	arrival	for	combativeness	and	airway	protection.	Medications	received
prior	 to	 arrival	 include	 cefazolin	 1gm	 via	 intravenous	 piggyback	 (IVPB)	 and
fentanyl	 150	 mcg	 slow	 IV	 push.	 The	 orthopedics	 team	 is	 consulted	 in	 the
emergency	department	and	wants	to	add	gentamicin	for	additional	coverage	of
the	open	fracture.

What	is	your	recommendation	for	starting	gentamicin?
The	 first	 step	 to	 approaching	 an	 aminoglycoside	 patient	 is	 to	 calculate	 the

weight	 to	be	used	for	dosing.	Convert	 the	patient’s	actual	body	weight	 (ABW)
from	pounds	(lb)	to	kilograms	(kg)	and	determine	the	ideal	body	weight	(IBW).



Utilization	 of	 a	 calculated	 dosing	weight	may	 be	 necessary	 if	 the	 actual	 body
weight	is	greater	than	20	percent	of	the	ideal	body	weight.	This	concept	will	be
discussed	in	detail	in	another	section.

Because	ABW	<1.2(IBW),	actual	body	weight	will	be	used.
The	next	step	is	to	determine	the	patient’s	renal	function,	which	is	most	often

done	 by	 estimating	 their	 creatinine	 clearance	 (CrCl),	 utilizing	 the	 Cockcroft-
Gault	equation.1	Estimating	CrCl	will	assist	in	determining	whether	the	patient	is
a	 candidate	 for	 extended	 interval	 dosing	 versus	 conventional	 dosing	 and	 for
selecting	the	appropriate	dosing	schedule.

Once	 the	 determination	 to	 use	 an	 aminoglycoside	 has	 been	 made,	 the
pharmacist	can	assist	with	the	selection	of	the	regimen.

Three	 common	 methods	 are	 used	 in	 designing	 an	 effective	 and	 safe
aminoglycoside	regimen:	conventional	or	traditional	dosing	(CD),	individualized
dosing,	 and	 extended	 interval	 dosing	 (EID).	 Conventional	 dosing	 involves
giving	 the	 total	 daily	 dose	 of	 the	 aminoglycoside	 divided	 throughout	 the	 day,
typically	 every	8	 to	12	hours	 in	patients	with	good	 renal	 function.	Monitoring
includes	determination	of	peak	and	trough	serum	concentrations	at	steady	state,
which	 occurs	 after	 three	 to	 five	 half-lives	 of	 the	 drug.	Once	 serum	 levels	 are
available,	 the	 patient’s	 pharmacokinetic	 parameters	 can	 be	 calculated	 and
utilized	 for	 regimen	 adjustments.	 Individualized	 dosing	 determines	 patient-
specific	 pharmacokinetic	 parameters	 to	 achieve	 the	 desired	 peak	 and	 trough
concentrations.	 Similar	 to	 conventional	 dosing,	 this	method	 requires	 obtaining
steady-state	peak	and	trough	serum	concentrations.

EID	 is	 also	 referred	 to	 as	 once-daily	 dosing,	 high	 dose,	 or	 nontraditional



dosing.	 EID	 has	 become	 an	 accepted	 alternative	method	 for	 dosing,	 based	 on
favorable	 pharmacodynamic	 and	 pharmacokinetic	 features.	 It	 is	 recommended
that	EID	be	the	term	used,	 in	order	to	avoid	confusion	with	patients	with	renal
dysfunction	who	may	receive	conventional	dosing	on	a	once-daily	basis.	EID	is
becoming	 the	 preferred	 method	 at	 many	 institutions	 based	 on	 comparable
efficacy,	 potential	 reduction	 in	 toxicity,	 and	 decreased	 monitoring	 when
compared	with	other	dosing	methods.2

Aminoglycosides	 exhibit	 concentration-dependent	 bactericidal	 activity,
meaning	 the	 bactericidal	 activity	 increases	 as	 the	 concentration	 of
aminoglycoside	 increases.	 Utilization	 of	 EID	 maximizes	 the	 concentration-
dependent	killing	effect	of	aminoglycosides	by	providing	the	total	daily	dose	as
a	 single	 infusion.	 This	 approach	 produces	 an	 elevated	 peak	 and	 undetectable
trough	concentrations.3	 The	 significance	 of	 undetectable	 trough	 concentrations
will	be	discussed	 later.	For	antimicrobials	 that	 exhibit	 concentration-dependent
killing,	 a	 serum	 concentration	 10	 times	 the	minimum	 inhibitory	 concentration
(MIC)	 of	 the	 organism	 is	 necessary	 to	 achieve	 optimal	 bactericidal	 activity.3,4
For	example,	a	concentration	of	20	mcg/mL	is	necessary	for	an	organism	with	an
MIC	of	2.

As	 our	 knowledge	 of	 pharmacokinetic	 and	 pharmacodynamics	 of
aminoglycosides	has	grown,	so	has	the	acceptance	and	implementation	of	EID.
The	 recommended	 dosing	 for	 gentamicin	 and	 tobramycin	 is	 5–7	 mg/kg	 and
amikacin	 is	 15	 mg/kg.	 The	 landmark	 trial	 supporting	 the	 use	 of	 EID	 was
published	 by	Nicolau	 and	 colleagues.3	 The	 authors	 described	 their	 experience
utilizing	7	mg/kg	of	gentamicin/tobramycin	or	15	mg/kg	of	amikacin.	In	phase
one,	they	sought	to	determine	the	dose	necessary	to	achieve	a	peak	concentration
of	20	mcg/mL	(to	provide	10	times	an	MIC	of	2	for	Pseudomonas)	with	at	least
a	four-hour	drug-free	interval.	They	found	EID	to	be	clinically	as	effective	with
a	 lower	 incidence	 of	 nephrotoxicity	 as	 a	 historical	 group	 of	 patients	 receiving
traditional	 dosing.	 In	 addition,	 serum	 concentrations	 obtained	 during	 therapy
were	used	to	construct	a	nomogram	for	regimen	monitoring.3	(See	the	following
section	on	monitoring.)

Subsequent	 to	 Nicolau’s	 pivotal	 trial,	 additional	 studies	 utilizing	 5	 mg/kg
were	 conducted,5,6	 confirming	 similar	 results	 of	 comparative	 efficacy	 and
reduced	 toxicity	 when	 compared	 with	 conventional	 dosing.	 A	 separate
nomogram	for	assessing	the	regimen	should	be	utilized	when	the	lower	dose	is
selected.	A	common	mistake	when	using	the	5	mg/kg	EID	regimen	is	to	use	the
Nicolau	(or	“Hartford”)	nomogram	and	multiply	the	serum	levels	on	the	y-axis
by	5/7ths.	This	strategy	has	not	been	validated.	To	help	determine	which	dosing



scheme	 should	 be	 selected,	 Wallace	 and	 colleagues7	 compared	 four	 available
EID	 protocols.	 Based	 on	 patient-specific	 pharmacokinetic	 parameters,	 they
determined	 the	 peak	 and	 trough	 concentrations	 and	 dosing	 interval	 based	 on
each	protocol.	The	7	mg/kg	protocol	produced	peak	concentrations	closer	to	the
target	when	compared	with	the	5	mg/kg	protocols.	A	limitation	of	this	evaluation
is	 that	 it	was	 a	 simulation	 and	 therefore	 does	 not	 offer	 insight	 into	 clinical	 or
microbiologic	 efficacy	 or	 toxicity	 related	 to	 achieving	 higher	 peak
concentrations.7	 Knowing	 local	 resistance	 patterns	 and	 MIC	 of	 commonly
encountered	 organisms	 can	 assist	 in	 the	 selection	 of	 a	 dosing	 regimen.	 For
example,	 if	 the	 local	 strain	of	Pseudomonas	 has	 an	MIC	of	2,	 then	a	7	mg/kg
dose	 of	 gentamicin/tobramycin	 will	 be	 more	 appropriate,	 whereas	 a	 5	 mg/kg
dose	may	be	adequate	if	the	MIC	is	<1.	Based	on	the	limited	available	evidence,
7	mg/kg	 of	 gentamicin/tobramycin	 or	 15	mg/kg	 of	 amikacin	 is	 an	 appropriate
starting	dose	for	most	patients.

One	of	the	primary	benefits	of	EID	is	that	it	results	in	a	drug-free	interval.	For
several	hours	per	day,	the	serum	concentration	of	the	aminoglycoside	falls	well
below	 the	 MIC	 of	 the	 organism,	 but	 bactericidal	 activity	 continues.	 This
phenomenon	 of	 continued	 killing	 despite	 subtherapeutic	 concentrations	 is
referred	 to	 as	 the	 “postantibiotic	 effect”	 (PAE).8	 The	 duration	 of	 PAE	 for
conventional	 doses	 of	 aminoglycosides	 varies	 but	 is	 generally	 2–7	 hours
depending	on	the	organism,	based	on	animal	models.8	EID	potentially	increases
the	 duration	 of	 PAE	 because	 a	 higher	 single	 dose	 is	 administered.	 A	 trough
concentration	 that	 is	 undetectable	 is	 acceptable	 because	 of	 PAE.	 The	 typical
drug-free	interval	can	be	4–6	hours	for	an	aminoglycoside,	which	is	why	a	serum
concentration	 is	 obtained	 6–14	 hours	 after	 the	 dose	 for	monitoring.	The	 drug-
free	interval	decreases	the	amount	of	time	the	aminoglycoside	can	accumulate	in
renal	cortical	tissues,	thereby	potentially	reducing	the	risk	of	toxicity.

Adaptive	 resistance	 is	 the	 third	 pharmacodynamic	 characteristic	 exhibited
with	 EID	 that	 may	 offer	 benefit	 over	 CD.9	 The	 organism	 is	 exposed	 to	 the
antimicrobial	 and	 is	 initially	 susceptible	 to	 bactericidal	 action	 of	 the
aminoglycoside	 or	 other	 antimicrobial.	 As	 the	 antimicrobial	 concentration
decreases,	 the	 effectiveness	 of	 bactericidal	 action	 decreases	 due	 to	 a	 relative
resistance	of	a	subpopulation	of	the	organism	colony.	For	aminoglycosides,	the
administration	of	 a	 larger	 dose	 exhibits	more	 rapid	bactericidal	 activity.	 In	 the
following	 2–4	 hours,	 the	 organism	 starts	 to	 develop	 relative	 resistance	 to	 the
aminoglycoside.	 Over	 the	 next	 8–12	 hours,	 bacterial	 susceptibility	 gradually
returns	to	baseline.	By	24	hours	postdose,	the	majority	of	bacterial	susceptibility
is	reestablished.	With	EID,	the	next	dose	of	aminoglycoside	would	be	due	when



minimal	to	no	resistance	is	present.	Subsequent	doses	with	conventional	dosing
regimen	will	 be	 scheduled	 during	 the	 8–12-hour	 period	when	 the	 bacteria	 are
resistant	 or	 minimally	 susceptible,	 therefore	 not	 providing	 maximal	 bacterial
killing.9	 The	 concept	 of	 adaptive	 resistance	 has	 been	 assessed	 in	 vitro	 and	 in
vivo	 animal	 studies.	 However,	 human	 studies	 are	 lacking.	 The	 concept	 of
adaptive	resistance	appears	to	be	a	favorable	component	in	the	effectiveness	of
EID.

The	overall	effectiveness	of	extended	interval	aminoglycoside	dosing	is	likely
due	 to	 the	combination	of	maximizing	 the	concentration-dependent	killing,	 the
postantibiotic	 effect,	 and	 adaptive	 resistance.4	 By	 achieving	 higher	 peak
concentrations	 for	 rapid	 bactericidal	 activity	 followed	 by	 a	 drug-free	 interval
with	 continued	 bactericidal	 activity	 during	 which	 some	 of	 the	 bacteria	 are
exhibiting	temporary	resistance	to	the	aminoglycoside	all	may	play	a	role	in	the
clinical	effectiveness	as	well	as	potentially	reducing	the	incidence	of	toxicity.

Aminoglycosides	are	often	overlooked	as	an	antimicrobial	option	because	of
the	 associated	 toxicities:	 nephrotoxicity	 and	 otovestibular	 toxicity.
Nephrotoxicity	occurs	when	the	aminoglycoside	accumulates	within	the	cortical
tissues	of	the	proximal	tubule.	The	result	is	cell	lysis	and	resultant	presentation
of	initial	nonoliguric	renal	failure	that	can	progress	to	oliguric	renal	failure.	For
most	 patients,	 this	 toxicity	 is	 reversible.2,4	 Nephrotoxicity	 is	 often	 associated
with	 elevated	 trough	 concentrations	 in	 patients	 receiving	 conventional	 dosing
regimens	when	the	drug	is	allowed	to	accumulate.	EID	is	thought	to	decrease	the
incidence	of	nephrotoxicity	due	to	the	drug-free	interval,	thereby	decreasing	the
amount	 of	 time	 the	 kidney	 is	 exposed	 to	 the	 drug.	 Nicolau	 and	 Colleagues3
found	a	prevalence	of	nephrotoxicity	of	1.2	percent,	defined	as	an	elevation	 in
SCr	of	0.5	mg/dL	or	greater.	This	level	was	lower	than	their	previous	experience
of	3–5	percent	occurrence	with	multiple	daily	dosing.	A	meta-analysis	found	an
absolute	 risk	 reduction	 of	 0.6	 percent	 when	 using	 EID,	 compared	 with
conventional	dosing,	although	this	finding	was	not	statistically	significant.5	The
current	 evidence	 is	 inconsistent	 with	 the	 definition	 and	 reporting	 of
aminoglycoside-induced	 nephrotoxicity.	 Based	 on	 the	 available	 literature,	 an
increased	risk	of	nephrotoxicity	is	not	apparent	and	potentially	a	decreased	risk
was	noted	with	EID.

The	occurrence	of	otovestibular	 toxicity	has	not	been	extensively	studied	 in
patients	receiving	EID.	In	the	limited	number	of	trials	using	objective	evaluation
of	otovestibular	function,	EID	did	not	result	in	an	increased	incidence	of	toxicity
when	compared	with	conventional	dosing	regimens.5,6	Similar	to	nephrotoxicity,
otovestibular	 toxicity	 is	 likely	 the	result	of	prolonged	exposure	of	 the	 tissue	 to



the	 aminoglycoside.	 Extended	 interval	 dosing	 allows	 for	 a	 drug-free	 period	 to
reduce	potential	accumulation.

Once	 the	 dose	 has	 been	 determined,	 the	 dosing	 interval	 for	 EID	 can	 be
selected.	The	 interval	 is	based	on	 the	patient’s	current	 renal	 function,	which	 is
based	on	the	Cockcroft-Gault	equation	for	CrCl,	calculated	in	Step	2.	Although
many	 institutions	 have	 implemented	 laboratory	 reporting	 of	 a	modification	 of
diet	 in	 renal	 disease	 (MDRD)	 equation	 as	 an	 estimate	 of	 GFR	 for	 staging	 of
kidney	disease,	its	application	for	determining	aminoglycoside	clearance	has	not
been	fully	evaluated.	Table	2-1	can	be	utilized	in	determining	the	dosing	interval
for	the	patient’s	aminoglycoside	regimen.3

TABLE	2-
1 Dosing	Interval	Determination3

It	should	be	noted	that	EID	may	not	be	appropriate	for	all	patients,	including
those	with	increased	clearance	(e.g.,	burns	involving	>20%	of	the	patient’s	body
surface	 area,	 cystic	 fibrosis,	 pregnancy)	 or	 with	 variable	 pharmacokinetic
parameters	 (i.e.,	 pregnancy,	 neonates	 and	 pediatrics,	 ascites,	 hemodialysis).
Patients	with	such	contraindications	to	EID	should	be	considered	for	alternative
dosing	strategies.

Because	CrCl	was	estimated	as	greater	than	100	mL/min,	the	dosing	interval



is	every	24	hours.

Final	recommendations:	575	mg	every	24	hours.

The	final	step	involves	monitoring	the	selected	aminoglycoside	regimen.	One
advantage	 of	 using	 aminoglycosides	 is	 the	 ability	 to	 obtain	 serum
concentrations,	 calculate	 patient-specific	 pharmacokinetic	 parameters	 to	 adjust
the	 regimen,	 and	 thereby	 potentially	 optimize	 efficacy	 and	 avoid	 toxicity.
Conventional	dosing	regimens	require	the	assessment	of	peak	and	trough	serum
concentrations,	 ideally	 once	 the	 patient	 has	 achieved	 steady	 state.	With	 these
measured	 values,	 the	 elimination	 rate	 constant,	 half-life,	 and	 volume	 of
distribution	can	be	calculated,	and	a	new,	patient-specific	dosage	regimen	can	be
determined	 to	 achieve	 the	 desired	 concentrations,	 if	 the	 current	 regimen	 does
not.	This	process	can	be	time-consuming	and	tedious,	especially	when	the	peak
and/or	trough	concentrations	are	not	obtained	at	the	scheduled	times	(e.g.,	when
a	patient	is	unavailable	for	blood	draws	due	to	the	need	to	go	to	another	area	for
therapy	 or	 diagnostic	 imaging).	 With	 EID,	 evaluation	 of	 just	 a	 single	 serum
concentration	 after	 the	 first	 dose	 is	 all	 that	 is	 necessary	 to	 determine	 regimen
appropriateness.	The	nomogram	by	Nicolau	and	Colleagues3	(Figure	2-1)	allows
for	 determination	 of	 regimen	 appropriateness	 based	 on	 single	 serum
concentration.	(As	stated	previously,	if	a	5	mg/kg	regimen	is	selected,	a	separate
nomogram	should	be	utilized	for	monitoring.	See	Figure	2-2.)5	When	the	serum
concentration	obtained	6–14	hours	after	the	dose	is	administered	falls	below	the
designated	 interval	 line,	 the	 regimen	 should	 be	 continued.	 If	 the	 level	 moves
above	 the	 current	 dosing	 interval	 line,	 the	 interval	 should	 be	 extended.	 These
same	 principles	 apply	 to	 amikacin	 (Figure	 2-3).	 If	 the	 serum	 concentration
cannot	 be	 plotted	 on	 the	 nomogram,	 clinical	 judgment	 should	 be	 used	 to
determine	an	appropriate	regimen,	and	is	beyond	the	scope	of	this	section.



FIGURE	2-1.	ODA	nomogram	 for	gentamicin	 and	 tobramycin	 at	 7	mg/kg.	Reproduced	with	permission
from	Nicolau	DP,	Freeman	CD,	Belliveau	PP,	Nightingale	CH,	Ross	JW,	Quintiliani	R.	Experience	with	a
once-daily	 aminoglycoside	 program	 administered	 to	 2,184	 adult	 patients.	Antimicrob	 Agents	 Chemother.
1995;39(3):650–655.



FIGURE	2-2.	 Extended-interval	 aminoglycoside	 nomogram	 for	 gentamicin	 and	 tobramycin	 at	 5	mg/kg.
Reproduced	 with	 permission	 from	 Bailey	 TC,	 Little	 JR,	 Littenberg	 B,	 Reichley	 RM,	 Dunagan	WC.	 A
metaanalysis	of	extended-interval	dosing	versus	multiple	daily	dosing	of	aminoglycosides.	Clin	Infect	Dis.
1997;24:786–795.



FIGURE	2-3.	Extended-interval	 aminoglycoside	nomogram	 for	 amikacin	 at	 15	mg/kg.	Reproduced	with
permission	 from	 Bailey	 TC,	 Little	 JR,	 Littenberg	 B,	 Reichley	 RM,	 Dunagan	 WC.	 A	 metaanalysis	 of
extended-interval	 dosing	versus	multiple	 daily	 dosing	of	 aminoglycosides.	Clin	Infect	Dis.	 1997;24:786–
795.

Lastly,	 the	 operational	 attributes	 of	 EID	 include	 decreased	 time	 spent	 by
nursing,	 pharmacy,	 and	 laboratory	 personnel	 on	 administration	 of	 doses	 and
obtaining	 and	 evaluating	 serum	 aminoglycoside	 concentrations.	 A	 decrease	 in
cost	of	therapy	is	related	to	intravenous	tubing,	infusion	pumps,	and	laboratory
samples	as	well.

CASE	2
KT	is	a	30-year-old	male	who	fell	20	feet	at	a	construction	site	with	no	loss	of
consciousness.	He	 is	 brought	 into	 the	 emergency	 department	 by	EMS	with	 his
right	leg	splinted	for	an	open	fracture	of	his	tibia	and	fibula.	He	also	complains



of	right	arm	pain,	with	no	obvious	deformity.	He	is	currently	able	to	protect	his
airway.
Orthopedics	 is	 evaluating	 the	 patient	 and	 requests	 1gm	 of	 cefazolin	 and

gentamicin	per	pharmacy.

QUESTIONS

1.	What	are	your	initial	recommendations	for	starting	gentamicin?
2.	If	the	10-hour	gentamicin	level	was	4.8,	what	would	be	your
recommendation?

3.	What	would	be	your	recommendation	if	an	8-hour	level	was	8.1?

Answers:
1.	Calculate	dosing	weight.

165	lbs/2.2	=	75	kg
IBW	=	50	+	(2.3	×	7)	=	66.1	kg

Calculate	CrCl.

Calculate	gentamicin	dose	and	determine	interval.

7	mg/kg	×	75	kg	=	525	mg

Because	CrCl	is	greater	than	100	mL/min,	a	24-hour	dosing	interval
will	be	used.

Recommend	serum	gentamicin	level	be	obtained	6–14	hours	after	the
dose	is	administered.

2.	The	10-hour	gentamicin	level	is	4.8.	Maintain	continue	current	regimen	of



525	mg	every	24	hours	(see	Figure	2-1).
3.	Extend	the	interval	and	change	regimen	to	525	mg	every	36	hours.	Also
recommend	obtaining	a	gentamicin	level	6–14	hours	after	the	regimen
change.

TRADITIONAL	DOSING	AND	PEAK
OPTIMIZATION

CASE	1
LH,	a	79-year-old	female	with	a	medical	history	significant	for	congestive	heart
failure,	 hypothyroidism,	 and	 hypercholesterolemia,	 presents	 to	 the	 emergency
department	 from	 a	 nursing	 home	with	 cough,	 shortness	 of	 breath,	 and	 altered
mental	 status.	 She	 was	 admitted	 to	 the	 ICU	 with	 a	 diagnosis	 of	 bilateral
pneumonia.	Admission	data	include	the	following:

Height:	62	in
Weight	52	kg
SCr	1.4	mg/dL
WBC	18,000/mm3	with	85%	neutrophils
Temperature	of	101°	F.

Sputum	gram	stain	showed	gram-negative	rods.	Cefepime	and	tobramycin	are
ordered	 for	 empiric	 coverage	 of	 health	 care–associated	 pneumonia.	 You	 are
consulted	to	do	maintenance	dosing	of	 tobramycin	using	traditional	dosing	due
to	the	patient’s	age	and	renal	function.

Desired	Aminoglycoside	Plasma	Concentrations
The	microbiologic	activity	of	aminoglycosides	is	pH-dependent.	Due	to	the	low
pH	 in	 the	 lung	 and	 bronchial	 secretions,	 especially	 in	 the	 presence	 of
pneumonia,10	 the	 antimicrobial	 effectiveness	 of	 aminoglycosides	 may	 be
reduced.	 The	 MICs	 of	 most	 gram-negative	 bacteria	 are	 usually	 less	 than	 2
mcg/mL	 for	 gentamicin	 and	 tobramycin	 and	 8	 mcg/mL	 for	 amikacin.
Aminoglycosides	 eradicate	 bacteria	 optimally	 when	 they	 achieve	 a	 peak/MIC
ratio	 of	 at	 least	 8	 to	 10	 times	 greater	 than	 the	 MIC.3,4,11	 Whereas	 peak



concentrations	of	5–7	mcg/mL	may	be	adequate	for	other	 infections,	 for	gram-
negative	pneumonia	or	in	patients	who	are	critically	ill	due	to	a	life-threatening
gram-negative	 infection,	 peak	 concentrations	 of	 8–10	 mcg/mL	 should	 be
targeted	 with	 traditional	 dosing.12	 Because	 the	 patient	 is	 elderly,	 she	 is	 at
increased	 risk	 of	 aminoglycoside-induced	 nephrotoxicity.13,14	 Therefore,	 the
trough	 level	 should	 be	 maintained	 at	 less	 than	 or	 equal	 to	 1	 mcg/mL.	 The
relationship	between	aminoglycoside	 trough	concentrations	and	adverse	effects
is	discussed	in	the	next	section.

To	solve	this	case,	the	following	steps	need	to	be	taken:

1.	Determine	the	CrCl.
2.	Calculate	population	estimates	for	volume	of	distribution	(Vd)	and
elimination	rate	constant	(Ke).

3.	Calculate	the	dosing	interval,	τ.
4.	Determine	maintenance	dose	(infusion	time	(t)	will	be	assumed	to	be	1
hour),	optimizing	peak	concentrations	(Cmax	desired	=	9	mcg/mL)	while
keeping	the	trough	below	1	mcg/ml	(Cmin	desired	=	1	mcg/mL).

5.	Calculate	a	loading	dose.
6.	Determine	when	to	order	peak	and	trough	levels	based	on	calculated	half-
life.

Step	1:	Calculate	CrCl.
Start	by	calculating	the	IBW	for	LH,	in	order	to	determine	her	CrCl.

Her	IBW	is	less	than	actual	body	weight	of	52	kg,	and	she	does	not	weigh	20
percent	over	her	IBW.	Thus,	IBW	can	be	used	for	the	CrCl	calculation.



Step	2:	Calculate	population	pharmacokinetic	variables.
To	calculate	an	initial	maintenance	dose	and	dosing	interval	for	LH,	population
estimate	equations	for	Ke1	and	Vd15	need	to	be	used:

Ke	=	0.00293	(CrCl)	+	0.014	=	0.00293	(26)	+	0.014	=	0.090	hr–1
Vd	=	0.24	L/kg	(IBW)	=	0.24	×	50	kg	=	12	L

Note:	 Because	 the	 clearance	 of	 aminoglycosides	 approximates	 CrCl,16	 some
experts	 recommend	using	CrCl	 as	 the	 clearance	of	 aminoglycosides	 and	using
the	equation	Cl	=	ke	×	Vd	to	calculate	Ke.

Step	3:	Calculate	dosing	interval.

To	 obtain	 the	 desired	 peak	 of	 9	 and	 trough	 of	 1,	 a	 dosing	 interval	 of	 25.4
hours	was	calculated,	which	can	be	rounded	to	24	hours.

Step	4:	Calculate	maintenance	dose	(MD).
Next,	 the	maintenance	 dose	must	 be	 determined	 to	 be	 given	 at	 an	 interval	 of
every	24	hours.



Our	maintenance	dose	for	LH	would	be	100	mg	tobramycin	IV	q24h.

Step	5:	Calculate	loading	dose	(LD).
Because	LH	has	renal	dysfunction,	subtherapeutic	concentrations	may	exists	for
1–2	days	of	therapy	until	she	reaches	steady-state	concentrations.	Time	to	steady
state	cannot	be	shortened	by	giving	a	loading	dose	infusion;	however,	a	loading
dose	 can	 produce	 a	 plasma	 level	 that	 may	 approximate	 the	 steady-state
concentration	earlier	in	treatment.

The	dose	for	aminoglycosides	is	generally	rounded	to	the	nearest	10	or	20	mg
in	practice.	The	loading	dose	of	tobramycin	for	LH	should	be	110	mg	given	over
1	hour.

Step	6:	Therapeutic	drug	monitoring.
With	 traditional	 aminoglycoside	dosing,	peak	and	 trough	 serum	concentrations
need	to	be	monitored	in	order	to	assure	optimal	dosing	and	to	minimize	the	risk
of	 toxicity	 (i.e.,	 nephrotoxicity,	 ototoxicity).17,18	 Once	 steady-state	 conditions
have	been	achieved,	a	trough	level	within	30	minutes	prior	to	the	next	dose	and	a
peak	 level	 timed	 to	 be	 drawn	 30	minutes	 after	 the	 end	 of	 the	 infusion	 of	 the
following	dose	need	to	ordered.	(A	peak	level	measured	at	least	30	minutes	after
the	end	of	the	infusion	will	avoid	the	distributive	phase	of	tobramycin,	thereby
preventing	 an	 inaccurate	 level.)19,20	 As	 noted	 previously,	 goal	 peak
concentrations	for	pneumonia	are	8–10	mcg/mL	for	gentamicin	or	tobramycin.



Calculate	t½	(half-life)	=	0.693/Ke	=	0.693/0.090	=	7.7	hours

Three	 half-lives	 (87.5%	 of	 steady	 state)	 will	 be	 reached	 at	 23.1	 hours,	 so
steady-state	 concentrations	 should	 almost	 be	 obtained	 by	 the	 second	 dose.	 A
trough	 concentration	 can	 be	 obtained	 then	 for	 close	 monitoring	 due	 to	 the
patient’s	 critical	 status	 and	 poor	 renal	 function.	 A	 peak	 will	 be	 obtained
immediately	 following	 the	 dose	 to	 make	 sure	 it	 is	 adequate	 for	 maximum
bactericidal	activity.

CASE	2
DT	 is	 a	 32-year-old	 male	 who	 comes	 into	 the	 emergency	 department	 with
coughing	and	productive	sputum.	He	admits	 to	drinking	alcohol	daily	and	was
admitted	 two	 weeks	 ago	 with	 a	 five-day	 stay	 in	 the	 ICU	 for	 severe	 alcohol
withdrawal	symptoms.	Admission	data	include	the	following:

Height:	74	in
Weight:	80	kg
BUN	12	mg/dL
SCr	0.7	mg/dL
Oral	temp	101.5°	F
WBC	16,000/mm3	and	infiltrate	is	seen	in	left	lower	lobe	on	chest	X-ray.

DT	 is	diagnosed	with	pneumonia	and	 started	on	piperacillin/tazobactam	4.5
grams	q6h	and	gentamicin	140	mg	 load.	Physician	 requests	consult.	What	will
DT’s	initial	maintenance	dose	be	to	obtain	a	peak	of	8	mcg/mL	and	trough	of	1
mcg/mL,	using	an	infusion	time	of	0.5	hours?

1.	Estimated	IBW.
2.	Estimated	CrCl.
3.	Estimate	the	elimination	rate	constant,	Ke.
4.	Estimate	T½.

5.	Estimate	Vd.
6.	Calculate	dosing	interval	(T).
7.	Calculate	a	maintenance	dose	(MD).
8.	Calculate	the	predicted	peak	and	trough	levels	at	steady	state.



9.	Provide	a	final	recommendation.

Answers:
1.	Estimated	IBW	=	50	kg	+	(2.3	×	14)	=	82.2	kg

Note:	Used	ABW	because	ABW	<IBW.
3.	Estimated	Ke	=	0.00293	(CrCl)	+	0.014	=	hr–1
4.	Estimated	T½	=	Ln(2)/Ke	=	hours

5.	Estimated	Vd:	BUN/SCr	=	17	(assume	normal	hydration)

Vd	=	0.24	L/kg	×	80	kg	=	19.2	liters

6.	Calculate	dosing	interval	(T):

7.	Maintenance	dose	(MD):

MD	=	[(Ke)	×	(Vd)	×	(ti)	×	(Cpeak	desired)	×	(1–e–kT)]	/	(1–e–kti)

8.	Calculated	predicted	peak	and	trough	at	steady	state.



Regimen	is	therefore	appropriate.
9.	Recommendation:	Give	gentamicin	140	mg	IVPB	q8h.	Infuse	over	30
minutes.	Estimated	Cpeak	=	8–8.5	mcg/mL.	Ctrough	~	1	mcg/mL.

AMINOGLYCOSIDE	ADRs	RELATED	TO
TROUGH	CONCENTRATIONS

CASE	1
CB	 is	 a	 59-year-old	 female	 who	 presents	 to	 the	 emergency	 room	 with	 chills,
fever,	 and	 cough.	Her	 past	medical	 history	 is	 significant	 for	 COPD,	 diabetes,
and	 hypertension.	 She	 was	 hospitalized	 for	 pneumonia	 two	 months	 ago.	 She
states	 that	 she	has	had	 increased	 shortness	of	breath	over	 the	past	 few	weeks.
She	visited	her	doctor	and	received	a	course	of	levofloxacin	two	weeks	prior	to
this	current	admission.	However,	she	only	took	five	days	of	her	antibiotic	course
because	she	began	to	feel	better.

Height:	62	in.
Weight:	111	kg
BP:	150/90
RR:	25
Temperature:	38°C
Allergies:	Penicillins	(reaction	–	anaphylaxis)
Labs:



WBC	18.2	(76%	segs)
SCr	2.2	mg/dL
BUN	37	mg/dL

Gram	 stain	 of	 sputum	 and	 bronchoalveolar	 lavage	 reveals	 gram-negative
rods.

CT	pulmonary	angiography	is	negative	for	pulmonary	embolism.
Given	 her	 recent	 (<90	 days	 prior	 to	 current	 admission)	 hospitalization	 and

antibiotic	 use,	 the	 concern	 is	 that	 CB	 is	 at	 risk	 for	 multidrug-resistant
pneumonia.	The	physician	wishes	 to	start	a	broad-spectrum	antibiotic	 regimen.
Given	 her	 poor	 renal	 function	 and	 her	 penicillin	 allergy	 history,	 you	 suggest
aztreonam,	 tobramycin,	 and	 linezolid.	 The	 team	 agrees,	 and	 you	 calculate	 a
tobramycin	dose	of	140	mg	IVPB	every	24	hours.	(You	are	unable	to	use	high-
dose	 [7	 mg/kg]	 extended-interval	 dosing	 due	 to	 the	 patient’s	 renal	 function.)
Four	days	later,	you	remind	the	team	that	tobramycin	levels	need	to	be	drawn	to
properly	 assess	 the	dose	 and	 risk	of	 toxicity.	The	 resident	 is	 reluctant	 to	order
levels,	 stating	 that	 the	 urine	 output	 has	 been	 adequate	 despite	 the	 IV	 fluids
having	been	stopped	two	days	ago.	You	persist,	and	he	orders	the	levels,	which
return	as	follows:

Tobramycin	trough	3.2	mg/L	Tobramycin	peak	7.9	mg/L	(SCr	now	2.9)

QUESTION	1

Which	of	 these	 levels,	 if	any,	are	most	concerning	and	may	 lead	 to	an	adverse
reaction?

a.	trough	level
b.	peak	level
c.	neither	trough	nor	peak	level
d.	both	trough	and	peak	level

QUESTION	2

Which	of	the	following	statements	is	false?
a.	Volume	depletion	may	increase	the	risk	of	nephrotoxicity	with



aminoglycosides.
b.	The	contrast	given	for	the	CT	four	days	ago	has	been	eliminated	and
therefore	cannot	be	correlated	to	the	increase	in	SCr	nor	the	risk	of
nephrotoxicity	in	this	patient.

c.	Typically	nephrotoxicity	seen	with	aminoglycosides	occurs	as	a	delayed
reaction	with	continued	therapy.

d.	The	presence	of	diabetes	or	hypotension	and	the	use	of	other	nephrotoxic
drugs	and	iodinated	contrast	are	all	considered	independent	risk	factors
for	the	development	of	aminoglycoside-associated	nephrotoxicity.

Discussion
Despite	 having	 been	 used	 since	 the	 1940s,	 aminoglycosides	 remain	 active
against	 a	 broad	 range	 of	 gram-negative	 pathogens	 and	 are	 therefore	 a	 viable
choice	 for	 the	 treatment	 of	 serious	 gram-negative	 systemic	 infections.	 Their
association	with	nephrotoxicity	and	ototoxicity	may	have	prevented	overuse	of
this	class	of	medications.21

Nephrotoxicity	 associated	 with	 aminoglycosides	 has	 been	 clinically
correlated	to	an	elevated	trough	level	concentration	(>2	mg/L),	but	more	recent
studies	show	that	the	overall	incidence	of	nephrotoxicity	is	highly	dependent	on
the	duration	of	therapy	(most	often	if	greater	than	or	equal	to	14	days).	Typically,
aminoglycoside	 nephrotoxicity	 presents	 without	 a	 decrease	 in	 urine	 output
(nonoliguric	 renal	 failure)	 and	with	 a	 slow	 rise	 in	SCr	 that	 develops	 after	 4–5
days	 of	 therapy.22,23	 Although	 the	 reported	 incidence	 of	 nephrotoxicity	 varies
substantially	 between	 studies,	 averaging	 6	 percent	 to	 10	 percent,	 the
nephrotoxicity	 rates	 do	 not	 vary	 significantly	 among	 the	 different
aminoglycosides.	 Most	 common	 risk	 factors	 that	 have	 been	 associated	 with
nephrotoxicity	 include	 duration	 of	 treatment,	 increasing	 age,	 compromised
baseline	 renal	 function,	 volume	 depletion,	 elevated	 peak	 and	 trough	 levels,
concurrent	 nephrotoxic	 drugs	 (e.g.,	 vancomycin,	 amphotericin,	 NSAIDs,
iodinated	 IV	 contrast,	 etc.),	 diabetes,	 and	 previous	 exposure	 to
aminoglycosides.22-24	In	this	patient	case,	the	peak	level	is	within	range	but	the
trough	is	elevated	(>2	mg/L).	The	patient	has	multiple	risk	factors	predisposing
her	 to	 acute	 kidney	 injury	 with	 tobramycin,	 including	 volume	 depletion,
diabetes,	and	recent	iodinated	contrast	exposure.

Aminoglycoside-associated	 nephrotoxicity	 results	 from	 renal	 cortical
accumulation	 resulting	 in	 proximal	 tubular	 cell	 necrosis.	Examination	 of	 urine
sediment	may	reveal	dark-brown,	fine,	or	granulated	casts	consistent	with	acute



tubular	necrosis	but	not	specific	for	aminoglycoside	renal	toxicity.	Although	SCr
levels	are	frequently	monitored	during	aminoglycoside	use,	an	elevation	of	SCr
is	more	likely	to	reflect	glomerular	damage	rather	than	tubular	damage.	In	most
clinical	 trials	of	aminoglycosides,	however,	nephrotoxicity	has	been	defined	by
an	elevation	of	SCr.	Periodic	monitoring	of	SCr	concentrations—as	well	as	peak
and	 trough	 drug	 levels—may	 alert	 the	 clinician	 to	 renal	 toxicity.	Treatment	 of
aminoglycoside-induced	 nephrotoxicity	 is	 supportive.	 The	 aminoglycoside	 and
any	other	nephrotoxic	agents	should	be	discontinued	while	maintaining	the	fluid
and	electrolyte	balance.21-24,25,26

Unlike	 nephrotoxicity,	 the	 vestibular	 and/or	 auditory	 ototoxicity	 caused	 by
aminoglycosides	 is	often	permanent.	Overt	otoxicity	occurs	 in	0.5	percent	 to	7
percent	of	patients	treated	with	aminoglycosides.27,28	Originally,	ototoxicity	was
thought	 to	 be	 the	 result	 of	 high	 peak	 serum	 concentrations	 that	 led	 to	 high
concentrations	 of	 the	 drug	 in	 the	 inner	 ear.	 Later	 studies	 concluded	 that
aminoglycoside	 accumulation	 in	 the	 ear	 is	 dose-dependent	 but
saturable.29,30,31,32	Recently,	 investigators	demonstrated	 that	audiometry	 testing
was	 significantly	 better	 than	 monitoring	 symptoms	 in	 identifying	 early
aminoglycoside	 auditory	 toxicity	 in	 patients	 prescribed	 aminoglycosides	 for
more	than	21	days.33

Factors	associated	with	otoxicity	include	increasing	age,	duration	of	therapy,
elevated	 peak	 and	 trough	 levels,	 concurrent	 ototoxic	 medications	 (e.g.,	 loop
diuretics,	 vancomycin),	 underlying	 disease	 states,	 and	 previous	 exposure	 to
aminoglycosides.33

Vestibulotoxicity	 is	difficult	 to	diagnose,	and	no	reliable	monitoring	process
is	available.	Recent	studies	 indicate	a	genetic	predisposition	 to	aminoglycoside
auditory	 ototoxicity	 due	 to	 a	 mutation	 of	 mitochondrial	 DNA.	 However,	 this
genetic	 component	 does	 not	 appear	 to	 influence	 aminoglycoside	 vestibular
ototoxicity.	 Gentamicin	 toxicity	 is	 the	 most	 common	 single	 known	 cause	 of
bilateral	vestibulopathy,	accounting	for	15–50	percent	of	all	cases.31,32,34

For	 gentamicin,	 tobramycin,	 and	 netilmicin,	 the	 risk	 of	 ototoxicity	 and
nephrotoxicity	is	increased	if	peak	levels	are	consistently	maintained	above	12–
14	mcg/mL	or	trough	levels	consistently	exceed	2	mcg/mL.	For	amikacin,	peak
levels	above	32–34	mcg/mL	or	trough	levels	greater	than	10	mcg/mL	have	been
associated	with	a	higher	risk	of	ototoxicity	and	nephrotoxicity.32,34,35

CASE	2



CP	is	a	67-year-old	male	with	HIV/AIDS	admitted	 to	 the	ICU	with	respiratory
failure.	 Other	 significant	 past	 medical	 history	 includes	 CHF	 for	 which	 the
patient	 takes	 furosemide	 40	mg	PO	b.i.d.	 at	 home.	Current	 antibiotic	 regimen
consists	of	trimethoprim/sulfamethoxazole	IV,	piperacillin/tazobactam	3.375	gm
IVPB	 q6h,	 and	 azithromycin	 500	 mg	 IV	 q24h.	 Sputum	 culture	 reveals	 4+
enterobacter	cloacae.	Based	on	the	culture,	the	physician	decides	to	discontinue
piperacillin/tazobactam	and	azithromycin,	and	start	 levofloxacin	750	mg	 IVPB
q24h	 and	 gentamicin.	 On	 admission,	 a	 chest	 x-ray	 (CXR)	 reveals	 bilateral
infiltrates	and	fluid	accumulation.

Height:	61	in
Weight:	140	lbs
BP:	125/70
RR:	23
Temp	39°C	NKDA
Labs:
WBC:	8.2	(66%	segs)
SCr:	1.0	mg/dL
BUN:	15	mg/dL
(CrCl	~	53	mL/min)

Due	to	fluid	overload,	the	patient’s	furosemide	is	changed	to	60	mg	IV	push
q12h.

QUESTION	3

How	many	risk	factors	for	aminoglycoside-induced	nephrotoxicity	does	CP	have
at	this	time?

Answer:
The	patient	 is	 elderly	 and	 is	 starting	 gentamicin	 concomitantly	with	 a	 diuretic
(furosemide).

AMINOGLYCOSIDE	DOSING	IN	ACUTE	RENAL



FAILURE

Aminoglycoside	dosing	in	patients	with	renal	failure	can	be	difficult.	Significant
changes	 in	 the	 pharmacokinetic	 profiles	 of	 these	 drugs	 and	 lack	 of	 consistent
data	 provide	 little	 guidance	 for	 the	 clinician.	 Because	 aminoglycosides	 are
excreted	largely	as	unchanged	drug	in	the	urine	(95%),	their	clearance	is	directly
proportional	to	the	patient’s	glomerular	filtration	rate	(GFR).16	The	elimination
half-life	 of	 aminoglycosides	 is	 approximately	 1.5–3	 hours	 in	 patients	 with
normal	 renal	 function,	but	 it	 is	 extended	 to	 as	 long	as	20–60	hours	 in	patients
with	 end-stage	 renal	 disease	 (ESRD).16,36,37	 Also,	 a	 slower	 tissue	 distribution
rate	 of	 aminoglycosides	 in	 patients	 with	 renal	 failure	 delays	 the	 time	 to	 peak
concentration.38	These	 factors	 in	 turn	may	significantly	affect	pharmacokinetic
calculations	 if	 not	 taken	 into	 account.	 For	 example,	 a	 falsely	 low	 volume	 of
distribution	 (Vd)	 may	 be	 calculated	 as	 a	 result	 of	 drawing	 peak	 serum
concentrations	 too	 soon	 (30–60	minutes	 after	 infusion	 end	 time).38,39	 Patients
with	ESRD	may	also	require	hemodialysis.	which	adds	to	the	variability	of	drug
clearance.	 Characteristic	 behaviors	 of	 aminoglycosides	 with	 concurrent
hemodialysis	 treatment	 have	 been	 determined	 to	 include	 increased	 elimination
and	 shortened	 half-lives	 during	 the	 actual	 session,	 a	 rebound	 phenomenon	 in
plasma	 serum	 concentrations	 immediately	 after	 the	 session	 has	 ended	 (plasma
rebound),	 and	 a	 delayed	 post-dose	 distribution.	 Aminoglycoside	 clearance	 is
determined	 by	 the	 type	 of	 dialyzer	 used,	 length	 and	 frequency	 of	 dialysis
sessions,	 blood	 flow	 rates,	 as	 well	 as	 other	 factors.38,39,40,41,42,43,44	 In	 fact,
reported	 differences	 in	 serum	 concentrations	 during	 plasma	 rebound	 and
postdistribution	 vary	 widely,	 especially	 when	 looking	 at	 different	 types	 of
dialysis	schedules,	such	as	intermittent	(IHD)	and	slow	daily	home	hemodialysis
(SDH).36,41	It	is	therefore	recommended	that	predialysis	levels	be	used	to	assess
the	need	for	supplemental	aminoglycoside	dosing.43	The	variability	observed	in
patients	 with	 renal	 failure	 in	 both	 Vd	 and	 clearance	 is	 too	 large	 to	 rely	 on	 a
standard	 dosing	 approach.	 Serum	 level	 monitoring	 must	 be	 done	 in	 order	 to
achieve	desired	therapeutic	outcomes	of	efficacy	and	safety,	especially	if	therapy
is	to	be	continued	for	more	than	a	few	days.	Reported	peak	concentration	ranges
of	7–10	mg/L	and	troughs	(prehemodialysis)	of	3.5–5	mg/L	have	been	shown	to
improve	outcomes	in	this	population.41

CASE	1
EC	is	a	68-year-old	male	(height	=	6′2″,	ABW	=	155	lbs,	IBW	=	81	kg)	with	a



history	of	Type	 II	DM	and	HTN	who	was	 started	on	cefepime	plus	gentamicin
500	mg	IVPB	every	24	hours	for	health	care–associated	pneumonia	on	February
4.	On	admission,	he	underwent	chest	CT	with	contrast	to	rule	out	a	pulmonary
embolism.	His	SCr	and	BUN	have	increased	from	0.9	 to	1.5	mg/dl	and	15.1	to
30.6,	respectively,	within	the	last	24	hours,	and	his	urine	output	over	the	last	6
hours	 has	 been	 zero.	 You	 have	 made	 a	 recommendation	 to	 the	 physician	 to
switch	to	an	alternative	antibiotic,	given	the	patient’s	worsening	renal	function.
The	physician	denied	your	request,	stating	that	he	believes	that	the	decrease	in
renal	 function	 is	 not	 due	 to	 the	 aminoglycoside	 and	 that	 the	 patient	 has	 a
multidrug-resistant	Pseudomonas	 in	 the	sputum.	He	 thus	believes	 the	benefit	 is
much	greater	than	the	risk	of	further	renal	damage.

2/5,	Day	#2
Vital	Signs:
BP:	100/72
HR:	92
RR:	16
Temp:	100.3°	F
Labs:
WBC:	22
SCr:	1.5
BUN:	30.6
I/Os:
Input:	2682	mL
Output:	661	mL
Urine	Output	(U/O):	0	mL/hr

ASSIGNMENT	I

Determine	EC’s	CrCl,	and	develop	a	plan	for	his	gentamicin	therapy.

Answer:
EC	has	an	estimated	CrCl	of	<10	mL/min.1

U/O:	0	mL/hr
WBC:	22



Temp:	99°F

Plan
Stop	EC’s	gentamicin	maintenance	dose	and	check	a	gentamicin	random	level	in
the	 AM.	 Check	 SCr	 and	 BUN	 daily	 and	 monitor	 for	 ototoxicity.	 Redose
gentamicin	1	mg/kg	once	levels	are	decreased	to	below	2.5	mg/L.

Rationale
Cockcroft-Gault	equation1	for	CrCl

(Use	IBW	unless	ABW	is	less.)
ABW	=	155/2.2	=	70	kg

Using	the	Cockcroft-Gault	equation	for	EC’s	CrCl	estimation	yields	a	value
of	46	mL/min;	however,	 the	problem	with	using	equations	 to	calculate	GFR	is
that	they	use	a	snapshot	in	time	of	the	patient’s	renal	function,	and	they	assume
stable	renal	function	(or	steady	state).	The	results	will	be	unreliable	if	the	SCr	is
changing	 (such	 as	 in	 acute	 kidney	 failure)	 and	 thus	not	 a	 true	 indicator	 of	 the
patient’s	 renal	 function.	 An	 increasing	 SCr	 will	 overestimate	 CrCl,	 and	 a
decreasing	 SCr	will	 underestimate	CrCl	 until	 steady	 state	 is	 reached.	Because
this	 patient’s	 SCr	 is	 rising	 and	 not	 at	 steady	 state,	 it	may	 be	 assumed	 that	 his
CrCl	 is	 less	 than	 the	value	 calculated	by	 standard	 equations.	His	 lack	of	urine
output	 confirms	 the	 concern	 that	 he	 is	 in	 acute	 renal	 failure.45	 A	 common
mistake	made	by	clinicians	is	 to	rely	too	heavily	on	computer	calculations,	not
taking	the	entire	clinical	picture	into	consideration	prior	to	making	conclusions.
EC	was	positive	approximately	two	liters	yesterday,	and	he	is	not	excreting	any
urine.	 Given	 the	 fact	 that	 he	 is	 a	 diabetic	 and	 he	 has	 recently	 received	 IV
contrast,	he	is	at	high	risk	of	developing	acute	renal	failure.	Another	risk	factor
may	be	hypoperfusion	to	the	kidneys,	caused	by	hypotension.22-24



2/6,	Day	#3
Vital	Signs:
BP:	110/75
HR:	89
RR:	15
Temp:	99°F
Labs:
WBC:	16
SCr:	2.2
BUN:	36.8
Gent	R:	3.6	mg/L
I/Os:
Input:	1550	mL
Output:	0	mL
U/O:	0	mL/hr

The	physician	has	ordered	a	4-hour	dialysis	session	for	today.

ASSIGNMENT	II

Develop	an	assessment	and	plan	for	EC’s	gentamicin	therapy	today.

Answer:
EC	has	an	estimated	CrCl	of	<10	mL/min.	U/O	=	0	mL/hr.	WBC	=	16.	T	=	99°
F.	Gentamicin	 random	 level	 =	 3.6	mg/L.	 Intermittent	 hemodialysis	 is	 to	 begin
today.

Plan
Give	gentamicin	1	mg/kg	(or	70	mg)	today	at	the	end	of	the	dialysis	session	and
repeat	 random	 level	prior	 to	 the	next	dialysis	 session.	Redose	as	needed	when
the	 predicted	 gentamicin	 level	 <2.5	 mg/L.	 Check	 SCr	 and	 BUN	 daily	 and
monitor	for	ototoxicity.

Rationale



A	 4-hour	 intermittent	 dialysis	 session	 removes	 approximately	 50	 percent	 of
aminoglycoside	 concentrations.40	 Several	 known	 factors	 may	 contribute	 to	 a
lesser	degree	of	removal,	including	dialysis	session	characteristics	(e.g.,	shorter
session	 duration,	 ultrafiltration	 only,	 or	 use	 of	 less	 permeable	 dialyzers)	 and
patient	characteristics	(e.g.,	volume	overload	or	reduced	blood	flow).41	Current
practice	 recommendations	 for	 aminoglycoside	 dosing	 in	 adults	with	 ESRD	 on
hemodialysis	 are	 to	 administer	 one-half	 of	 the	 full	 dose	 after	 each	 session.16
However,	 as	mentioned	 previously,	 therapeutic	 drug	monitoring	 is	 required	 to
ensure	that	sufficient	excretion	of	drug	has	occurred	and	that	troughs	are	below
toxic	levels.	An	additional	dose	of	1–1.8	mg/kg	(depending	on	time	lapsed	from
the	dose,	the	specific	dialysis	prescription,	and	the	patient’s	presentation)	should
be	given	at	the	end	or	after	dialysis.40,41	For	severe	infections	or	cases	requiring
prolonged	treatment,	as	in	the	case	of	osteomyelitis	and	endocarditis,	it	may	be
desirable	to	calculate	the	patient’s	half-life	off	of	dialysis.	This	calculation	may
be	done	by	obtaining	a	peak	concentration	2–3	hours	after	the	dose	and	a	second
level	just	before	the	next	dialysis	session.

CASE
JF	is	a	62-year-old	female	(Height	=	5′6″,	ABW	=	131	lbs,	IBW	=	60	kg)	with	a
history	of	recurrent	UTIs	who	has	been	admitted	to	 the	hospital	 for	multidrug-
resistant	Klebsiella	in	the	urine,	which	is	only	sensitive	to	tobramycin	(MIC	=	2
mcg/mL)	and	started	on	tobramycin	400	mg	IVPB	every	24	hours.	On	the	fourth
day	of	 therapy,	her	SCr	and	BUN	have	 increased	 to	2.2	mg/dL	and	39	mg/dL,
respectively,	from	baseline	of	1.1	mg/dL	and	17.1	mg/dL.	She	is	currently	anuric
and	 the	 physician	 has	 consulted	 nephrology,	 who	 has	 now	 ordered	 a	 6-hour
intermittent	hemodialysis	session	to	begin	tomorrow	morning.

3/31,	Day	#4
Vital	Signs:
BP:	92/57
HR:	89



RR:	12
Temp:	99.1°F
Labs:
WBC:	12
SCr:	2.2	mg/dL
BUN:	39	mg/dL
I/Os:
Input:	3250	mL
Output:	220	mL
U/O:	0	mL/hr

QUESTION

Determine	JF’s	CrCl	and	develop	a	plan	for	her	tobramycin	therapy.

Answer.
JF	has	an	estimated	CrCl	of	<10	mL/min.
U/O:	0	mL/hr
I/O:	+2	liters
WBC:	12
Temp:	99.1°F

Plan
Stop	JF’s	tobramycin	maintenance	dose	and	check	a	tobramycin	random	level	in
the	AM,	prior	to	dialysis.	Redose	with	tobramycin	1	mg/kg	when	predicted	level
<2.5	mg/L.	Check	SCr	and	BUN	daily	and	monitor	for	ototoxicity.

4/1,	Day	#5
Vital	Signs:
BP:	98/60
HR:	87
RR:	14
Temp:	99.2°F
Labs:



WBC:	11.7
SCr:	3.4	mg/dL
BUN:	42	mg/dL
Tobra	trough	level:	3.8	mg/L
I/Os:
Input:	2117	mL
Output:	0	mL
U/O:	0	mL/hr

Develop	an	Assessment	and	Plan	for	JF’s	tobramycin	therapy	today.

Answer:
JF	has	an	estimated	CrCl	of	<10	mL/min.

U/O	=	0	mL/hr	I/O	=	+2	L	WBC	=	16	T	=	99°F

Tobramycin	 random	 level	 =	 3.8	 mg/L.	 Intermittent	 hemodialysis	 is	 to	 begin
today.

Plan
Give	 tobramycin	1	mg/kg	(60	mg)	 today	at	 the	end	of	 the	dialysis	session	and
repeat	 random	 level	prior	 to	 the	next	dialysis	 session.	Redose	as	needed	when
the	 predicted	 tobramycin	 level	 ≤2.5	 mg/L.	 Check	 SCr	 and	 BUN	 daily	 and
monitor	for	ototoxicity.

ROUNDING	SERUM	CREATININE	IN	THE
ELDERLY

As	 previously	 noted,	 aminoglycosides	 are	 eliminated	 by	 the	 kidneys,	 and	 a
decline	 in	 renal	 function	 affects	 the	dosage	 interval	 that	 is	 used.	However,	 the
effect	 of	 renal	 dysfunction	 on	 individual	 doses	 is	 minor.46,47	 Serum
concentrations	of	creatinine,	a	by-product	of	muscle	metabolism,	are	reduced	in
patients	 who	 are	 malnourished	 or	 have	 advanced	 liver	 disease.	 SCr	 is	 also
affected	by	a	person’s	muscle	mass.	Geriatric	patients	have	relatively	less	muscle
mass	 than	 younger	 persons,	 and	 as	 a	 result	 their	 SCr	 values	 are	 often	 low.48



Despite	 the	frequent	finding	that	elderly	patients	have	normal	SCr	values,	 they
often	have	slowly	declining	renal	function.49,50

Using	the	standard	equations	to	calculate	CrCl	with	the	low	SCr	values	often
seen	in	the	elderly	can	lead	to	a	significant	overestimation	of	GFR	and	as	a	result
an	 inappropriate	 dosing	 interval	 with	 aminoglycosides,	 possibly	 resulting	 in
nephrotoxicity.	 In	 a	 study	 investigating	 drug	 dosing	 in	 elderly	 hospitalized
patients,	the	Cockcroft-Gault	equation	was	less	predictive	of	the	correct	dose	in
patients	with	a	SCr	of	less	than	1	mg/dL	than	those	with	higher	SCr	values.51	For
this	reason,	clinicians	often	round	low	SCr	values	up	to	a	higher	value,	1	mg/dL.
However,	data	to	support	this	practice	is	limited.	In	elderly	patients,	rounding	the
SCr	 to	 1	 mg/dL	 can	 lead	 to	 an	 underestimate	 of	 the	 CrCl	 when	 using	 the
Cockcroft-Gault	equation.52,53,54	Thus,	some	clinicians	round	SCr	to	0.8	mg/dL.
In	one	study,	rounding	up	to	a	SCr	of	0.8	mg/dL	actual	improved	the	predictive
ability	of	Cockcroft-Gault	equation	in	patients	with	a	GFR	≤100	mL/min.55

In	 all	 patients,	 but	 in	 especially	 in	 the	 elderly,	 avoiding	 aminoglycoside-
associated	 nephrotoxicity	 and	 ototoxicity	 is	 an	 important	 part	 of	 therapy.
Calculating	 CrCl	 by	 rounding	 low	 SCr	 to	 a	 higher	 value	 allows	 clinicians	 to
better	calculate	an	empiric	dosing	 interval	 for	aminoglycosides	until	 levels	can
be	drawn.

CASE	1
VM,	 a	 93-year-old	 female	 resident	 of	 a	 local	 nursing	 home,	 presents	 to	 the
emergency	department	 (ED)	accompanied	by	her	daughter,	who	states	 that	 the
patient	has	had	recent	mental	status	changes.	Upon	presentation	to	the	ED,	she
is	febrile	with	a	temperature	of	101.9	F.	She	is	5′1″	and	98	pounds.	Recent	labs
show	WBC	 21.2,	 Bands	 36%,	 and	 SCr	 0.3.	 She	 has	 no	 known	 drug	 allergies.
Cultures	 are	 drawn,	 and	 VM	 is	 to	 be	 started	 on	 piperacillin/tazobactam,
linezolid,	and	amikacin.	The	ED	attending	calls	 to	request	pharmacy	dosing	of
the	amikacin.
1.	Calculating	the	IBW.

IBW	=	45.5	+	(2.3	×	1)	=	45.5	+	2.3	=	47.8	kg

2.	Calculate	CrCl.



aNote	that	the	patient’s	SCr	of	0.3	has	been	rounded	up	to	0.8,	as	discussed
earlier.

3.	Determine	loading	dose.

4.	Estimated	Ke.46

bNote	that	a	different	formula	to	calculate	the	elimination	rate	constant	has
been	used	here	than	was	used	in	Section	2	in	order	to	illustrate	that	both
have	been	validated	and	either	can	be	used.

5.	Estimating	half-life	(t½).

t½	=	0.693/Ke	=	0.693/0.09	=	7.7	hours

6.	Calculate	dosing	interval.56,57

Dosing	interval	=	3	×	t½	=	3	×	7.7	=	23	hours

OR



Answer:
Recommended	 dosing	 regimen	 would	 be	 amikacin	 900	 mg	 IVPB	 every	 24
hours.	A	1-hour	 postdose	 level	 (peak)	 and	10-hour	 level	 (random)	 are	 ordered
for	appropriate	dose	adjustments.

CASE	2
RS,	an	89-year-old	male,	is	admitted	to	the	hospital	for	a	persistent	cough	that
has	 gotten	 worse	 over	 the	 last	 several	 days	 despite	 being	 on
amoxicillin/clavulanic	 acid	 875	 mg	 b.i.d.	 and	 azithromycin	 for	 4	 days.	 He	 is
febrile	with	a	temperature	of	100.9	F.	He	is	5′10″	and	180	pounds.	Recent	labs
show	WBC	 17.9	 and	 SCr	 0.3.	His	 only	 allergy	 is	 to	 statins,	 which	 he	 reports
cause	muscle	pain.	RS	is	being	started	on	cefepime	and	gentamicin.	The	resident
calls	and	requests	dosing	recommendations	for	gentamicin.
1.	Calculate	the	IBW.
2.	Calculate	CrCl.
3.	Determine	loading	dose.
4.	Estimate	the	elimination	rate	constant,	Ke.
5.	Estimate	the	half-life	(t½).

6.	Calculate	a	dosing	interval.



Answers:
1.	IBW	=	50	+	(2.3	×	8)	=	50	+	18.4	=	68.4	kg

3.	Loading	dose	=	7	mg/kg	=	7	mg	×	81.8	kg	=	572.6	mg	Round	to	570	mg.
4.	Estimated	Ke	=	(0.0024	×	CrCl)	+	0.01	=	(0.0024	×	60)	+	0.01	=	0.15
5.	t½	=	0.693/Ke	=	0.693/0.15	=	4.6	hours

6.	Dosing	interval	=	3	×	t½	=	3	×	4.6	=	14	hours

OR

Recommended	 dosing	 regimen	 would	 be	 gentamicin	 570	 mg	 IV	 q12h	 plus
checking	a	1-hour	level	(peak)	and	10-hour	level	(random)	for	appropriate	dose
adjustments.

AMINOGLYCOSIDE	DOSING	IN	THE	OBESE
PATIENT

CASE	1



AM	is	a	67-year-old	male	(5′10″,	283	pounds)	who	was	transferred	to	the	ICU
from	a	general	surgical	floor	with	severe,	acute	abdominal	pain,	fever	(39.2°C),
and	 hypotension	 (92/58	 mm	 Hg).	 He	 is	 post-op	 day	 #2;	 status	 is	 post
laparoscopic	 ventral	 hernia	 repair	 and	 extensive	 lysis	 of	 adhesions.	On	 exam,
his	 abdomen	 is	 tender	 and	 firm,	 and	 the	 intensivist,	 suspecting	 a	 bowel
perforation,	 wants	 to	 start	 broad-spectrum	 antibiotics	 while	 awaiting	 surgical
intervention.	 The	 team	 chooses	 cefepime,	 metronidazole,	 and	 gentamicin	 and
asks	for	you	to	recommend	an	extended-interval	dosing	regimen	for	gentamicin.
Labs	drawn	earlier	today	reveal	a	stable	SCr	of	1.2	mg/dL.	PMH	is	significant
only	 for	 DM	 and	 COPD.	 Surgical	 history	 reveals	 a	 previous	 cholecystectomy
and	an	amputation	of	his	left	forearm	due	to	a	fireworks	accident	five	years	ago.

Discussion
Drug	 dosing	 in	 obese	 patients	 is	 a	 challenge	 for	 clinical	 pharmacists	 in	 all
settings	and	for	virtually	all	drugs,	due	to	the	paucity	of	obese	patients	in	clinical
trials.	Two	 independent	 issues	 come	 into	 play	when	dosing	 aminoglycoside	 in
overweight	patients:	(1)	adjustment	of	the	dose	to	account	for	the	increased	Vd,
and	(2)	estimation	of	 renal	 function	 in	 this	population	via	 formulas	 that	utilize
weight	as	one	of	the	independent	variables.

Many	 of	 the	 physiologic	 changes	 that	 occur	 in	 obesity	 influence
aminoglycoside	dosing.	Obese	patients	have	an	 increased	body	mass	compared
to	their	normal-weight	counterparts	due	to	an	increase	in	both	lean	and	adipose
tissue.	 Organ	 hypertrophy	 and	 increased	 blood	 volume	 also	 contribute	 to	 the
increase	 in	 total	 body	 weight	 (TBW).	 Aminoglycosides	 are	 hydrophilic	 drugs
primarily	 distributed	 into	 the	 extracellular	 fluid	 space.	 Because	 blood	 flow	 to
adipose	 tissue	 accounts	 for	 less	 than	 5	 percent	 of	 total	 cardiac	 output	 and	 its
water	content	 is	 roughly	30	percent	 that	of	other	body	 tissues,	aminoglycoside
kinetics	 are	 affected	 less	 by	 excess	 adipose	 tissue	 than	 are	more	 hydrophobic
drugs.	Therefore,	dosing	based	on	TBW	is	not	warranted	and	is	likely	to	result	in
supratherapeutic	 drug	 concentrations.58,59	 Fortunately,	 aminoglycosides	 are
likely	 the	 most	 pharmacokinetically	 studied	 antimicrobials	 in	 obesity,	 and
numerous	 studies	 have	 been	 conducted	 in	 overweight	 patients	 in	 order	 to
determine	 the	 dosing	 weight	 conversion	 factor	 (DWCF)	 that	 can	 be	 used	 to
appropriately	 estimate	 dosing	 weight	 for	 patients	 receiving	 aminoglycosides.
The	DWCF	 is	 intended	 to	 account	 for	 the	 increase	 in	 lean	 body	mass	 seen	 in
obese	 patients	 that	 is	 not	 reflected	 by	 calculated	 IBW.	 Published	 studies	 have
classified	 patients	 into	 various,	 somewhat	 arbitrary	 categories,	 ranging	 from



“overweight”	 to	 “morbidly	 obese”	 and	 have	 suggested	 DWCFs	 ranging	 from
0.38	 to	 0.58.60–67	 Overall,	 literature	 supports	 employing	 a	 DWCF	 of	 0.4	 for
overweight	 patients	 defined	 as	 those	 weighing	 125	 percent	 or	 more	 of	 their
calculated	IBW	to	determine	a	dosing	weight	for	aminoglycosides.

When	calculating	 IBW	for	AM,	his	 forearm	amputation	must	 also	be	 taken
into	 consideration.	This	 is	 accomplished	 by	 reducing	 the	 calculated	 IBW	by	 a
percentage	that	estimates	what	portion	of	IBW	the	missing	body	part	(or	parts)
normally	contributes	to	total	body	weight.	(See	Table	2-2.)

TABLE	2-
2 Average	Body	Weight	Distribution	by	Anatomic	Location68

The	 average	 body	 weight	 distribution	 for	 each	 body	 part	 can	 be	 used	 to
approximate	 an	 adjustment	 to	 the	 calculated	 IBW	 for	 amputees.	 For	 example,
when	 accounting	 for	 the	 amputated	 limb	 in	 a	 patient	 with	 an	 above-knee
amputation	at	midthigh:

6.0%	(for	knee,	lower	leg,	and	foot)



+	4.8%	(estimating	half	of	thigh)	=	10.8%

Step	1:	Calculate	the	patient’s	IBW.
For	 patient	 AM,	 first	 calculate	 what	 his	 IBW	 would	 be	 without	 a	 forearm
amputation:

Now	subtract	the	appropriate	amount	to	account	for	his	forearm	amputation:

(Be	 sure	 to	 use	 this	 IBW,	 which	 accounts	 for	 his	 amputation,	 in	 all	 future
calculations.)

Step	2:	Determine	whether	a	DW	should	be	calculated	for	the	patient.
Calculate	what	percentage	of	IBW	is	AM’s	TBW:

AM’s	TBW	is	181	percent	of	his	calculated	IBW.	Because	he	weighs	more	than
125	percent	of	his	IBW,	a	DW	should	be	calculated:



Step	3:	Use	DW	to	calculate	the	dose	of	gentamicin.

7	mg/kg	×	94.4	kg	=	660.8	mg

Round	the	dose	to	660	mg	for	ease	of	preparation.

The	second	issue	to	consider	when	dosing	aminoglycosides	in	obese	patients
is	 how	 to	most	 accurately	 estimate	 renal	 function.	As	 noted	 previously	 in	 this
chapter,	 the	 gold	 standard	 for	 estimating	 renal	 function	 for	 drug	 dosing
considerations	is	the	Cockcroft-Gault	(CG)	equation:

CrCl	=	[(140	–	Age)	×	Wt.]/(72	×	SCr)	×	(0.85	if	female)

where	CrCl	is	estimated	creatinine	clearance	in	mL/min,	age	is	in	years,	weight
is	in	kilograms,	and	SCr	is	serum	creatinine	concentration	in	mg/dL.	Cockcroft
and	Gault	derived	 this	formula	from	a	group	of	male	patients	with	stable	renal
function,	all	of	whom	were	within	10	percent	of	their	ideal	body	weight	(IBW).1
Naturally,	the	validity	of	this	method	in	different	patient	populations,	including
those	who	are	overweight,	has	been	questioned.	The	original	CG	equation	is	not
adjusted	 for	 body	 surface	 area	 (BSA),	 and	 it	 has	 been	 shown	 to	 grossly
overestimate	 renal	 function	when	used	 in	obese	patients.60–74	Various	 attempts
have	 been	made	 to	 validate	 the	CG	 equation	 in	 obese	 patients	 by	 substituting
IBW,60,69,72,75–77	fat-free	weight	(FFW),69,76	 lean	body	weight	(LBW),69,76,78,79
predicted	 normal	weight	 (PNWT),76,80	 or	 adjusted	 body	weight	 (ABW)60,69,76
for	TBW	in	the	formula.	Although	not	unanimous,	most	studies	have	found	that
the	use	of	LBW	as	 the	weight	descriptor	 in	 the	CG	equation	 leads	 to	 the	most
accurate	estimation	of	CrCl	when	compared	to	measured	values	obtained	by	24-
hour	 urine	 collections.69,78,79	 Erroneously,	 the	 assumption	 has	 been	made	 that
LBW	is	the	same	as	IBW,	which	has	led	to	the	widespread	adoption	by	clinicians
of	 the	 use	 of	 IBW	 in	 the	 CG	 equation	 for	 patients	 of	 all	 sizes,	 except	 those
whose	 actual	 body	 weight	 is	 less	 than	 IBW.	Multiple	 studies,	 however,	 have
demonstrated	 that	 use	 of	 IBW	 in	 the	CG	 equation	 consistently	 underestimates
renal	function.60,69,72,75-77	Even	though	the	literature	cannot	give	clear	direction
on	which	weight	descriptor	performs	best	for	estimating	renal	function	with	the
CG	equation,	 the	 assumption	might	 be	made	 that	 a	 descriptor	 that	 is	 less	 than
TBW	(which	overestimates	CrCl)	and	greater	 than	IBW	(which	underestimates
CrCl)	is	likely	most	accurate.	This	assumption	is	supported	in	a	study	by	Leader
and	colleagues	that	determined	use	of	dosing	weight	(DW)	as	a	replacement	for
TBW	in	 the	CG	equation	was	best	at	predicting	gentamicin	clearance	 in	obese
patients.60



An	alternative	method	of	estimating	CrCl	in	obese	patients	was	developed	by
Salazar	and	Corcoran:

where	CrCl	is	estimated	creatinine	clearance	in	mL/min,	age	is	in	years,	TBW	is
in	kilograms,	height	is	in	meters,	and	SCr	is	in	mg/dL.81	The	Salazar-Corcoran
(S-C)	equation	was	developed	using	an	obese	rat	model	and	then	validated	using
patient	data.	Some	studies	have	been	able	to	further	validate	the	S-C	method	in
obese	 patients	 as	 the	most	 accurate	 of	 available	 equations	 for	 estimating	 renal
function	 from	 SCr,77	 but	 others	 have	 not	 been	 able	 to	 draw	 the	 same
conclusion.60,69,82	 The	 S-C	 equation	 is	 not	 widely	 used	 by	 clinicians,	 perhaps
because	it	is	a	more	complicated	equation	to	remember	and	compute.

The	 Modification	 of	 Diet	 in	 Renal	 Disease	 (MDRD)	 Study	 equation	 for
estimation	of	glomerular	filtration	rate	(GFR)	was	derived	from	data	from	men
and	women	with	chronic	kidney	disease	and	has	been	validated	for	accuracy	of
GFR	 estimation	 in	 many	 studies.73,74,83–86	 The	 four-variable	MDRD	 equation
has	 been	most	widely	 accepted	 and	 reexpressed	 for	 use	with	 the	 standardized
creatinine	assay:

where	 GFR	 is	 expressed	 in	 mL/min/1.73m2,	 SCr	 is	 in	 mg/dL,	 and	 age	 is	 in
years.87	 Initially	 there	 was	 reluctance	 to	 use	 this	 method	 for	 estimating	 renal
function	for	drug	dosage	adjustments	because	the	FDA’s	Guidance	for	Industry
requiring	 study	 and	 publication	 of	 renal	 dose	 adjustments	 in	 drug	 labeling
recommends	 use	 of	measured	CrCl	 or	 estimated	CrCl	 using	 the	CG	 equation,
and	 it	 was	 not	 known	 whether	 the	MDRD	 calculation	 would	 correlate	 to	 the
breakpoints	established	with	these	methods.88	Recently,	Stevens	and	colleagues
conducted	a	large	simulation	study	looking	at	dosage	adjustments	determined	via
the	MDRD	method,	CG	 equation	 using	TBW,	 or	CG	 equation	 using	 IBW	 (or
adjusted	 body	 weight	 for	 overweight	 individuals)	 and	 found	 that	 the	 MDRD



equation	has	a	high	 rate	of	concordance	with	established	breakpoints	and	drug
dosage	 recommendations.72	 These	 findings	 led	 to	 revision	 of	 the	 National
Kidney	Disease	Education	Program	 recommendations	 for	 estimation	of	kidney
function	 for	 prescription	medication	dosage	 in	 adults	 to	 include	 the	use	of	 the
four-variable	MDRD	equation	adjusted	 for	 the	patient’s	 actual	BSA	or	 the	CG
equation	utilizing	TBW.89	Additionally,	a	draft	 revision	to	 the	FDA’s	Guidance
for	Industry	includes	both	the	CG	and	MDRD	equations	as	acceptable	methods
for	 describing	 renal	 function	 for	 dose	 adjustments	 in	 drug	 labeling.90	 The
MDRD	 equation	 is	 less	 reliable	 in	 patients	 whose	 estimated	 GFR	 is	 >60
mL/min/m2;	 therefore,	 it	 is	 not	 the	 best	 choice	 for	 calculating	 drug	 doses	 in
patients	 with	 near	 normal	 renal	 function.74,86,91	 The	 MDRD	 equation	 would
therefore	seem	to	be	attractive	for	use	in	obese	patients	because	it	is	normalized
for	 an	 average	 body	 surface	 area	 (BSA)	 and	 can	 be	 adjusted	 according	 to	 a
patient’s	actual	BSA	by	multiplying	by	 the	patient’s	calculated	BSA.	However,
several	 studies	 have	 shown	 the	 MDRD	 to	 be	 less	 accurate	 when	 applied	 to
overweight	 patients.	 In	 the	 Stevens	 simulation	 study	 previously	 described,	 the
MDRD	 equation	 underestimated	 renal	 function	 in	 the	 portion	 of	 the	 study
population	weighing	more	than	90	kg.72	These	findings	are	consistent	with	other
studies	 that	 show	 the	 MDRD	 to	 be	 accurate	 for	 the	 population	 overall,	 but
somewhat	less	accurate	and	likely	to	underestimate	renal	function	in	overweight
patients.73,74	 Based	 on	 current	 evidence,	 the	 MDRD	 should	 not	 be	 used	 to
estimate	renal	function	for	drug	dosing	in	obese	patients.

It	is	important	to	recognize	the	limitations	of	any	SCr-based	estimate	of	renal
function	and	 that	 these	 limitations	may	be	more	pronounced	 in	obese	patients.
Twenty-four-hour	 urine	 collections	 for	 obese	 patients	 have	 been	 suggested.82
However,	 this	 process	 is	 time-consuming	 and	 fraught	 with	 error	 in	 the	 not-
unlikely	 event	 that	 a	 patient	 may	 forget	 and	 urinate	 without	 monitoring	 the
volume.	Additionally,	 it	 is	not	 feasible	when	quantification	of	 renal	 function	 is
needed	 to	 start	 a	 drug	 right	 away.	When	 estimating	 renal	 function	 for	 dosing
aminoglycosides,	 particularly	 in	 obese	 patients,	 the	 appropriate	 use	 of
therapeutic	drug	monitoring	becomes	even	more	important	to	assure	efficacy	and
prevent	 toxicity.	 Because	 no	 single	 method	 of	 estimating	 renal	 function	 in
obesity	has	been	shown	to	be	superior,	use	of	either	the	S-C	equation,	which	has
been	 validated	 for	 use	 in	 obese	 patients,	 or	 the	 CG	 equation	 utilizing	 dosing
weight,	 which	 has	 been	 shown	 to	 be	 accurate	 for	 estimating	 gentamicin
clearance,	 is	 acceptable	 for	 determining	 an	 initial	 dosage	 interval	 for
aminoglycosides.	 However,	 it	 is	 imperative	 that	 drug	 concentration	 levels	 are
utilized	to	dictate	continued	dosing.



Step	4:	Estimate	the	patient’s	renal	function.
Cockcroft-Gault	equation	using	dosing	weight:

Salazar-Corcoran	equation:

Step	5:	Use	estimated	CrCl	to	determine	appropriate	dosage	interval	and
complete	dose	and	monitoring	recommendation	(see	Section	1).

Recommended	dose:	660	mg	IV	every	24	hours
Check	 level	 10	 hours	 after	 first	 dose	 is	 finished	 infusing	 and	 follow

nomogram	for	adjustment.

CASE	2
LP	is	a	48-year-old	female	(5′6″,	207	pounds)	admitted	yesterday	morning	with
pyelonephritis.	 She	was	 initially	 started	on	 ceftriaxone,	 but	 today	 continues	 to
worsen	clinically	and	blood	cultures	from	admission	are	showing	gram-negative
rods	 on	 gram	 stain.	 The	 physician	 wants	 to	 add	 tobramycin	 to	 the	 antibiotic
regimen	until	definitive	culture	results	are	back.	LP’s	PMH	is	significant	only	for
HTN	 (poorly	 controlled).	 SCr	 =	 1.6	 mg/dL	 on	 today’s	 labs.	 Outpatient	 blood
work	from	one	month	ago	showed	SCr	=	1.6	mg/dL	at	that	time.	Recommend	a
dose	and	monitoring	plan	for	tobramycin	for	LP.

Answers:



Step	1:	Calculate	the	patient’s	IBW.

Step	2:	Determine	whether	a	DW	should	be	calculated	for	the	patient.
Calculate	what	percentage	of	IBW	is	LP’s	TBW:

Because	 she	 weighs	 more	 than	 125	 percent	 of	 her	 IBW,	 a	 DW	 should	 be
calculated:

Step	3:	Use	DW	to	calculate	the	dose	of	tobramycin.
7	mg/kg	×	70	kg	=	490	mg
Round	the	dose	to	500	mg.

Step	4:	Estimate	the	patient’s	renal	function.
Cockcroft-Gault	equation:

Salazar-Corcoran	equation:



Step	5:	Use	estimated	CrCl	to	determine	dosage	interval	and	dose.
Recommended	dose:	500	mg	IV	every	36	hours.
Check	 level	10	hours	after	 first	dose	 is	 finished	 infusing;	 follow	nomogram

for	adjustment.

AMINOGLYCOSIDES	USED	IN	THE
TREATMENT	OF	GRAM-POSITIVE
ENDOCARDITIS

Infective	endocarditis	can	be	associated	with	significant	morbidity	and	mortality.
Choosing	appropriate	antimicrobial	therapy	is	essential,	but	has	been	made	more
challenging	 with	 the	 emergence	 of	 resistant	 pathogens.	 The	 2005	 American
Heart	Association	 recommendations	 for	 the	 treatment	 of	 infective	 endocarditis
include	antibiotic	selections	for	 the	most	common	pathogens.	 In	some	settings,
the	recommendations	utilize	synergy	with	aminoglycosides.92

CASE	1
A	29-year-old	man	presents	 to	 the	 trauma	bay	after	 suffering	blunt	 trauma	by
multiple	assailants.	Workup	 is	negative	 for	 traumatic	head	bleeding,	 fractures,
or	dislocations.	Upon	questioning,	the	patient	complains	of	fever	and	chills	for
the	last	three	days	and	admits	to	illicit	intravenous	drug	use	(IVDU)	as	noted	by
multiple	skin	tracks	on	both	upper	extremities.	Imaging	studies	reveal	pulmonary
cavitary	 lesions.	 He	 subsequently	 undergoes	 transthoracic	 echocardiography
(TTE)	 with	 a	 finding	 of	 definitive	 tricuspid	 valve	 vegetation	 (2	 cm)	 with
moderate	regurgitation.	Two	sets	of	peripheral	blood	cultures	are	drawn	by	the
bedside	 nurse;	 gram	 stain	 returns	 with	 gram-positive	 cocci	 on	 all	 four	 with
culture	pending.



Height:	6′1″	Weight:	70	kg	SCr:	0.9	Allergies:	NKDA
Blood	culture	×	4	pending

While	 ruling	 out	 other	 differential	 diagnoses,	 the	 attending	 physician	 asks	 his
resident	to	initiate	antibiotic	therapy	for	what	he	believes	to	be	cavitary	lesions
due	 to	 septic	 emboli	 secondary	 to	 infective	 endocarditis	 (based	 on	 Modified
Duke	Criteria).92

The	 resident	 remembers	 learning	 that	 streptococcus	 is	 a	 common	 pathogen
associated	with	endocarditis	but	 that	 staphylococcus	 should	also	be	considered
due	 to	 patient’s	 history	 of	 IVDU.	He	writes	 an	 order	 for	 ceftriaxone	 2	 gm	 IV
every	 24	 hours,	 vancomycin	 15	 mg/kg	 every	 12	 hours,	 and	 gentamicin
“pharmacy	to	dose.”

Case	Analysis
Per	the	current	AHA	guidelines,	the	usual	synergy	dose	of	gentamicin	is	3	mg/kg
per	day	divided	into	three	doses,	adjusted	for	renal	dysfunction.92

1.	Calculate	the	initial	dose	(based	on	the	guidelines)	and	frequency	of
gentamicin	therapy	in	this	patient	based	on	the	information	given.

2.	Use	population-based	pharmacokinetic	parameters	to	calculate	the	initial
gentamicin	dose.

a.	Determine	IBW93	=	50	+	(2.3	×	inches	over	5	feet	[50	+	2.3(13)]	=	80	kg
b.	Using	the	Cockcroft-Gault	equation1,	calculate	the	patient’s	CrCl.

Note:	cBecause	the	patient	weighs	less	 than	his	IBW,	his	actual	weight
can	be	used.

c.	Calculate	Ke.

Ke	=	0.00293	×	CrCl	+	0.014	=	0.00293	(109)	+	0.014	=	0.33



d.	Calculate	half-life.

t½	=	0.693/Ke	=	0.693/0.33337	=	2.1	hours

e.	Calculate	the	Vd.

Vd	=	0.25	L/kg	=	0.25	L/kg	×	70	kg	=	17.5	L

f.	Calculate	dosing	interval15	(τ).

where	t	=	infusion	time	(30	min	=	0.5	hr),	Cpk	and	Ctr	are	the	peak	and	trough
concentrations,	respectively.	T	=	time	difference	of	when	Cpk	drawn	and	time	at
end	of	 infusion	 (30	min	=	0.5	hr)	 [i.e.,	 Infusion	ends	at	9:00	and	Cpk	 level	 is
drawn	at	9:30,	then	T	=	9:30	–	9:00	=	30	min	=	0.5	hr].

Round	to	8	hours.
g.	Calculate	the	maintenance	dose	rate	(Ko).15

where	Cpk[ss]	is	the	desired	steady-state	peak	concentration.	Ko	is	measured	as
mg/hr	and	dose	must	be	adjusted	for	0.5-hour	infusion.

Ko	=	168	mg/hr,	or	82	mg/0.5	hr

Round	to	80	mg	IVPB	over	30	minutes.
3.	The	next	day,	speciation	of	blood	cultures	is	in	process.	As	the	clinical
pharmacist	caring	for	the	patient,	you	request	peak	and	trough	gentamicin
levels	to	be	drawn.	The	physician	accepts	your	recommendations	to	initiate
gentamicin	as	follows:

80	mg	IVPB	every	8	hours	at	exactly	1:00	AM,	9:00	AM,	and	5:00	PM.

Use	 the	 following	 serum	 concentration	 adata	 to	 determine	 individualized



patient	pharmacokinetic	parameters:	trough:	0.4	mcg/mL	(drawn	at	08:30	AM),
and	peak:	4.6	mcg/mL	(drawn	at	10:00	AM,	30	minutes	after	completion	of	IV
infusion).

Dosages	 should	 be	 adjusted	 to	 achieve	 a	 peak	 serum	 concentration	 of	 3–4
mcg/mL	and	trough	serum	concentration	of	1	mcg/mL.92

a.	Calculate	the	patient’s	elimination	rate	constant,	Ke.

where	 T’	 =	 τ	 (interval)	 minus	 the	 time	 difference	 between	 Cpk	 and	 Ctr	 (in
hours).

b.	Calculate	t½.

c.	Calculate	Vd.

It	 is	 possible	 that	 errors	 in	 administration,	 sampling,	 and	 documentation	 may
have	 altered	 the	 interpretation	 of	 the	 measured	 serum	 levels.	 Therefore,	 it	 is
important	to	note	the	exact	times	of	infusion	as	well	as	level	sampling.19

d.	Calculate	the	new	dosing	interval	(τ).

e.	Calculate	the	new	dosing	rate	(Ko).

f.	Recalculate	the	actual	Cpk.



CASE	2
JR	 is	 a	 45-year-old	 woman	 (5′6″,	 155	 lbs)	 with	 a	 history	 of	 prosthetic	mitral
valve	replacement,	presenting	with	a	temperature	102.5°F.	A	large	vegetation	is
seen	 on	 TTE	 and	 the	 patient	 is	 taken	 to	 surgery	 to	 avoid	 embolization.	 The
patient’s	 urine	 output	 decreases	 significantly	 postoperatively	 and	 her	 SCr
remains	 mildly	 elevated	 at	 1.2.	 The	 diagnosis	 of	 acute	 renal	 failure	 (ARF)
secondary	to	extended	time	on	cardiopulmonary	bypass	is	made.	Blood	cultures
return	 showing	 streptococcus	 species	 with	 minimum	 inhibitory	 concentration
(MIC)	 0.12–0.5	 g/mL	 (relatively	 resistant)	 to	 penicillin.86	 Therefore,	 the
physician	 would	 like	 to	 proceed	 with	 ceftriaxone	 and	 gentamicin.	 The
cardiothoracic	 surgeon	 seeks	 your	 assistance	 in	 adjusting	 all	 the	 patient’s
medication	doses.

1.	Calculate	an	appropriate	starting	dose	of	gentamicin	(to	achieve	peaks	of	3–
4	mcg/mL	and	troughs	of	<1	mcg/mL)	using	population-based
pharmacokinetic	parameters	of	gentamicin.
a.	Determine	ideal	body	weight	(IBW).
b.	Using	the	Cockcroft-Gault	equation,	calculate	the	patient’s	CrCl.
c.	Estimate	Ke	(elimination	rate	constant).
d.	Estimate	t½	(half-life).

e.	Calculate	the	volume	of	distribution	(Vd).
f.	Calculate	dosing	interval	(τ).
g.	Calculate	the	maintenance	dose	rate	(Ko).

2.	Use	the	following	serum	concentration	data	to	determine	individualized
patient	pharmacokinetic	parameters:
Dose:	80	mg	IVPB	every	18	hours
Trough:	0.6	mcg/mL	(drawn	30	minutes	before	the	third	dose)
Peak:	4.8	mcg/mL	(drawn	30	minutes	after	completion	of	IV	infusion)



a.	Calculate	Ke.
b.	Calculate	t½.

c.	Calculate	Vd.
d.	Calculate	the	new	dosing	interval	(τ).
e.	Calculate	the	new	dosing	rate	(Ko).
f.	Recalculate	the	actual	Cpk.

Answers:
1.	Calculate	an	appropriate	starting	dose	of	gentamicin	(to	achieve	peaks	of	3–
4	mcg/mL	and	troughs	of	<1	mcg/mL)	using	population-based
pharmacokinetic	parameters	of	gentamicin.
a.	Determine	ideal	body	weight	(IBW).

b.	Using	the	Cockcroft-Gault	equation,	calculate	the	patient’s	CrCl.

c.	Estimate	Ke	(elimination	rate	constant).

Ke	=	0.00293(CrCl)	+	0.014	=	0.00293(55)	+	0.014	=	0.17515
d.	Estimate	t½	(half-life).

t½	=	0.693/Ke	=	0.693/0.17515	=	3.96	hours

e.	Calculate	the	volume	of	distribution	(Vd).



Vd	=	0.25	L/kg	=	0.25	L/kg	×	70	kg	=	17.5	L

f.	Calculate	dosing	interval	(τ).

g.	Calculate	the	maintenance	dose	rate	(Ko).

Consider	80	mg	dose	infused	over	30	minutes.
2.	Individualized	patient	pharmacokinetic	parameters.
a.	Calculate	Ke.

b.	Calculate	t½.

c.	Calculate	Vd.

d.	Calculate	the	new	dosing	interval	(τ):



e.	Calculate	the	new	dosing	rate	(Ko):

f.	Recalculate	the	actual	Cpk

AMINOGLYCOSIDES	PHARMACOKINETICS	IN
PEDIATRICS	PATIENTS	WITH	CYSTIC
FIBROSIS

As	 described	 previously,	 EID	 of	 aminoglycosides	maximizes	 their	 bactericidal
activity	by	utilizing	 a	higher	peak	 concentration	 to	MIC	 ratio	 and	maximizing
the	 postantibiotic	 effect.	 Several	 studies	 have	 evaluated	 extended-interval
aminoglycoside	 administration	 in	 pediatric	 patients	 with	 cystic	 fibrosis	 (CF).
EID	 was	 found	 to	 be	 equally	 efficacious	 in	 improving	 pulmonary	 function
(change	 in	 FEV1,	 the	 forced	 expiratory	 volume	 in	 one	 second)	 and	 was
associated	 with	 a	 lower	 risk	 of	 nephrotoxicity.94,95	 The	 CF	 Foundation
guidelines	support	the	use	of	EID	in	patients	with	normal	renal	function.	For	CF
patients	 with	 renal	 dysfunction,	 traditional	 dosing	 methods	 should	 be	 used.96
Nomograms	 for	EID	have	been	developed	 to	 simplify	 dosing,	 but	 they	 should
not	be	used	in	patients	who	have	altered	pharmacokinetics,	including	those	with



CF.	A	nomogram	has	been	developed	for	use	specifically	in	pediatric	CF	patients
based	on	a	tobramycin	dose	of	12	mg/kg	once	daily,	but	lacks	supporting	data.97

Higher	 doses	 of	 antibiotics	 are	 often	 required	 in	 CF	 patients	 due	 to	 higher
volumes	 of	 distribution	 and	 increased	 clearance.	 Because	 of	 the	 considerable
interpatient	 variability	 in	 clearance	 rates,	 it	 is	 important	 to	 monitor	 serum
concentrations	 soon	 after	 initiation	 of	 aminoglycoside	 therapy.	 Serum
concentrations	 should	 be	 monitored	 2	 hours	 after	 the	 start	 of	 the	 infusion,	 to
account	for	distribution	time,	and	a	second	random	level	10	hours	after	the	start
of	 the	 infusion.	 One-compartment	 kinetics	 can	 then	 be	 used	 to	 determine	 the
volume	of	 distribution	 and	 clearance.	The	 peak	 level	 can	 be	 calculated	with	 a
target	 of	 20	 to	 30	 mcg/mL	 (or	 10	 times	 the	 MIC	 if	 known)	 and	 can	 be
extrapolated	 forward	 to	 ensure	 a	 6-hour	 period	 when	 the	 serum	 level	 will	 be
below	1.5	mcg/mL.	Serum	trough	concentrations	should	be	below	the	detectable
range;	therefore,	they	are	not	useful.98

Barclay	 and	 colleagues	 described	 another	 method	 to	 assess	 dosing.	 These
investigators	 calculated	 the	 24-hour	 AUC	 (area	 under	 the	 curve).	 EID	 should
give	 the	 same	 level	 of	 drug	 exposure	 as	 conventional	 multiple	 daily	 dosing
regimens	(AUC24	70	to	100	mg·hr/L).99

CASE	1
AK,	a	10-year-old	female	with	cystic	fibrosis	(CF),	presents	to	the	clinic	with	a
4-day	history	of	shortness	of	breath,	 increasing	cough,	and	sputum	production,
which	 is	green	and	 foul	smelling.	AK	has	an	oral	 temperature	of	100.6°F.	Her
current	height	is	4′8″	and	weight	is	75	lbs.
AK	has	had	previous	 sputum	cultures	positive	 for	 Pseudomonas	 aeruginosa.

Other	 pertinent	 lab	 findings	 include:	 WBC	 18,000,	 BUN	 7,	 SCr	 0.5.	 A	 new
pulmonary	 infiltrate	 is	noted	on	chest	X-ray.	Due	 to	her	acute	exacerbation	of
CF,	AK	is	admitted	to	the	hospital	for	IV	antibiotics,	respiratory	treatments,	and
aggressive	chest	percussion	to	improve	airway	clearance.	It	is	likely	she	is	again
infected	with	Pseudomonas,	since	 the	organism	is	rarely	eradicated	 in	patients
with	CF.	The	physician	orders	ceftazidime	50	mg/kg	IV	q8h	and	tobramycin	to	be
dosed	by	pharmacy.

Estimate	of	CrCl	using	the	Schwartz’s	equation	for	pediatric	patients:

CrCl	=	K	×	L/SCr	(in	mL/minute/1.73	m2)

K	=	constant	of	proportionality	that	is	age-specific:



Thus,	for	AK,	CrCl	=	0.55	×	140	cm/0.5	mg/dL	=	154	mL/min.	AK	has	normal
renal	function	and	EID	would	be	appropriate.	Tobramycin	10	mg/kg	IVPB	every
24h	(340	mg	IVPB	q24h)	is	ordered.

Tobramycin	340mg	IV	infused	over	30	minutes	at	1400	hours
Cmax	(C1)	drawn	at	1600	hours	=	20.1
Random	level	(C2)	drawn	at	2300	hours	=	1.3
Calculate	the	volume	of	distribution	(Vd)	and	elimination	rate	constant	(Ke)

for	AK	using	×	the	tobramycin	levels.	The	time	interval	between	1600	hours	and
2300	hours	is	7	hours	and	can	be	used	to	determine	the	elimination	rate	constant.

The	 clearance	 of	 the	 drug	 can	 then	 be	 calculated	 using	 the	 volume	 of
distribution	and	elimination	rate	constant.



CL	=	(Ke)(Vd)	=	0.39	hr–1(7.8	L)	=	3.04	L/hr

The	 elimination	 rate	 constant	 can	 be	 used	 to	 calculate	 the	 expected	 plasma
concentration	at	1500	hours	(or	one	hour	before	the	observed	peak	of	22.6)	and
the	 expected	 trough	 concentration	 (30	minutes	 prior	 to	 the	 next	 dose).	 In	 the
following	equations,	t	represents	the	time	difference	from	the	measured	plasma
concentration.

Another	method	to	assess	dosing	would	be	to	calculate	the	AUC24	(target	70–
100	mg·h/L).

Although	AUC	slightly	is	slightly	above	the	target	range,	 the	peak	is	within
the	target	range	and	AK	is	clearing	the	drug.	The	dose	of	tobramycin	340	mg	IV
q24h	would	be	appropriate.

CASE	2
GJ	 is	 a	 6-year-old	 boy	 admitted	 to	 the	 hospital	 with	 a	 CF	 exacerbation.	 GJ
weighs	42	lbs	and	is	4′	tall;	his	SCr	is	0.4.	GJ	was	recently	hospitalized	for	IV
antibiotics	 to	 treat	 a	 respiratory	 infection	 with	 positive	 sputum	 cultures	 for
methicillin-resistant	 Staphylococcus	 aureus	 and	 Pseudomonas.	 Along	 with
vancomycin,	 GJ	 has	 an	 order	 for	 tobramycin	 to	 be	 dosed	 by	 pharmacy.	 The
pharmacist	 orders	 tobramycin	 200	 mg	 IVPB	 q24h,	 based	 on	 the	 dose	 used
during	his	previous	admission.	Serum	levels	were	drawn	to	assess	dosing:

Tobramycin	200	mg	IV	infused	over	30	minutes	at	0900	hours
Cmax	(C1)	drawn	at	1130	hours	=	17.2
Random	level	(C2)	drawn	at	1800	hours	=	1.4

Based	 on	 the	 tobramycin	 concentrations	 obtained	 for	 GJ,	 estimate	 his



elimination	rate	constant	(K),	clearance	(Cl),	and	volume	of	distributions	(Vd)	to
assess	the	dose.	Thereafter,	using	the	calculated	pharmacokinetic	parameters	for
GJ,	calculate	the	expected	peak,	trough,	and	AUC24	for	the	current	dose.

Answers:
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CHAPTER 	3
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DRUG	OVERVIEW

As	 a	 class,	 beta-lactam	 antibiotics	 are	 a	 mainstay	 of	 therapy	 and	 are
recommended	 for	 nearly	 all	 infection	 types	 in	 clinical	 practice	 guidelines1-6,
often	as	first-line	agents.	Overall,	they	are	a	broad	class	of	antibiotics	and	consist
of	 penicillins,	 cephalosporins,	 monobactams,	 and	 carbapenems.	 Beta-lactams
exhibit	 bactericidal	 activity	 by	 binding	 to	 penicillin-binding	 proteins	 and,
ultimately,	inhibiting	cell	wall	synthesis.	Since	the	discovery	of	penicillin,	it	has
been	 known	 that	 prolonging	 the	 infusion	 duration	 (originally	 done	 as	 a
continuous	infusion)	or	more	frequent	dosing	resulted	in	improved	outcomes7-8;
however,	 the	 utilization	 of	 prolonged	 or	 continuous	 infusion	 has	 remained	 a
matter	 of	 debate	 and	 much	 research	 has	 been	 undertaken	 to	 understand	 and
justify	these	dosing	strategies.

THERAPEUTIC	CONCENTRATIONS

With	increasing	antimicrobial	resistance	and	limited	novel	antimicrobials	on	the
horizon,	 a	 resurgence	 of	 interest	 in	 optimizing	 currently	 available	 treatment
options	has	occurred.	The	potency	of	an	antimicrobial	is	measured	as	the	lowest
concentration	that	inhibits	visible	bacterial	growth,	also	known	as	the	minimum



inhibitory	 concentration	 (MIC).	 While	 in	 vitro	 potency	 is	 relatively
straightforward,	 in	vivo	potency	 is	much	more	complex	and	 is	described	using
pharmacodynamics.	The	pharmacodynamic	parameter	for	beta-lactams	that	best
correlates	with	 efficacy	 is	 the	 percentage	 of	 the	 dosing	 interval	 that	 free	 drug
concentration	 remains	 above	 the	 MIC	 (f	 T>MIC)9.	 Thus,	 the	 optimization	 of
beta-lactam	 therapy	 relies	on	 the	duration	of	exposure	 (i.e.,	 time-dependent)	 to
maximize	f	T>MIC	(Figure	3-1).



FIGURE	3-1.	Beta-lactam	in	vivo	efficacy	is	best	predicted	by	the	percentage	of	 the	dosing	interval	 that
free	drug	concentrations	remains	above	the	MIC	(f	T>MIC).

Three	factors	affect	 the	clinical	outcome	of	 the	patient:	 the	patient,	 the	bug,
and	the	drug.	Of	 these	factors,	 the	drug	is	 the	only	one	that	 is	easily	modified,
and	 the	 various	 methods	 to	 achieve	 maximal	 f	 T>MIC	 include	 administering
doses	 more	 frequently,	 administering	 higher	 doses,	 or	 changing	 the	 infusion



duration.	Dose	escalation	strategies	add	little	additional	benefit	in	optimizing	the
drug	 exposures	 and	 are	 not	 cost	 effective	when	 the	 overall	 drug	 cost	 is	 often
doubled.	 However,	 decreasing	 the	 dosing	 interval	 or	 increasing	 the	 length	 of
infusion	 can	 have	 a	 considerable	 impact	 on	 f	 T>MIC	 (Figure	 3-2).	 When
designing	 dosing	 regimens	 to	 optimize	 beta-lactam	 therapy,	 it	 is	 important	 to
consider	what	f	T>MIC	are	required	to	maximize	antibacterial	activity,	and	these
targets	vary	by	class	of	beta-lactam.	In	general,	maximal	efficacy,	often	denoted
as	 a	 2-log	 decrease	 in	 bacterial	 density,	 requires	 a	 f	 T>MIC	 of	 40	 percent	 for
carbapenems,	50	percent	 for	penicillins,	and	50–70	percent	 for	cephalosporins;
whereas,	the	f	T>MIC	for	stasis	(i.e.,	no	bacterial	killing	or	growth)	is	20	percent
for	carbapenems,	30	percent	for	penicillins,	and	40	percent	for	cephalosporins.10-
12	 This	 efficacy	 has	 been	 associated	 with	 serum	 concentrations,	 and	 it	 is
unknown	 whether	 the	 same	 exposures	 are	 needed	 in	 tissue	 at	 the	 site	 of
infection.



FIGURE	3-2.	Comparison	of	administrating	the	same	dose	as	a	traditional	infusion	(1	hour)	with	prolonged
infusion	 (3	 hours).	 The	 prolonged	 infusion	 increases	 the	 percentage	 of	 the	 dosing	 interval	 that	 the	 drug
concentration	is	above	the	MIC.

TOXIC	CONCENTRATIONS

Beta-lactams	have	a	wide	 therapeutic	 index,	 therefore,	 toxic	concentrations	are



rare.	 When	 toxicities	 do	 occur,	 they	 are	 typically	 observed	 with	 high	 peak
concentrations.	 Because	 extending	 the	 infusion	 duration	 results	 in	 lower	 peak
concentrations	 when	 administrating	 the	 same	 dose	 (as	 evident	 in	 Figure	 3-2),
prolonged	 and	 continuous	 infusions	 have	 a	 low	 propensity	 for	 attaining	 toxic
concentrations.

MONITORING	DRUG	LEVELS

The	 potential	 for	 toxicity	 is	 rare;	 therefore,	 routine	 serum	 concentration
monitoring	 is	 not	 performed.	Additionally,	 assays	 for	 drug	monitoring	 are	 not
widely	 available	 and	 have	 historically	 only	 been	 used	 for	 research	 purposes.
Likewise,	 population	 pharmacokinetic	 parameter	 estimates	 are	 often	 used	 for
dosing	calculations.

BIOAVAILABILITY	(F)
A	number	of	β-lactam	antibiotics	have	good	bioavailability	and	are	available	in
oral	 formulations.	 However,	 for	 oral	 drug	 administration,	 it	 is	 clearly	 not
possible	to	alter	the	infusion	time.	For	the	purposes	of	this	chapter,	we	will	only
focus	 on	 selected	 intravenous	 agents	 that	 are	 commonly	 administered	 over	 a
prolonged	period	of	time	in	order	to	achieve	a	higher	amount	of	time	in	which
free	drug	concentration	remains	above	the	MIC	of	the	offending	pathogen.

VOLUME	OF	DISTRIBUTION	(V)
The	 volume	 of	 distribution	 for	 the	 β-lactam	 antibiotics	 discussed	 herein	 is
generally	 low,	 as	 depicted	 in	 Table	 3-1.	 In	 addition,	 these	 particular	 agents
typically	also	demonstrate	relatively	low	protein	binding.

CLEARANCE	(CL)
The	rate	of	clearance	for	the	(β-lactam	antibiotics	that	are	often	administered	as
prolonged	or	continuous	infusions	are	presented	in	Table	3-1.	 It	 is	 important	 to
note	 that	 these	 values	 come	 from	 patients	 with	 normal	 renal	 function.	 These
antibiotics	are	largely	excreted	by	the	kidneys	through	glomerular	filtration	and
tubular	secretion.	Therefore,	renal	function	can	have	a	significant	impact	on	the
rate	of	clearance	for	most	of	these	drugs,	requiring	dose	adjustments	in	the	face



of	severe	renal	dysfunction.	Additionally,	many	β-lactam	antibiotics	are	removed
with	hemodialysis	and	supplemental	doses	following	dialysis	may	be	required.

ELIMINATION	HALF-LIFE	(T½)
The	elimination	half-lives	for	 these	agents	are	rather	short	and,	 therefore,	must
be	 administered	 more	 frequently,	 typically	 multiple	 times	 per	 day	 in	 patients
with	 normal	 renal	 function.	 Half-lives	 for	 β-lactam	 antibiotics	 commonly
administered	as	prolonged	infusions	are	also	listed	in	Table	3-1.

THERAPEUTIC	MONITORING

As	mentioned	previously,	assays	for	monitoring	 therapeutic	drug	 levels	are	not
readily	available	and	utilized	in	the	clinical	setting.	Rather,	response	to	therapy
should	be	monitored	by	observing	 improvement	 in	 the	 signs	 and	 symptoms	of
the	infection.

MONTE	CARLO	SIMULATION
Monte	 Carlo	 simulation	 can	 be	 used	 to	 predict	 the	 ability	 to	 various	 dosing
regimens	 to	 achieve	 the	 required	 pharmacodynamic	 target	 or	 exposures	 (f
T>MIC	 for	 β-lactams)	 within	 a	 large	 simulated	 population.	 The	 simulation	 is
performed	 with	 the	 aid	 of	 a	 computer	 software	 program	 and	 utilizes	 a
semirandom	 number	 generator	 along	 with	 known	 population	 pharmacokinetic
parameter	 estimates	 and	 corresponding	 statistical	 distributions	 to	 generate
pharmacokinetic	parameter	values	that	are	then	used	to	construct	concentration-
time	profiles	for	each	simulated	patient	within	 the	simulated	population.	These
profiles	are	 then	analyzed	against	 the	 susceptibility	or	MIC	profile	 for	a	given
set	 of	 organisms.	 Using	 these	 data,	 the	 likelihood	 of	 achieving	 the
pharmacodynamic	target,	also	known	as	probability	of	target	attainment	(PTA),
can	be	calculated	 for	 the	entire	 simulated	population.27,28	Data	generated	 from
Monte	Carlo	simulation	have	been	used	in	guiding	empiric	dose	selection	for	the
development	of	clinical	treatment	pathways	and	protocols.

DRUG	STABILITY

Drug	stability	at	 room	temperature	 is	dependent	on	 the	particular	antimicrobial



agent	as	well	as	the	diluent	utilized	to	reconstitute.	Stability	issues	can	limit	what
type	of	infusion	can	be	initiated	(i.e.,	prolonged	vs.	continuous	infusion).	When
determining	 what	 infusion	 duration	 to	 utilize,	 the	 duration	 of	 time	 needed	 to
prepare,	store,	and	deliver	the	medication	must	be	taken	into	account	in	addition
to	 the	 infusion	 duration.	 Normally,	 the	 package	 insert	 for	 the	 antimicrobial
contains	the	most	conservative	estimate	of	stability,	while	other	research	studies
may	report	an	extended	stability	profile	for	the	agent	(Table	3-1).

TABLE	3-
1 Pharmacokinetic	Parameters	of	Select	β-Lactam	Antibiotics

CASE	1:	PIPERACILLIN/TAZOBACTAM	LOADING	DOSE
WR	 has	 cystic	 fibrosis	 and	 is	 admitted	 to	 the	 hospital	 with	 an	 acute
exacerbation.	He	has	a	history	of	 respiratory	Pseudomonas	aeruginosa	with	a
piperacillin/tazobactam	 MIC	 of	 32	 mcg/mL.	 Calculate	 a	 loading	 dose	 that
achieves	 a	 free	 serum	 concentration	 of	 at	 least	 32	 mcg/mL.	 WR	 is	 5	 foot,	 9
inches	and	weighs	59	kg.



Equation:	LD	=	(V)(C)/(S)(F)

Step	1:	Calculate	V.
Because	 the	 population	 pharmacokinetic	 value	 for	 volume	 of	 distribution	 in
Table	 3-1	 is	 normalized	 for	 weight	 (in	 L/kg),	 this	 value	 will	 need	 to	 be
multiplied	by	 the	patient’s	weight	 (in	kg)	 in	order	 to	calculate	 their	volume	of
distribution.

V	=	(0.15	L/kg)(59	kg)
V	=	8.85	L

Step	2:	Calculate	Ctotal.

Free	 drug	 concentration	 is	 calculated	 by	 multiplying	 the	 total	 desired
concentration	by	the	fraction	of	unbound	drug	(fu),	where	fu	=	(100	–	%	protein
binding)/100.

Cfree	=	Ctotal	×	fu

This	equation	can	be	rearranged	to	determine	the	total	concentration	needed
to	attain	a	specific	free	concentration.

Ctotal	=	Cfree/fu
Ctotal	=	(32	mcg/mL)/[(100	–	30)/100]

Ctotal	=	45.71	mcg/mL

Step	3:	Calculate	LD.

LD	=	(V)(C)/(S)(F)

Both	S	and	F	are	assumed	to	be	1.

LD	=	(8.85	L)(45.71	mcg/mL)

Convert	L	to	mL	and	mcg	to	mg.

LD	=	(8.85)(1,000/1)(45.71)(1	mg/1,000)
LD	=	404.53	mg

Convert	this	dose	to	g,	as	piperacillin/tazobactam	is	dosed	in	g.



										LD	=	404.53	(1	g/1,000)
										LD	=	0.405	g

Administering	 a	 loading	 dose	 followed	 by	 a	 maintenance	 dose	 (continuous
infusion)	allows	for	the	desired	steady-state	concentration	to	be	achieved	much
earlier	 in	 treatment.	The	 loading	dose	 for	WR	would	be	 rounded	up	 to	2.25	g
piperacillin/tazobactam,	which	 is	 only	 commercially	 available	 in	 fixed	 dosage
concentrations	 (1:8	 ratio	 of	 piperacillin/tazobactam)	 that	 include	 2	 g
piperacillin/0.25	 g	 tazobactam,	 3	 g	 piperacillin/0.375	 g	 tazobactam,	 and	 4	 g
piperacillin/0.5	 g	 tazobactam.	 (The	 dose	 is	 reported	 as	 the	 combination	 of	 the
two	 components	 thus	 2	 g	 piperacillin/0.25	 g	 tazobactam	 =	 2.25	 g
piperacillin/tazobactam.)	Due	 to	 these	 dosage	 restrictions,	 our	 answer	must	 be
rounded	 up	 the	 closest	 commercially	 available	 dose	 of	 2.25	 g
piperacillin/tazobactam.

CASE	2:	PIPERACILLIN/TAZOBACTAM	MAINTENANCE
DOSE
What	 continuous	 infusion	 dose	 would	 WR	 need	 to	 maintain	 an	 average	 free
concentration	of	32	mcg/mL?

Equation:	MD	=	(Cl)(Css	ave)(fu)(infusion	duration)/(S)(F)

Step	1:	Calculate	Cl.
Because	the	population	pharmacokinetic	value	for	clearance	provided	in	Table	3-
1	is	normalized	for	body	surface	area	(BSA,	in	mL/min/1.73	m2),	this	value	will
need	 to	 be	multiplied	 by	 the	 patient’s	 BSA	 (in	m2)	 in	 order	 to	 calculate	 their
clearance.



Step	2:	Calculate	MD.

MD	=	(Cl)(Ctotal)(infusion	duration)/(S)(F)

Both	S	and	F	are	assumed	to	be	1.

MD	=	(160.23	mL/min)(45.71	mcg/mL)(24	h)

Convert	min	to	h.
MD	=	(160.23)(60/1)(45.71	mcg)(24	h)
MD	=	10546723.15	mcg

Convert	mcg	to	g.

										MD	=	10546723.15	(1	g/1,000,000)
										MD	=	10.55	g

This	maintenance	dose	can	be	calculated	and	rounded	up	in	a	number	of	ways.
The	easiest	and	most	cost	effective	would	be	to	reconstitute	three	vials	of	4.5	g
piperacillin/tazobactam	to	equate	a	 total	of	13.5	g.	Another	option	would	be	to
give	 four	 vials	 of	 3.375	 g	 piperacillin/tazobactam	 to	 also	 equate	 13.5	 g.	 This
dose	 should	 be	 infused	 over	 the	 entire	 24	 hours	 to	 maintain	 the
piperacillin/tazobactam	free	concentration	above	32	mcg/mL.

CASE	3:	DRUG	INTERACTIONS
BA	is	a	57-year-old	woman	who	developed	VAP	while	intubated	in	the	ICU.	She
is	being	 treated	with	piperacillin/tazobactam	3.35	g	IV	q8h	over	4h.	Her	other
medications	are	as	follows:

Propofol	10	mcg/kg/min	IV
Enoxaparin	40	mg	IV	daily
Famotidine	20	mg	IV	q12h
KCL	40	mEq	IV	prn	per	protocol
Sliding	scale	insulin
Does	 piperacillin/tazobactam	 interact	 with	 any	 of	 her	 concurrent

medications?	If	so,	what	adjustments	need	to	be	made?
Piperacillin/tazobactam	 does	 not	 interact	 with	 any	 of	 BA’s	 concurrent

medications.	Few	medications	 interact	with	 the	beta-lactam	antibiotics	 that	 are



typically	 administered	 as	 continuous	 or	 prolonged	 infusions.	Probenecid	 is	 the
only	medication	 to	 date	 that	 has	 the	 ability	 to	 affect	 plasma	 concentrations	 of
beta-lactams,	because	probenecid	competes	with	these	agents	for	active	tubular
secretion,	 thus	 increasing	 the	 elimination	 half-life	 and	 plasma	 or	 serum
concentrations	of	beta-lactam	antibiotics.

CASE	4:	MEROPENEM	DOSING	IN	RENAL	FAILURE
NJ,	 a	 67-year-old	 female	 (5′3″,	 55	 kg)	 was	 receiving	meropenem	 1	 g	 every	 8
hours	 as	 a	 3-hour	 infusion	 for	 an	 intra-abdominal	 infection.	 Escherichia	 coli
with	a	meropenem	MIC	of	4	mcg/mL	has	been	 isolated	and	 identified	 from	an
abdominal	wash.	When	she	was	initiated	on	this	regimen,	her	serum	creatinine
(SCr)	 was	 0.8	 mg/dL;	 however,	 her	 condition	 has	 worsened	 and	 her	 serum
creatinine	has	 increased	 to	1.5	mg/dL.	Subsequently,	her	meropenem	dose	was
changed	 to	 500	 mg	 every	 12	 hours,	 but	 the	 debate	 is	 whether	 a	 traditional
infusion	 (1	 hour)	 or	 an	 extended	 infusion	 of	 3	 hours	 should	 be	 utilized.	What
percentage	of	the	dosing	interval	exceeds	the	MIC	(4	mcg/mL)	for	each	of	these
infusion	durations	and	which	infusion	duration	would	you	recommend?

Equations:

1.	C	=	[((S)(F)(Dose/tin))/(Cl)](1–e–kt1)

2.	C=	[((S)(F)(Dose/tin))/(Cl)](1–e–ktin)(e–kt2)

3.	t	=	(infusion	duration	–	t1)	+	t2
4.	%T>MIC	=	t/dosing	interval	×	100

The	 first	 equation	 allows	 you	 to	 solve	 for	 t1,	which	 is	 the	 time	 it	 takes	 to
reach	 the	MIC	during	 infusion.	This	value	 (t1)	 is	 subtracted	 from	 the	 infusion
duration	to	determine	the	actual	time	that	concentrations	remain	above	the	MIC
during	the	infusion.	The	second	equation	allows	you	to	solve	for	t2,	which	is	the
time	it	 takes	after	 the	 infusion	stops	for	 the	concentration	 to	return	 to	 the	MIC
due	 to	drug	elimination.	The	 third	equation	adds	 t1	 to	 t2,	 resulting	 in	 the	 total
time	 that	 concentrations	 remain	 above	 the	 MIC	 during	 infusion.	 Finally,	 the
fourth	 equation	 is	 used	 to	 determine	 the	%T>MIC,	 by	 dividing	 the	 total	 time
above	the	MIC	by	the	dosing	interval,	multiplied	by	100.

Step	1:	Calculate	Cl	using	population	pharmacokinetic	values.



Convert	to	L/hr.

Cl	=	(202.54)(1	L/1,000)(60/1	h)
Cl	=	12.15	L/h

Step	2:	Calculate	a	revised	Cl	based	on	renal	function.
The	clearance	calculated	from	the	population	pharmacokinetic	parameters	must
be	adjusted	to	reflect	NJ’s	reduced	renal	function.	In	order	to	calculate	a	revised
CL,	a	correction	factor	is	determined	from	the	following	equation:

Meropenem	 has	 one	 inactive	 metabolite,	 and	 70	 percent	 of	 the	 drug	 is
recovered	 in	urine	unchanged.	Thus,	 the	fraction	of	metabolic	clearance	 is	0.3,
whereas	the	fraction	of	renal	clearance	is	0.7.

Correction	factor	=	(0.3)	+	[(0.7)(0.8	mg/dL	/	1.5	mg/dL)]
Correction	factor	=	0.67
Therefore,	 NJ’s	 clearance	 should	 be	 67	 percent	 of	 the	 clearance	 calculated

using	population	pharmacokinetic	parameters.
Cladjusted	=	(Cl)(correction	factor)

Cladjusted	=	(12.15	L/h)(0.67)

Cladjusted	=	8.14	L/hr



Step	3:	Calculate	elimination	rate	constant	(K).
K	=	Cl/V
K	=	(8.14	L/h)/[(0.27	L/kg)(55	kg)]
K	=	0.55	h–1

Step	4:	Calculate	the	%f	T>MIC	for	a	1-hour	infusion.
a.	Because	the	pharmacodynamic	parameter	for	beta-lactams	that	best
correlates	with	efficacy	is	the	percentage	of	the	dosing	interval	that	free
drug	concentration	remains	above	the	MIC,	the	total	drug	concentration
corresponding	to	a	free	drug	concentration	of	4	mcg/mL	(the	MIC)	must
be	calculated	for	use	in	subsequent	equations.	The	range	of	%	protein
binding	given	in	Table	3-1	is	2	to	15	percent;	we	will	use	15	percent	in
these	calculations	in	order	to	produce	the	most	conservative	estimate,	or
worst-case	scenario,	of	%f	T>MIC	with	each	infusion.

Ctotal	=	Cfree/fu
Ctotal	=	(4	mcg/mL)/[(100	–	15)/100]

Ctotal	=	4.71	mcg/mL

b.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	during	the	infusion	by	solving	the	following	equation	for	t1.	Since
we	determined	that	the	MIC	of	4	mcg/mL	corresponds	to	a	total	drug
concentration	of	4.71	mcg/mL,	we	will	use	this	value	for	C.	Again,	S	and
F	are	both	assumed	to	equal	1.



c.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	after	the	infusion	has	ended	by	solving	the	following	equation	for
t2.

d.	Calculate	the	total	time	in	hours	that	concentration	remains	above	the
MIC.

t	=	(infusion	duration	–	t1)	+	t2



t	=	(1	–	0.15	h)	+	3.02	h
t	=	3.87	h

e.	Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	3.87	h/12	h	×	100
%f	T>MIC	=	32.3	%	of	the	dosing	interval

Step	5.	Calculate	the	%f	T>MIC	for	a	3-hour	infusion.
a.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	during	the	infusion	by	solving	the	following	equation	for	t1.

b.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	after	the	infusion	has	ended	by	solving	the	following	equation	for
t2.



c.	Calculate	the	total	time	in	hours	that	concentration	remains	above	the
MIC.
t	=	(infusion	duration	–	t1)	+	t2
t	=	(3	–	0.47	h)	+	2.31	h
t	=	4.84	h

d.	Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	4.84	h/12	h	×	100
%f	T>MIC	=	40.33	%	of	the	dosing	interval

Because	 meropenem	 belongs	 to	 the	 carbapenem	 class	 of	 beta-lactams,	 a	 %f
T>MIC	 of	 40	 percent	 is	 needed	 for	 maximal	 bacterial	 activity,	 thus	 the	 most
appropriate	 regimen	 for	NJ	 is	meropenem	500	mg	every	12	hours	 as	 a	 3-hour
infusion.

CASE	5:	CEFEPIME	DOSING	IN	HEMODIALYSIS
FT	 is	 a	 68-year-old,	 50	 kg	 woman	with	 end-stage	 renal	 disease	 and	 a	 serum
creatinine	 of	 8	 mg/dL.	 She	 normally	 undergoes	 hemodialysis	 treatments	 three
times	 a	 week,	 and	 her	 last	 treatment	 was	 3	 days	 ago.	 She	 has	 suspected
urosepsis	and	one	dose	of	cefepime	1,000	mg	intravenously	was	administered	24
hours	ago.	Calculate	an	appropriate	replacement	dose	for	FT	of	cefepime	after



dialysis,	which	is	schedule	for	later	today.

Equation:	Dose	=	(V)(ΔC)/(S)(F)

Step	1.	Determine	the	maximum	concentration	(Cmax)	for	the	previous	dose.

Cefepime	 is	primarily	 excreted	by	 the	kidneys,	 and	 therefore,	 those	with	 renal
dysfunction,	 especially	 end-stage	 renal	 disease,	 have	 prolonged	 half-lives.	 An
average	 half-life	 (t½)	 in	 patients	 requiring	 hemodialysis	 is	 13.5	 hours,	 and	 19
hours	in	those	requiring	continuous	peritoneal	dialysis.	Also,	it	is	recommended
that	on	hemodialysis	days,	cefepime	should	be	administered	after	completion	of
hemodialysis.	 Approximately	 68	 percent	 of	 the	 total	 cefepime	 present	 in	 the
body	 at	 the	 start	 of	 hemodialysis	 will	 be	 removed	 during	 a	 3-hour	 dialysis
period.	To	determine	how	much	is	lost	during	dialysis,	we	first	need	to	determine
the	Cmax	 after	 one	 dose	 followed	 by	 the	 predialysis	 concentration	 in	 order	 to
determine	the	postdialysis	concentration.	Again,	S	and	F	are	equal	to	1.

C0	=	(S)(F)(Loading	dose)/V

C0	=	(1,000	mg)/(0.16	L/kg	×	50	kg)

C0	=	125	mg/L

Step	2.	Determine	the	predialysis	concentration	(Cpredialysis).

The	 initial	 concentration	 after	 the	 dose	 can	 be	 used	 to	 determine	 the
concentration	prior	to	initiating	dialysis.

Cpredialysis	=	C0(e–kt)

a.	Calculate	K	for	use	in	the	preceding	equation.
K	=	0.693/t½
K	=	0.693/13.5	h
K	=	0.051	h–1

b.	Solve	for	Cpredialysis.

Cpredialysis	=	125	mg/L(e–0.051	h
–1	×	24	h)

Cpredialysis	=	125	mg/L(0.294)
Cpredialysis	=	36.8	mg/L

Step	3.	Determine	the	postdialysis	concentration	(Cpostdialysis).



If	 the	 plasma	 concentration	 declines	 by	 approximately	 68	 percent	 due	 to
hemodialysis,	the	postdialysis	concentration	will	be	32	percent	of	the	predialysis
concentration.

Cpostdialysis	=	(36.8	mg/L)(0.32)
Cpostdialysis	=	11.8	mg/L

Step	4.	Calculate	a	replacement	dose.
If	a	replacement	dose	is	desired	at	this	point,	the	dose	can	be	calculated	by	using
the	following	equation:

Dose	=	(V)(ΔC)/(S)(F)
Dose	=	(0.16	L/kg	×	50	kg)(125	mg/L	–	11.8	mg/L)
Dose	=	(8	L)(113.2	mg)
Dose	=	905.6	mg

Because	905.6	mg	is	not	a	standard	dose	available	for	cefepime,	this	amount	can
be	 rounded	 up	 to	 1,000	 mg.	 Additionally,	 because	 the	 patient	 is	 receiving
hemodialysis	every	two	days,	this	dose	could	be	divided	by	two	and	given	daily
(on	 hemodialysis	 days,	 administer	 after	 hemodialysis	 is	 completed).	 Cefepime
500	 mg	 once	 daily	 is	 consistent	 with	 the	 current	 prescribing	 information
recommendations	for	those	undergoing	hemodialysis.	(You	can	double-check	the
resultant	maximum	concentration	 and	minimum	concentration	without	 dialysis
by	 the	 preceding	 equations).	A	 similar	 approach	 can	 be	 used	 to	 determine	 the
dosing	needs	on	any	particular	day	and	dialysis	schedule.	The	actual	amount	of
drug	loss	will	depend	on	the	individual	patient	intrinsic	clearance,	volume,	time
since	 last	 dose,	 duration	 of	 hemodialysis,	 and	 efficiency	 of	 the	 dialysis
treatment.

CASE	6:	CEFEPIME	DOSING	IN	CONTINUOUS	RENAL
REPLACEMENT	THERAPY	(CRRT)
FT	 is	now	hemodynamically	unstable	and	hemodialysis	has	been	discontinued.
She	 is	 to	 be	 initiated	 on	 CRRT	 with	 an	 ultrafiltration	 rate	 of	 1.5	 L/hr.	 How
should	 her	 cefepime	 dose	 be	 changed	 to	 result	 in	 the	 same	 average
concentration	as	when	she	was	on	hemodialysis?

Equation:	Maintenance	Dose	=	(Cl)(Css	ave)(dosing	interval)/(S)(F)



Step	1.	Calculate	the	average	concentration	(Css	ave)	that	resulted	from	her
last	dose.
First,	 we	 need	 to	 calculate	 the	 average	 concentration	 that	 resulted	 from	 her
cefepime	500	mg	once	daily	dose	during	hemodialysis.	This	calculation	is	made
with	the	following	equation:

Css	ave	=	(S)(F)(Dose/dosing	interval)/Cl

S	and	F	can	be	assumed	to	be	1	and	Cl	=	(K)(V).

Css	ave	=	(Dose/dosing	interval)/(k)(V)

Css	ave	=	(500	mg/24	h)/(0.051	h–1)(0.16	L/kg)(50	kg)

Css	ave	=	51.05	mg/L

Step	2.	Determine	the	rate	of	cefepime	clearance	from	CRRT.
Using	an	unbound	fraction	of	0.8	(from	Table	3-1),	we	can	estimate	 the	CRRT
clearance.

ClCRRT	Maximum	=	(fu)(CRRT	flow	rate)

ClCRRT	Maximum	=	(0.8)(1.5	L/h)

ClCRRT	Maximum	=	1.2	L/h

Step	3.	Determine	her	total	cefepime	clearance.
The	 total	cefepime	clearance	would	be	 the	sum	of	 the	clearance	by	CRRT	and
the	estimated	intrinsic	clearance.

Step	4.	Calculate	her	elimination	rate	constant	and	half-life	while	on	CRRT.



This	calculation	of	a	half-life	of	3.5	hours	is	slightly	higher	than	the	population
average	of	2.1	hours,	but	much	less	than	the	average	half-life	for	those	receiving
hemodialysis.	Based	on	this	information,	we	can	use	the	following	equations	to
determine	an	appropriate	dosing	regimen.

Step	5.	Calculate	her	new	dose.

MD	=	(Cl)(Css	ave)(dosing	interval)/(S)(F)

Both	 S	 and	 F	 can	 be	 assumed	 to	 be	 1.	 Additionally,	 because	 her	 half-life	 on
CRRT	 is	 similar	 to	 those	 with	 normal	 kidney	 function,	 we	 can	 determine	 the
dose	to	be	given	using	either	an	8-hour	or	12-hour	dosing	interval.

a.	Calculate	a	q8h	dose.
MD	=	(1.61	L/h)(51.05	mg/L)(8	h)
MD	=	657.52	mg

This	dose	would	be	 rounded	 to	750	mg	every	8	hours.	Now	 let’s	 see	what	 the
maintenance	dose	would	be	if	it	was	to	be	administered	every	12	hours.

b.	Calculate	a	q12h	dose.
MD	=	(1.61	L/h)(51.05	mg/L)(12	h)
MD	=	986.29	mg

This	dose	would	be	rounded	to	1,000	mg	every	12	hours.	Either	of	these	dosing
intervals	would	be	appropriate;	however,	1,000	mg	every	12	hours	involves	less
rounding	of	the	dose	to	maintain	the	same	average	steady-state	concentrations	of
cefepime.



CASE	7:	DOSING	CONSIDERATIONS	IN	THE	CRITICALLY
ILL
SH	is	a	67-year-old	male	who	was	transferred	to	the	ICU	five	days	ago	and	has
been	 on	 mechanical	 ventilation	 since	 the	 day	 of	 his	 ICU	 admission.	 He	 was
recently	diagnosed	with	VAP	and	has	become	septic.	He	weighs	81	kg	as	of	this
morning,	 and	 his	 renal	 function	 was	 normal.	 His	 most	 recent	 sputum	 culture
grew	P.	 aeruginosa.	 Sensitivity	 data	 are	 not	 yet	 available,	 but	 your	 institution
has	 recently	 seen	a	number	of	P.	aeruginosa	 infections	with	higher	MICs.	The
attending	 physician	 just	 wrote	 an	 order	 for	 cefepime	 2	 g	 every	 12	 hours	 at	 a
standard	30-minute	infusion.	Will	this	regimen	cover	P.	aeruginosa	up	to	an	MIC
of	16	mcg/mL?	Should	the	infusion	time	be	extended	to	3	hours?
Before	calculating	the	%f	T>MIC	to	determine	whether	either	of	these	doses

can	 achieve	 the	 appropriate	 pharmacodynamic	 target,	 the	 effect	 that	 critical
illness	can	have	on	beta-lactam	pharmacokinetics	must	be	considered.	Critically
ill	patients	often	have	altered	volumes	of	distribution.	An	increase	in	volume	of
distribution	is	most	common	and	occurs	as	a	result	of	extravascular	fluid	shifts
secondary	to	sepsis,	but	can	also	be	observed	with	other	disease	states	such	as
congestive	 heart	 failure,	 renal	 failure,	 and	 severe	 burns.	 We	 know	 that	 SH	 is
septic	 and	 likely	 has	 an	 increased	 volume	 of	 distribution.	 The	 volume	 of
distribution	for	cefepime	from	a	population	pharmacokinetic	study	conducted	in
critically	 ill	 patients	 was	 0.26	 L/kg,	 which	 is	 much	 higher	 than	 the	 value
reported	 in	 healthy	 volunteers,	 0.16	 L/kg.29	 The	 following	 equations	 will	 be
utilized	to	calculate	%f	T>MIC	for	each	regimen.

Step	1:	Calculate	Cl	using	population	pharmacokinetic	values.

Convert	to	L/hr.
Cl	=	(83.24)(1	L/1,000	mL)(60	min/1	h)



Cl	=	4.99	L/h

Step	2:	Calculate	volume	of	distribution	(V).
V	=	(0.26	L/kg)(81	kg)
V	=	21.06	kg

Step	3:	Calculate	elimination	rate	constant	(K).
K	=	Cl/V
K	=	(4.99	L/h)/(21.06	L)
K	=	0.24	h–1

Step	4:	Calculate	the	%f	T>MIC	for	the	30-minute	infusion.
a.	Calculate	the	total	drug	concentration	corresponding	to	a	free	drug
concentration	of	32	mcg/mL	(the	MIC	of	interest)	for	use	in	subsequent
equations.	The	protein	binding	of	cefepime	(20%)	is	given	in	Table	3-1.
Ctotal	=	Cfree/fu
Ctotal	=	(16	mcg	/	mL)/[(100	–	20)/100]
Ctotal	=	20	mcg/mL

b.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	during	the	infusion	by	solving	the	following	equation	for	t1.	S	and	F
are	both	assumed	to	equal	1.



c.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	after	the	infusion	has	ended	by	solving	the	following	equation	for
t2.

d.	Determine	the	total	amount	of	time	that	free	drug	concentrations	remain



above	the	MIC.
t	=	(infusion	duration	–	t1)	+	t2
t	=	(0.5	–	0.11	h)	+	6.13	h
t	=	6.52	h

e.	Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	6.52	h/12	h	×	100
%f	T>MIC	=	54.33%	of	the	dosing	interval

Step	5:	Calculate	the	%f	T>MIC	for	the	3-hour	infusion.
a.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	during	the	infusion	by	solving	the	following	equation	for	t1.	S	and	F
are	both	assumed	to	equal	1.

b.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	after	the	infusion	has	ended	by	solving	the	following	equation	for
t2.



c.	Determine	the	total	amount	of	time	that	free	drug	concentrations	remain
above	the	MIC.
t	=	(infusion	duration	–	t1)	+	t2
t	=	(3	–	0.67	h)	+	5.17	h
t	=	7.5	h

d.	Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	7.5	h/12	h	×	100
%f	T>MIC	=	62.5%	of	the	dosing	interval

Because	cefepime	is	a	cephalosporin,	a	%f	T>MIC	of	50–70	percent	 is	needed
for	maximal	antibacterial	activity.	Both	 regimens	 result	 in	a	%f	T>MIC	 that	 is
within	this	range,	however,	the	3-hour	infusion	has	a	slightly	higher	%f	T>MIC
and	would	be	the	better	option.

CASE	8:	DOSING	IN	OBESE	OR	UNDERWEIGHT	PATIENTS
ND,	a	52-year-old	morbidly	obese	male,	weighing	171	kg,	was	admitted	 to	 the
hospital	for	IV	antibiotics	and	management	of	a	recurrent	diabetic	foot	infection
on	 his	 right	 great	 toe.	 The	 wound	 was	 cultured	 in	 the	 operating	 room	 upon
admission	 and	 initial	 surgical	 debridement,	 which	 grew	 P.	 aeruginosa	 with	 a
piperacillin/tazobactam	MIC	of	16	mcg/mL.	Additionally,	an	X-ray	of	 the	 limb



shows	possible	osteomyelitis.	He	 is	 currently	 receiving	piperacillin/tazobactam
4.5	 g	 IV	 q8h,	 which	 is	 being	 given	 as	 a	 30-minute	 infusion.	 Is	 this	 dose
adequate?	 Would	 decreasing	 the	 dosing	 interval	 to	 q6h	 help?	 How	 about
extending	the	infusion	time	to	4	hours?
The	 pharmacokinetics	 of	 the	 beta-lactam	 agents	 that	 are	 often	 given	 as

prolonged	 or	 continuous	 infusions	 have	 not	 been	 widely	 studied	 in	 obese
patients.	Several	older	cephalosporin	agents	that	are	no	longer	commonly	used
have	 been	 studied	 in	 obese	 patients,	 where	 increases	 in	 both	 volume	 of
distribution	 and	 clearance	 were	 observed,	 necessitating	 larger	 doses	 in	 this
patient	population.30-31	To	date,	one	case	report	has	been	published	describing
the	 alterations	 in	 piperacillin/tazobactam	 pharmacokinetics	 observed	 in	 one
obese	patient.32	The	39-year-old,	167	kg,	obese	male	had	an	increased	volume	of
distribution	 (0.33	 L/kg	 based	 on	 total	 body	 weight)	 and	 a	 longer	 elimination
half-life	(1.4	hours).	Likewise,	meropenem	pharmacokinetics	have	been	studied
in	nine	obese	patients,	where	a	38	percent	increase	in	volume	of	distribution	and
a	 28	 percent	 increase	 in	 clearance	 were	 noted	 over	 corresponding	 values	 in
normal	weight	controls.33

Step	1:	Calculate	Cl	using	population	pharmacokinetic	values.
Despite	the	fact	 that	 the	pharmacokinetics	of	piperacillin/tazobactam	have	only
been	 described	 in	 one	 obese	 subject	 to	 date,	 no	 data	 describe	 obesity-related
alterations	 in	 clearance.	 Therefore,	 we	 will	 calculate	 the	 Cl	 using	 the	 values
derived	from	normal	weight	subjects	in	Table	3-1.

Convert	to	L/hr.
Cl	=	(336.07)(1	L/1,000)(60/1	h)
Cl	=	20.16	L/h

It	is	also	important	to	note	that	this	clearance	is	similar	to	the	clearance	reported



in	the	case	study	described	above	(26.57/h).

Step	2:	Calculate	volume	of	distribution	(V).
We	will	calculate	volume	of	distribution	using	the	value	listed	in	Table	3-1	from
normal	weight	 patients,	 as	well	 as	 the	 value	 from	 the	 case	 report	 in	 an	 obese
patient	for	comparison.
From	Table	3-1:

V	=	(0.15	L/kg)(171	kg)
V	=	25.65	kg
	

From	obesity	case	report:

V	=	(0.33	L/kg)(171	kg)
V	=	56.43	L

We	will	use	a	value	of	56.43	L	moving	forward	for	this	patient,	because	of	the
evidence	that	suggests	an	increased	volume	of	distribution	in	obese	patients	for
piperacillin/tazobactam,	as	well	as	a	number	of	other	beta-lactams.

Step	3:	Calculate	elimination	rate	constant	(K).
K	=	Cl/V
K	=	(20.16	L/h)/(56.43	L)
K	=	0.36	h–1

Step	4:	Calculate	the	%f	T>MIC	for	the	30-minute	infusion.
a.	Calculate	the	total	drug	concentration	corresponding	to	a	free	drug
concentration	of	16	mcg/mL	(the	MIC	of	interest)	for	use	in	subsequent
equations.	The	protein	binding	of	piperacillin/tazobactam	(35%)	is	given
in	Table	3-1.
Ctotal	=	Cfree/fu
Ctotal	=	(16	mcg/mL)/[(100	–	35)/100]
Ctotal	=	24.62	mcg/mL

b.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	during	the	infusion	by	solving	the	following	equation	for	t1.	S	and	F
are	both	assumed	to	equal	1.



c.	Determine	the	time	that	the	free	drug	concentration	remains	above	the
MIC	after	the	infusion	has	ended	by	solving	the	following	equation	for
t2.

d.	Determine	the	total	amount	of	time	that	free	drug	concentrations	remain



above	the	MIC.
t	=	(infusion	duration	–	t1)	+	t2
t	=	(0.5	–	0.17	h)	+	3	h
t	=	3.33	h

e.	Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	3.33	h/8	h	×	100
%f	T>MIC	=	41.6%	of	the	dosing	interval

A	f	T>MIC	of	41.6	percent	is	less	than	the	target	need	for	maximal	antibacterial
activity	of	50	percent.	Therefore,	a	dose	of	4.5	g	q8h	administered	as	30-minute
infusion	is	not	adequate	for	this	patient.

Step	5.	Calculate	the	%f	T>MIC	for	a	4.5	g	q6h	regimen.
Because	 we	 know	 that	 the	 amount	 of	 time	 that	 the	 free	 drug	 concentration
remains	above	the	MIC	following	a	4.5	g	dose	in	this	patient	is	3.33	hours,	we
can	simply	divide	 this	value	by	 the	new	dosing	 interval	 (6	hours)	 to	obtain	%f
T>MIC.

%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	3.33	h/6	h	×	100
%f	T>MIC	=	55.5%	of	the	dosing	interval

A	regimen	of	4.5	g	IV	q6h	as	a	30-minute	infusion	would	be	appropriate	as	the
%f	T>MIC	target	of	50	percent.

Step	6.	Calculate	the	%f	T>MIC	for	a	4.5	g	q8h	regimen,	administered	as	a
4-hour	infusion.

a.



b.

c.
t	=	(infusion	duration	–	t1)	+	t2
t	=	(4	h	–	1.61	h)	+	1.50	h



t	=	3.89	h
d.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	3.89	h/8	h	×	100
%f	T>MIC	=	48.6%	of	the	dosing	interval

While	prolonging	 the	 infusion	 time	from	30	minutes	 to	4	hours	 increased	 the	 f
T>MIC	 from	41.6	percent	 to	48.6	percent,	 it	was	not	 sufficient	 to	 achieve	 the
target	of	50	percent.	The	best	 regimen	 for	 this	patient	would	be	 to	 shorten	 the
dosing	 interval	 to	 4.5	 g	 IV	 q6h	 or	 less.	An	 adequate	 prolonged	 infusion	 dose
could	also	be	calculated.

CASE	9:	DORIPENEM	DOSING	AND	DETERMINING	NEED
FOR	PROLONGED	INFUSION
AS	 is	 44-year-old	 female	 with	 a	 complicated	 urinary	 tract	 infection.	 Her	 last
urine	culture	grew	Klebsiella	pneumoniae	with	a	doripenem	MIC	of	4	mcg/mL.
She	is	currently	receiving	doripenem	500	mg	IV	q8h.	She	weighs	80	kg	and	has
good	 renal	 function.	Calculate	 the	%f	T>MIC	achieved	with	 this	 regimen	 and
determine	whether	this	dose	is	adequate	for	the	treatment	of	her	infection.

Convert	to	L/hr.





t	=	(infusion	duration	–	t1)	+	t2
t	=	(1	–	0.17	h)	+	1.97	h
t	=	2.8	h

Calculate	the	%f	T>MIC.
%f	T>MIC	=	t/dosing	interval	×	100
%f	T>MIC	=	2.8	h/8	h	×	100
%f	T>MIC	=	35%	of	the	dosing	interval

A	f	T>MIC	of	35	percent	 is	 less	 than	 the	 target	need	for	maximal	antibacterial
activity	with	a	carbapenem	of	40	percent.	A	prolonged	high-dose	infusion	would
likely	be	needed	in	order	to	achieve	this	target.

CASE	10:	PIPERACILLIN/TAZOBACTAM	CONTINUOUS
INFUSION	DOSING
PJ,	 a	 90	 kg,	 5′6″	 male	 who	 was	 initiated	 on	 2.25	 g	 piperacillin/tazobactam
loading	 dose	 followed	 by	 a	 9	 g	 continuous	 infusion	 over	 24	 hours	 for	 the
treatment	of	sepsis	caused	by	P.	aeruginosa	with	a	piperacillin/tazobactam	MIC
of	32	mcg/mL.	What	concentration	will	 these	doses	attain	at	20	hours	and	will
this	 concentration	 be	 sufficient	 for	 free	 concentrations	 to	 be	 above	 the	 MIC
during	the	entire	infusion?	If	not,	what	dose	will	be	needed?

This	 equation	 adds	 the	 amount	 of	 drug	 remaining	 at	 20	 hours	 from	 the
loading	dose	to	the	steady-state	concentration	(at	20	hours)	from	the	continuous
infusion.	 Again	 S	 and	 F	 can	 be	 assumed	 to	 be	 1.	 At	 20	 hours,	 little	 to	 no
concentration	 is	expected	 to	 remain	from	the	 loading	dose,	 thus	 this	portion	of
the	equation	can	be	removed.	It	has	been	calculated	here	for	confirmation	that	it
does	not	contribute	to	the	concentration	at	20	hours.

C20	=	[(2250	mg)/((0.15	L/kg)(90	kg))(e–0.866	h
–1	×	20	h)]

C20	=	[((166.67	mg/L)(e–17.3)]

C20	=	0.000005	mg/L
As	 expected,	 this	 result	 did	 not	 contribute	 any	 sizable	 portion	 to	 the	 overall



concentration	 at	 20	 hours.	 Only	 the	 concentration	 that	 remains	 from	 the
continuous	infusion	will	need	to	be	determined.

C20	=	(S)(F)(Dose/infusion	duration)/(Cl)(1–e–kt)
Because	K	=	0.693/t½,	K	can	be	calculated	using	the	parameters	from	Table

3-1.

To	 determine	 the	 free	 concentration,	 the	 fraction	 unbound	 needs	 to	 be
multiplied	by	this	concentration.

C20free	=	29.2	mg/L	×	0.7

C20free	=	20.4	mg/L

Because	20.4	mg/L	(mcg/mL)	is	not	sufficient	to	treat	this	organism	with	an
MIC	of	32	mcg/mL,	a	larger	dose	will	be	needed.	To	determine	what	dose,	the
following	equation	can	be	used	to	calculate	the	maintenance	dose	needed.

MD	=	(Cl)(Css	ave)(fu)(infusion	duration)/(S)(F)

If	you	remember	from	case	#2,	the	equation	can	be	rearranged	so	Css	ave	×	fu
equals	Ctotal,	and	the	total	drug	needed	to	attain	a	free	concentration	of	32	mg/L
can	be	calculated.	Also,	his	BSA	needs	to	be	calculated.



This	 dose	 should	 be	 rounded	 up	 to	 18	 g	 (four	 vials	 of	 the	 4.5	 g
piperacillin/tazobactam)	and	be	infused	over	24	hours.

CASE	11:	MEROPENEM	PROLONGED	INFUSION	DOSING
CB	 is	 a	 27-year-old	 female	 with	 cystic	 fibrosis	 and	 Acinetobacter	 baumannii
pneumonia	with	a	meropenem	MIC	of	16.	Her	team	of	physicians	just	asked	you
to	 assist	 with	 dosing	 her	 meropenem.	 They	 know	 she	 will	 need	 a	 prolonged
infusion	regimen,	but	are	unsure	as	to	what	dose	to	give.	Half	of	the	team	wants



to	give	1	g	q8h	and	the	rest	want	to	give	2	g	q8h.	She	is	5′10″	and	weighs	59	kg.
Which	regimen	would	be	the	most	appropriate?

Calculate	her	BSA,	clearance,	and	volume	of	distribution.

Convert	to	L/hr.

Calculate	the	total	drug	concentration	corresponding	to	the	MIC.
Ctotal	=	Cfree/fu
Ctotal	=	(16	mcg/mL)/[(100	–	15)/100]

Ctotal	=	18.82	mcg/mL
Calculate	the	%f	T>MIC	for	the	1	g	q8h	regimen	as	a	3-hour	infusion.



C	=	[((S)(F)(Dose/tin))/(Cl)](1–e–kt1)





Calculate	the	%f	T>MIC	for	the	2	g	q8h	regimen	as	a	3-hour	infusion.





Only	 the	 2	 g	 dose	 q8h	 as	 a	 3-hour	 infusion	 exceeds	 the	 40%	 f	 T>MIC	 target
needed	 for	maximal	 antibacterial	 activity	 for	 carbapenems,	 therefore,	 this	dose
would	be	correct.
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REVIEW	OF	SECOND-GENERATION/NEWER
AGENTS

PLACE	IN	THERAPY

The	advent	of	 the	 second-generation	antiepileptic	drugs	ushered	 in	a	period	of
improved	 management	 of	 patients	 with	 epilepsy.	 The	 introduction	 of	 these
agents	 began	 in	 1993	 and	 greatly	 expanded	 the	 available	 epilepsy	 treatment
options.	 Currently,	 11	 second-generation	 antiepileptic	 drugs	 (AEDs)	 are
approved	 for	 use	 in	 the	 United	 States.	 Table	 4-1	 provides	 a	 summary	 of	 the
available	second-generation	AEDs.	Due	to	the	regulations	of	the	Food	and	Drug
Administration	(FDA)	with	respect	to	studying	AEDs	in	the	United	States,	many
of	these	agents	are	 initially	approved	as	adjunctive	agents.	In	essence,	 they	are
added	to	an	established	therapeutic	regimen	of	patients	being	managed	primarily
with	 a	 first-generation	AED	 (i.e.,	 carbamazepine,	 phenobarbital,	 phenytoin,	 or
valproic	acid).	Most	of	 them	are	approved	 for	use	as	adjunctive	 therapy	 in	 the
management	 of	 partial	 seizures	 with	 or	 without	 secondary	 generalization,
primary	generalized	tonic-clonic	seizures,	or	myoclonic	seizures.	As	more	data
emerge,	monotherapy	approval	for	 these	agents	may	be	pursued	and	the	use	of
these	 agents	 will	 inevitably	 be	 expanded	 in	 clinical	 practice.	 At	 times,	 these
agents	may	also	be	used	for	nonepileptic	purposes.	For	example,	gabapentin	and
pregabalin,	 while	 initially	 used	 for	 seizure	 management,	 are	 used	 almost



exclusively	 today	 for	 the	 management	 of	 neuropathic	 pain	 and	 other	 pain
syndromes.

TABLE	4-
1 Summary	of	Second-Generation	Antiepileptic	Drugs









AED,	antiepileptic	drug;	FDA,	Food	and	Drug	Administration;	NMDA,	N-methyl-D-aspartate;	GABA,
gamma	aminobutyric	acid;	CBZ,	carbamazepine;	PB,	phenobarbital;	PHT,	phenytoin;	VPA,	valproic	acid;
PRM,	primidone;	TC,	tonic-clonic;	yrs,	years;	HD,	hemodialysis;	ClCr,	creatinine	clearance;	SJS,	Stevens-
Johnson	syndrome;	TEN,	toxic	epidermal	necrolysis;	MD,	maintenance	dose;	ESRD,	end-stage	renal
disease;	ODT,	orally	disintegrating	tablet;	NA,	not	applicable.

ADVANTAGES/DISADVANTAGES
Prior	 to	 the	 approval	 of	 the	 second-generation	 AEDs	 and	 for	 most	 of	 the
twentieth	century,	the	management	of	epilepsy	was	limited	to	only	a	few	AEDs.
Although	the	first-generation	AEDs	are	undoubtedly	efficacious,	clinically,	these
drugs	 are	 problematic	 from	 both	 prescriber	 and	 patient	 points	 of	 view.	 The
management	 of	 patients	 with	 these	 agents	 (i.e.,	 carbamazepine,	 phenobarbital,
phenytoin,	and	valproic	acid)	continues	to	be	fraught	with	challenges	due	to	their
toxicity,	the	complex	nature	of	their	kinetic	profiles,	adverse	effects,	the	need	for
therapeutic	 drug	 monitoring,	 and	 the	 cross-reactivity	 of	 hypersensitivity
reactions.1	The	second-generation	AEDs	generally	tends	to	be	more	predictable
from	a	kinetic	standpoint	and	have	a	cleaner	adverse	event	profile	compared	to
their	 first-generation	 counterparts,	 making	 them	 an	 attractive	 advantageous
therapeutic	option.

Globally,	 the	 second-generation	 AEDs	 offer	 a	 number	 of	 specific
pharmacokinetic	 advantages	 when	 compared	 with	 the	 first-generation	 AEDs.
First,	oral	absorption	of	the	second-generation	agents	tends	to	be	complete	(with
the	exception	of	gabapentin),	which	is	in	contrast	with	the	saturable	absorption
properties	of	phenytoin	that	at	times	may	complicate	a	patient’s	oral	regimen.	In
addition,	 concomitant	 administration	 with	 food	 appears	 to	 slow	 the	 oral
absorption	of	 the	majority	of	 the	second-generation	AEDs	delaying	the	time	to
the	 maximum	 concentration	 (Cmax),	 but	 has	 little	 to	 no	 effect	 on	 extent	 of
absorption	 (i.e.,	 bioavailability).2	 This	 aspect	 is	 noteworthy	 from	 a	 patient
counseling	perspective	and	may	be	advantageous	from	a	medication	adherence
perspective	as	well.

The	 issue	of	 plasma	protein	binding	 also	plays	 a	 less	 prominent	 role	 in	 the
management	of	 the	 second-generation	AEDs.	A	number	of	 the	 first-generation
agents	 are	 significantly	 bound	 to	 plasma	 protein,	 namely	 albumin,	 which	 can
lead	 to	 difficulties	 in	 interpreting	 total	 concentrations.	 Significant	 drug
interactions	 or	 potential	 toxicities	may	 occur	when	 other	 highly	 protein-bound
medications	 are	 added	 to	 a	 patient’s	 regimen	 secondary	 to	 displacement.	 The
relatively	low	degree	of	plasma	protein	binding	of	the	second-generations	AEDs
decreases	the	risk	of	significant	protein	binding	interactions,	simplifying	the	use



of	 these	 agents	with	 other	 highly	 protein-bound	medications.	 Tiagabine	 is	 the
sole	exception	to	the	low	protein	binding	characteristic.	More	details	describing
the	individual	agents	can	be	found	in	Table	4-2.

TABLE	4-
2

Pharmacokinetic	Parameters	of	Second-Generation
Antiepileptic	Drugs





AED,	antiepileptic	drug;	FDA,	Food	and	Drug	Administration.

Second-generation	 AEDs	 have	 significantly	 fewer	 drug-drug	 interactions
because	they	have	little	to	no	effect	on	the	activity	of	hepatic	metabolic	enzymes
except	 for	 felbamate,	 topiramate,	 and	 oxcarbazepine,	 which	 mildly	 inhibit
CYP450	 2C19	 and	 induce	 3A4	 isoenzymes	 (see	 Table	 4-3)	 In	 addition,
lamotrigine	monotherapy	 is	 the	 only	 second-generation	AED	 that	 is	 known	 to
autoinduce	its	own	metabolism.	In	contrast,	many	of	 the	first-generation	AEDs
affect	the	hepatic	metabolism	of	other	AEDs	as	well	as	non-AED	medications	in
a	patient’s	regimen.	For	example,	phenytoin,	phenobarbital,	and	carbamazepine
induce	specific	isoenzymes	of	the	P450	system	that	can	alter	the	concentrations
of	second-generation	AEDs	and	non-AED	substrates.	This	effect	 is	particularly
important	for	drugs	with	a	narrow	therapeutic	index,	such	as	proteases	inhibitors,
oral	contraceptives,	and	antirejection	agents	(i.e.,	cyclosporine	and	tacrolimus),
to	 name	 a	 few.	 Thus,	 the	 potential	 for	 drug-drug	 interactions	 via	 metabolic
pathways	is	minimized,	which	is	an	advantage	when	selecting	second-generation
AED	for	a	patient	currently	on	non-AED	medications	that	are	substrates	of	the
cytochrome	 P450	 system.	 Routine	 therapeutic	 drug	 monitoring	 is	 not
recommended	 for	 second-generation	AEDs	 because	 clinical	 trials	 to	 date	 have
not	 been	 able	 to	 determine	 an	 actual	 therapeutic	 range.	 However,	 therapeutic
drug	monitoring	may	be	of	particular	benefit	in	unique	settings	including	in	the
management	of	toxicity,	drug-drug	interaction,	and	patient	compliance.	Without
well-established	 correlations	 between	 drug	 concentrations	 and	 clinical	 efficacy
or	toxicity,	concentrations	must	be	interpreted	with	caution	and	correlated	with
the	patient’s	clinical	condition	if	therapeutic	drug	monitoring	is	conducted.

TABLE	4-
3

Pharmacokinetic	Parameters	of	Second-Generation
Antiepileptic	Drugs



AED,	antiepileptic	drug;	FDA,	Food	and	Drug	Administration;	CBZ,	carbamazepine;	PB,	phenobarbital;
PHT,	phenytoin;	VPA,	valproic	acid;	PRM,	primidone;	MHD,	monohydroxy	metabolite
aEffect	of	second-generation	AED	on	first-generation	AEDs’	drug	serum	concentrations;	Column	2:	Effect
of	first-generation	AED	on	second-generation	AED’s	drug	serum	concentration

From	an	 elimination	 perspective,	 some	 second-generation	AEDs	have	 renal



elimination	 as	 a	 major	 pathway	 for	 elimination	 (i.e.,	 gabapentin,	 pregabalin,
levetiracetam,	 topiramate,	 and	 lacosamide),	 which	 is	 a	 major	 difference	 from
first-generation	 AEDs	 that	 are	 almost	 exclusively	 hepatically	 metabolized.	 In
addition,	except	for	gabapentin	and	zonisamide	at	higher	doses,	the	elimination
kinetic	profile	of	the	second-generation	AEDs	are	linear,	or	first	order,	compared
with	 the	 nonlinear	 profile	 observed	 with	 phenytoin.	 This	 linear	 profile	 offers
improved	 dose-response	 predictability	 and	 ease	 of	 dosing.	 More	 details
describing	the	metabolism	and	elimination	of	the	specific	agents	can	be	found	in
Table	4-2.

DRUG	OVERVIEW
Felbamate
Felbamate	was	one	of	the	first	second-generation	AEDs	to	gain	FDA	approval.
However,	 the	 serious	 side	effect	profile	documented	with	 the	use	of	 this	agent
prevented	 its	 routine	 use.	 Clinically,	 it	 is	 reserved	 for	 patients	 with	 seizures
refractory	 to	 other	 agents	 when	 other	 treatment	 options	 have	 been	 exhausted.
Patients	 treated	with	 felbamate	 have	 been	 reported	 to	 develop	 aplastic	 anemia
and	 acute	 liver	 failure,	 with	 its	 risk	 reported	 at	 1	 in	 4,800–37,000	 and	 1	 in
18,500–25,000,	 respectively.3	 Patient	 deaths	 due	 to	 these	 adverse	 effects	 have
also	been	reported.	When	choosing	to	initiate	therapy	with	felbamate,	clinicians
must	carefully	evaluate	the	risk	versus	the	benefits	of	the	agent.	Patients	must	be
warned	about	the	potential	for	serious	adverse	effects	and	informed	consent	must
be	 documented.	 Blood	 counts	 and	 hepatic	 function	 should	 be	 monitored	 and
felbamate	should	be	discontinued	at	the	first	sign	of	these	adverse	effects.

Important	pharmacokinetic	interactions	with	felbamate	should	be	noted.	The
addition	 of	 felbamate	 to	 an	 established	 regimen	 of	 first-generation	AEDs	may
increase	the	concentrations	of	the	first-generation	AEDs	and	require	subsequent
dosage	 reduction	 by	 at	 least	 20–25	 percent.4-8	 This	 interaction	 is	 caused	 by
felbamate’s	 ability	 to	 inhibit	 the	 metabolism	 of	 these	 agents	 by	 various
mechanisms.	Felbamate	can	inhibit	 the	beta-oxidation	of	valproic	acid,4	 inhibit
the	 parahydroxylation	 of	 phenobarbital	 that	 is	 partly	 due	 to	 the	 inhibition	 of
CYP450	2C19,5	decrease	 in	phenytoin	hydroxylation	via	 inhibition	of	CYP450
2C19,6	 and	 enhance	 conversion	 of	 carbamazepine	 to	 epoxide	 via	 induction	 of
P450	system	with	inhibition	or	saturation	of	epoxide	clearance	via	inhibition	of
epoxide	hydrolase.7,8

Gabapentin/Pregabalin



Gabapentin	 and	 pregabalin	 are	 structurally	 related	 agents	 that	 resemble	 γ-
aminobutyric	 acid	 (GABA).9	 However,	 neither	 agent	 possesses	 GABA-like
activity.	Instead,	they	bind	to	α2δ	protein,	a	subunit	of	the	voltage-gated	calcium
channel.	 This	 bonding	 is	 presumed	 to	 be	 responsible	 for	 their	 antiepileptic
activity.	 Pregabalin	 possesses	 superior	 antiepileptic	 activity	 and	 an	 improved
pharmacokinetic	 profile	 when	 compared	 to	 gabapentin.9,10	 The	 improved
pharmacokinetic	profile	of	pregabalin	compared	 to	gabapentin	 is	 thought	 to	be
due	 entirely	 to	 the	 saturable	 absorption	 of	 gabapentin.	 The	 absorption	 of
gabapentin	 occurs	 primarily	 in	 the	 small	 intestine	 via	 the	 intestinal	 system-L
amino	 acid	 transporter	 1	 (LAT1).9	 Pregabalin	 is	 absorbed	 through	 this	 same
mechanism,	but	 is	 also	 absorbed	via	 an	 additional	unidentified	pathway.	Thus,
pregabalin	 is	 more	 completely	 absorbed	 when	 compared	 to	 gabapentin.
Clinically,	then,	as	the	dose	of	gabapentin	is	increased,	the	percentage	absorbed
decreases.	For	example,	the	bioavailability	of	gabapentin	at	the	300	mg/day	dose
is	 approximately	 80	 percent.	 Due	 to	 saturable	 absorption,	 the	 bioavailability
decreases	 to	 approximately	 27	 percent	 when	 doses	 of	 4,800	 mg/day	 are
administered.	 In	 contrast,	 pregablin’s	 absorption	 is	 not	 saturable	 and	 does	 not
decrease	with	increasing	doses.	This	translates	clinically	into	improved	efficacy.
For	example,	the	bioavailability	of	pregabalin	is	>90	percent	from	small	doses	of
75	mg/day	to	large	doses	of	900	mg/day.	Food	delays	the	rate	of	absorption	of
both	 gabapentin	 and	 pregabalin,	 but	 will	 not	 affect	 the	 extent	 of	 absorption.
Thus,	 they	 can	 be	 given	 without	 regard	 to	 food.	 In	 terms	 of	 distribution,
gabapentin	and	pregabalin	exhibit	a	similar	brain	 to	whole-blood	concentration
ratio.

The	 major	 pathway	 for	 elimination	 of	 gabapentin	 and	 pregabalin	 is	 renal.
Gabapentin	 elimination	 is	 dependent	 on	 creatinine	 clearance	 (ClCr),	 and	 is
inversely	related	to	age.	Thus,	higher	doses	per	kg	are	required	for	children	3-4
years	of	age	compared	to	5	years	of	age.	Doses	should	be	adjusted	according	to
ClCr	among	elderly	patients.	Patients	with	renal	impairment	defined	as	ClCr	<60
mL/min	 must	 have	 their	 doses	 adjusted	 due	 to	 the	 potential	 for
accumulation.11,12	 In	 patients	with	 chronic	 kidney	 disease,	 supplemental	 doses
should	 be	 administered	 after	 every	 4-hour	 hemodialysis	 session	 since	 a	 50
percent	decrease	in	plasma	concentration	has	been	observed	postdialysis.

Clinical	 studies	 report	 euphoria	 with	 pregabalin	 therapy	 and	 potential
withdrawal	symptoms	upon	its	discontinuation.	Thus,	pregabalin	is	marketed	as
a	Schedule	V	controlled	substance.11



Lamotrigine
The	most	common	serious	adverse	reaction	reported	with	monotherapy	or	add-
on	therapy	with	lamotrigine	is	rash.13	It	usually	occurs	during	the	titration	period
(within	8	weeks	of	 therapy)	and	the	risk	is	highest	with	a	rapid	titration	and	at
the	 higher	 lamotrigine	 titration	 dose.	 Concomitant	 therapy	 with	 valproic	 acid
also	 increases	 the	 risk	 of	 rash	 with	 lamotrigine.	 Both	 the	 rates	 of	 AED
discontinuation	 and	 the	 risk	 for	 hospitalization	 due	 to	 rash	 with	 lamotrigine
therapy	are	similar	when	compared	to	carbamazepine	or	phenytoin	monotherapy.
However,	 the	 morbilliform	 rash	 that	 may	 present	 during	 lamotrigine	 therapy
rarely	 develops	 into	 Stevens-Johnson	 syndrome	 (SJS)	 or	 toxic	 epidermal
necrolysis	(TEN).

Lamotrigine	 has	 clinically	 significant	 drug	 interactions	with	 first-generation
AEDs	 that	 are	 known	 to	 induce	 or	 inhibit	 glucuronidation.	 Carbamazepine,
phenytoin,	phenobarbital,	and	primidone	will	induce	metabolism	of	lamotrigine
by	40	percent.	Thus,	when	used	 in	combination	with	 these	agents,	 lamotrigine
should	be	initiated	and	titrated	at	a	higher	dose	than	typically	recommended	in
order	to	achieve	a	therapeutic	effect.	On	the	other	hand,	valproic	acid	will	inhibit
lamotrigine’s	metabolism	by	25	percent;	thus	lamotrigine	should	be	initiated	and
titrated	at	a	lower	dose	than	recommended	when	used	with	this	agent	(see	Table
4-4).	Currently,	commercially	available	lamotrigine	starter	kits	help	to	simplify
the	 complicated	 titration	 schedule	 based	 on	 the	 type	 of	 drug	 interactions
anticipated.

TABLE	4-
4

Lamotrigine	Dosing	Recommendations	with	Other
Antiepileptic	Drugs



AED,	antiepileptic	drug.
Source:	Lamictal	[package	insert].	Greenville,	NC:	GlaxoSmithKline,	2010.

Topiramate
Topiramate	is	associated	with	a	high	incidence	of	central	nervous	system	(CNS)
adverse	reactions	(e.g.,	headache,	somnolence,	fatigue,	dizziness)	and	especially
severe	cognitive	 impairment	 that	 is	not	 typically	noted	or	 is	not	as	severe	with
other	AEDs.14,15	Cognitive	impairment	includes	psychomotor	slowing,	difficulty
with	 memory,	 difficulty	 with	 concentration/attention,	 and	 confusion.	 These
adverse	effects	are	primarily	dose	related	and	occur	with	rapid	upward	titration
of	 topiramate.16	 Therefore,	 topiramate	 should	 be	 titrated	 weekly	 by	 25–50
mg/day	 to	 a	 recommended	dose	of	200–400	mg/day.	Another	 adverse	 reaction
unique	to	topiramate	therapy	is	metabolic	acidosis	due	to	the	inhibition	of	HCO3

-

production	 from	 carbon	 dioxide.	 The	 sulfamate	 compound	 found	 within



topiramate’s	structure	 is	responsible	for	 inhibiting	carbonic	anhydrase	enzymes
that	 are	 widely	 distributed	 in	 erythrocytes,	 gastrointestinal	 tract,	 eyes,	 bone,
kidneys,	lungs,	and	brain.17	Inhibition	of	carbonic	anhydrase	isozymes	II	and	IV
in	the	proximal	and	distal	renal	tubules	have	been	implicated	for	increasing	the
risk	 for	 calcium	 phosphate	 stone	 formation	 due	 to	 increase	 in	 urinary	 pH	 and
decrease	in	urinary	citrate	excretion.18	On	the	other	hand,	its	potent	inhibition	of
carbonic	 anhydrase	 isozymes	 II,	 VB,	 VII,	 and	XII	 in	 the	 brain	 is	 believed	 to
have	minor	contribution	to	topiramate’s	overall	anticonvulsant	activity.19

Although	 topiramate	 is	 primarily	 eliminated	 renally	 as	 unchanged	 drug,	 30
percent	will	undergo	hydroxylation,	hydrolysis,	and	glucuronidation.	Topiramate
concentrations	 are	 significantly	 reduced	 when	 used	 concomitantly	 with
phenytoin,	carbamazepine,	and	phenobarbital;	therefore,	dosing	adjustments	may
be	necessary.20

Tiagabine
Tiagabine	 enhances	 γ-aminobutyric	 acid	 (GABA)	 activity	 by	 preventing
reuptake	of	GABA	into	neurons	and	glial	cells	via	GABA	transporter,	GAT-1.21
As	 a	 result,	 GABA	 concentrations	 in	 the	 synapse	 are	 increased	 and	 inhibit
neuroexcitation.	 Tiagabine	 is	 associated	 with	 CNS-adverse	 events	 (e.g.,
dizziness,	 asthenia,	 headache,	 somnolence,	 depression,	 confusion,	 and
diplopia).22	 Tiagabine	 is	 associated	 with	 cognitive	 adverse	 events;	 however,
these	events	appear	to	be	dose	related	and	are	no	more	frequent	than	those	seen
with	placebo	therapy.23-25	One	major	disadvantage	of	tiagabine	is	its	short	half-
life,	which	necessitates	administration	three	to	four	times	daily,	especially	in	the
presence	 of	 CYP3A	 enzyme–inducing	 AEDs,	 such	 as	 carbamazepine,
phenobarbital,	 and	 phenytoin.	 Patients	 receiving	 concomitant	 therapy	 with
enzyme-inducing	AEDs	should	have	their	dose	titrated	to	clinical	effect,	up	to	a
maximum	daily	dose	of	56	mg/day.26	Tiagabine	was	 shown	 to	 reduce	valproic
acid	concentrations	by	10	percent;	however,	this	reduction	may	not	be	clinically
significant	secondary	to	the	broad	therapeutic	range	of	valproic	acid.27

Levetiracetam
The	exact	mechanism	of	action	of	levetiracetam	is	still	yet	to	be	determined.	It	is
apparent	 that	 it	 does	 not	 exhibit	 its	 antiepileptic	 properties	 via	 the	 more
traditional	 targets	 of	 other	 AEDs	 (i.e.,	 inhibition	 of	 voltage-gated	 sodium
channels,	alterations	in	GABAergic	neurotransmission,	etc.).28,29	 It	 is	known	to
bind	to	synaptic	vesicle	protein	2A	(SV2A),	which	is	thought	to	play	a	role	in	its



efficacy.29	Levetiracetam	is	readily	distributed	in	the	cerebrospinal	fluid	(CSF),
and	its	CSF	concentration	is	similar	to	that	of	the	plasma	concentration.	Of	note,
the	elimination	half-life	of	 levetiracetam	 is	 three	 times	 longer	 in	 the	CSF	 than
the	plasma.30	This	quality	leads	to	a	longer	duration	of	action	at	the	desired	site
of	action	and	allows	for	twice	daily	administration.	Levetiracetam	is	exclusively
eliminated	 extrahepatically.	 Approximately	 two-thirds	 of	 levetiracetam	 is
eliminated	unchanged	renally,	and	one-third	is	hydrolyzed	in	the	blood	to	three
inactive	metabolites.	Dose	adjustments	are	 thus	 required	 in	moderate-to-severe
renal	impairment,	including	elderly	patients	and	patients	requiring	hemodialysis.
Currently,	no	dosing	recommendations	are	made	for	its	use	in	continuous	renal
replacement	 therapy	 due	 to	 a	 lack	 of	 pharmacokinetic	 data.	 Although
levetiracetam	is	devoid	of	hepatic	metabolism,	concomitant	administration	with
enzyme-inducing	 AEDs	 (phenobarbital,	 phenytoin,	 and	 carbamazepine)	 has
shown	 to	 increase	 levetiracetam	clearance.31	 The	 clinical	 significance	 of	 these
data	 is	 yet	 to	 be	 determined,	 and	 no	 dosing	 adjustment	 of	 levetiracetam	 is
currently	recommended.

In	 addition	 to	 enteral	 dosage	 forms,	 levetiracetam	 is	 also	 available	 as	 an
intravenous	 solution	 that	 provides	 another	 therapeutic	 option	 for	 critically	 ill
patients,	especially	those	in	status	epilepticus.	Intravenous	levetiracetam	should
be	diluted	in	100	mL	NaCl,	Lactated	Ringer,	or	dextrose	5%,	and	infused	over
15	minutes.32	Various	loading	doses	of	levetiracetam	have	been	instituted	for	the
management	 of	 status	 epilepticus	 in	 infants,	 children,	 and	 adults.	 The	 loading
doses	 ranged	 from	 1,000	 mg	 to	 2,500	 mg	 followed	 by	 maintenance	 doses	 of
2,000–3,000	mg/day	in	two	divided	doses.33,34	Termination	of	status	epilepticus
was	observed	in	at	least	70	percent	of	patients	receiving	levetiracetam	within	2
to	24	hours	of	initiation.33,35	A	loading	dose	provides	faster	achievement	(within
24	hours)	of	plasma	concentrations	comparable	to	those	concentrations	seen	with
maintenance	therapy.30,36	For	example,	a	levetiracetam	loading	dose	of	1,000	mg
achieves	 a	 similar	 levetiracetam	 concentration	 as	 compared	 to	 a	 levetiracetam
maintenance	 dose	 of	 500	mg	 every	 12	 hours.	 Adverse	 events	 associated	with
levetiracetam	loading	doses	were	mild	and	included	somnolence,	confusion,	and
disorientation.35,37	 Levetiracetam’s	 role	 and	 optimal	 loading	 dose	 for	 status
epilepticus	 is	 currently	 unknown	 because	 associations	 between	 levetiracetam
concentrations	and	its	clinical	efficacy	have	not	been	established.	Meanwhile,	as
the	success	rate	with	levetiracetam	therapy	in	status	epilepticus	may	depend	on
the	 duration	 of	 status	 epilepticus	 and	 the	 use	 of	 other	 AEDs,	 levetiracetam
should	be	introduced	early	as	a	second-	or	third-line	AED.37



Oxcarbazepine
Oxcarbazepine	 is	 rapidly	 reduced	 by	 arylketone	 reductase	 to	 its	 main	 active
metabolite,	 10-hydroxycarbazepine	 or	 licarbazepine	 (MHD),	 which	 is
responsible	for	its	antiepileptic	activity.38	Oxcarbazepine	is	structurally	related	to
carbamazepine,	but	unlike	its	predecessor,	oxcarbazepine’s	metabolism	is	devoid
of	 producing	 the	 carbamazepine	 epoxide	metabolite.	 This	 difference	 improves
the	pharmacokinetic	and	side	effect	profile	of	oxcarbazepine.	For	instance,	MHD
does	not	undergo	autoinduction	of	its	own	metabolism.	Instead,	MHD	undergoes
glucuronidation	 to	 produce	 inactive	metabolites.	 This	 step	 is	 enhanced	 by	 the
presence	of	enzyme-inducing	AEDs	such	as	carbamazepine,	phenobarbital,	and
phenytoin;	and	clinically	significant	 increases	 in	MHD	metabolism	by	25-40%
have	 been	 observed.39	 Oxcarbazepine	 dose	may	 need	 to	 be	 titrated	 to	 clinical
effect	when	it	is	used	concomitantly	with	enzyme-inducing	AEDs.	Valproic	acid
does	not	have	a	clinically	significant	effect	on	oxcarbazepine’s	metabolism,	and
no	dosing	adjustment	is	recommended.	On	the	other	hand,	oxcarbazepine	doses
greater	 than	 1,200	 mg/day	 have	 been	 shown	 to	 increase	 phenytoin
concentrations	 by	 40	 percent.40	 Phenytoin	 concentrations	 should	 be	monitored
and	doses	may	need	 to	be	adjusted	 to	avoid	concentrations	above	 the	patient’s
target	range	and	toxicity.

Adverse	 reactions	 with	 oxcarbazepine	 therapy	 are	 similar	 to	 that	 of
carbamazepine	therapy	but	with	decreased	frequency	and	severity.41,42	The	most
notable	adverse	reactions	include	dizziness,	sedation,	fatigue,	nausea,	drug	rash,
and	 hyponatremia.43,44	 Neurological	 adverse	 reactions	 were	 most	 commonly
noted	with	 high-dose,	 fast	 up-titration,	 or	 during	 conversion	 to	 oxcarbazepine
monotherapy.45,46	High	cross-reactivity	of	skin	rash	is	observed	in	patients	who
are	 switched	 from	 phenytoin	 or	 carbamazepine	 to	 oxcarbazepine	 therapy,
notably	 in	 25–30	 percent	 of	 patients	 with	 history	 of	 previous	 carbamazepine
therapy.39,41,47,48

Zonisamide
Zonisamide	 has	 a	 number	 of	 potential	 mechanisms	 by	 which	 it	 exerts	 its
beneficial	effects	in	the	management	of	epilepsy.	It	is	thought	that	the	effects	are
primarily	 due	 to	 the	 alteration	 in	 sodium	 and	 low-threshold	 T-type	 calcium
channel	 activity.49	 Zonisamide	 has	 other	 modes	 of	 antiepileptic	 activities
whereby	 it	 influences	various	cycles	of	neurotransmitter	metabolism,	but	 these
contributions	 are	 minor.	 The	 neurotransmitters	 affected	 include	 glutamate,
GABA,	 dopamine,	 serotonin,	 and	 acetylcholine.	 Zonisamide	 contains	 a



nonarylamine	 sulfonamide	 group	 and	 should	 be	 used	 with	 caution	 in	 patients
with	 history	 of	 antibiotic/nonantibiotic	 sulfonamide	 hypersensitivity.50	 The
sulfamoyl	 group	 of	 zonisamide	 is	 a	 weak	 carbonic	 anhydrase	 inhibitor	 that
provides	 little	 antiepileptic	 activity	 at	 therapeutic	 doses.19	 Instead,	 it	 has	 been
associated	 with	 adverse	 events	 such	 as	 metabolic	 acidosis	 and	 renal	 stones.
Zonisamide	 exhibits	 first-order	 distribution	 kinetics	 at	 therapeutic	 doses.
However,	at	supratherapeutic	doses	of	≥800	mg/day	distribution	of	this	agent	is
greatly	 altered	 due	 to	 the	 saturable	 binding	 property	 of	 zonisamide.	 At
supratherapeutic	doses,	erythrocytes	become	saturated	with	zonisamide	and	the
area	 under-the-curve	 (AUC)	 and	 maximum	 concentrations	 (Cmax)	 increase
disproportionately	compared	to	therapeutic	doses.51	Zonisamide	is	a	substrate	of
the	 CYP3A4	 isoenzyme	 but	 does	 not	 induce	 or	 inhibit	 its	 activity.	 It	 is	 only
susceptible	 to	 drug	 interactions	 with	 enzyme-inducing	 AEDs	 (i.e.,
carbamazepine,	 phenobarbital,	 and	 phenytoin),	 whereby	 the	 clearance	 of
zonisamide	will	be	enhanced	with	a	subsequent	decrease	 in	 its	half-life.52	This
results	 in	 a	 decreased	 time	 to	 reach	 steady-state	 concentrations,	 allowing	 for	 a
faster	(i.e.,	less	than	2-week)	titration	schedule	and	evaluation	of	efficacy.

Common	 adverse	 events	 associated	 with	 zonisamide	 are	 primarily	 dose-
related	CNS	effects,	which	are	manifested	when	it	is	titrated	too	rapidly	or	when
it	 is	 initiated	 at	 the	 same	 time	 as	 other	 AED	 therapy.53-56	 Oligohidrosis,
hyperthermia,	and	heat	stroke	have	been	rarely	observed	but	are	more	commonly
observed	in	pediatric	patients.57,58	Currently,	the	safety	and	efficacy	data	in	the
pediatric	 population	 in	 the	 United	 States	 are	 not	 well	 established,	 so
zonisamide’s	use	is	limited	to	adults.51

Lacosamide
Lacosamide	 is	 a	 novel	 agent	 that	 selectively	 enhances	 slow	 inactivation	 of
voltage-dependent	 sodium	 channels	 without	 affecting	 fast	 inactivation	 sodium
channels.59	This	novel	mechanism	elevates	resting	membrane	potential	threshold
and	decreases	hyperresponsiveness	to	neuroexcitation.	Lacosamide	also	binds	to
collapsin-response	 mediator	 protein	 2	 (CRMP-2),	 which	 has	 been	 shown	 to
prevent	neuronal	outgrowth	and	neuronal	cell	excitotoxicity	and	apoptosis.

Adverse	events	associated	with	lacosamide	therapy	are	often	dose	related	and
include	the	CNS	and	gastrointestinal	systems.60	Lacosamide	has	been	associated
with	a	dose-dependent	increase	in	PR	interval	due	to	its	ability	to	inhibit	cardiac
sodium	channels.	It	must	be	used	with	caution	in	patients	with	underlying	heart
disease	 due	 to	 this	 effect.59-61	 Lacosamide	 is	 primarily	 eliminated	 unchanged



renally,	 but	 it	 is	 partly	 metabolized	 via	 the	 CYP	 2C19	 isoenzyme,	 which
produces	an	inactive	O-desmethyl	metabolite.61	Thus,	 the	plasma	concentration
of	 lacosamide	 may	 be	 decreased	 when	 used	 concomitantly	 with	 enzyme-
inducing	 AEDs	 (carbamazepine,	 phenobarbital,	 and	 phenytoin).	 Thus,	 a	 dose
adjustment	of	lacosamide	may	be	necessary	based	on	clinical	effect.	Lacosamide
should	 be	 adjusted	 to	 a	 maximum	 dose	 of	 300	 mg/day	 in	 hepatic	 and	 renal
impairment	 defined	 as	 Child-Pugh	 B	 and	 ClCr	 ≤30	 mL/min,	 respectively.	 In
patients	with	chronic	kidney	disease	on	hemodialysis,	a	supplemental	dose	of	up
to	50	percent	after	a	4-hour	hemodialysis	treatment	should	be	considered.

Lacosamide	 is	 available	 in	 multiple	 dosage	 forms,	 including	 intravenous
solution,	 which	 makes	 it	 an	 ideal	 agent	 in	 critically	 ill	 and	 status	 epilepticus
patients.62	 Intravenous	 lacosamide	 is	 well	 tolerated	 without	 serious	 adverse
effects	and	may	be	administered	undiluted	over	15,	30,	or	60	minutes.63	Adverse
events	 associated	with	 intravenous	 formulations	 are	mild	 and	 include	 injection
site	discomfort,	irritation,	and	erythema.61,63	Common	adverse	events	associated
with	 lacosamide	 therapy	 are	 dose-related	 CNS	 symptoms	 that	 are	 mild	 to
moderate	in	severity.63

No	 safety	 or	 efficacy	 studies	 evaluate	 the	 use	 of	 lacosamide	 in	 children.61
Due	 to	 its	 effect	 on	 neuronal	 growth	 via	CRMP-2	 binding	 capacity,	 it	 has	 the
potential	to	cause	detrimental	effects	on	neuronal	development	as	demonstrated
in	animal	studies.	Case	reports	support	its	efficacy	as	an	adjunctive	therapy	for
refractory	seizures	of	various	types	in	pediatric	patients,	but	the	long-term	safety
of	lacosamide	in	children	still	remains	to	be	elucidated.64,65

Ezogabine
Ezogabine	 was	 recently	 approved	 as	 an	 add-on	 treatment	 for	 partial	 onset
seizures	 in	 the	 United	 States	 on	 June	 14,	 2011.	 It	 is	 considered	 a	 controlled
substance	but	is	yet	to	be	classified.	Detailed	pharmacokinetic	information	is	yet
to	be	revealed.	Most	common	adverse	events	associated	with	ezogabine	therapy
are	dose-related	CNS	symptoms.66,67

CASES

CASE	1:	LAMOTRIGINE



Loading	Dose
A	 50-year-old	 male,	 with	 a	 history	 of	 hypertension,	 diabetes	 mellitus	 type	 2,
hyperlipidemia,	and	kidney	transplantation	five	years	ago,	is	recently	diagnosed
with	 partial	 seizure.	 His	 medications	 include	 tacrolimus,	 cyclosporine,
metoprolol,	 atorvastatin,	 and	 insulin	 glargine	 with	 aspart.	 The	 plan	 was	 to
initiate	an	AED	as	monotherapy	that	does	not	have	significant	drug	interaction
with	 his	 antirejection	 medications.	 The	 team	 decided	 to	 initiate	 lamotrigine.
What	is	the	best	recommendation	for	initiation	of	lamotrigine?

A	loading	dose	of	lamotrigine	is	not	recommended	as	high-dose	and	fast	up-
titration	has	been	associated	with	increased	risk	for	drug	rash.	Thus,	lamotrigine
should	be	titrated	over	8	weeks	to	a	maintenance	dose	of	300	mg/day	(see	Table
4-4).

Week	1–2:	25	mg/day
Week	3–4:	25	mg	every	12	hours	(=	50	mg/day)
Week	5:	50	mg	every	12	hours	(=	100	mg/day)
Week	6:	50	mg	every	morning	and	100	mg	every	evening	(=	150	mg/day)
Week	7:	100	mg	every	12	hours	(=	200	mg/day)
Week	8:	100	mg	every	morning	and	150	mg	every	evening	(=	250	mg/day)
Week	9:	150	mg	every	12	hours	(=	300	mg/day)

Drug	Interaction	That	Decreases	Levels
A	45-year-old	 female	with	 a	 history	 of	 partial	 seizure	 presents	 to	 the	 epilepsy
clinic	 with	 complaints	 of	 difficulty	 walking	 straight,	 sleepiness,	 and	 vision
changes.	The	patient	also	complains	of	driving	about	an	hour	every	month	to	get
her	phenytoin	concentration	checked.	Today,	 the	phenytoin	concentration	 is	27
mcg/mL.	Upon	 further	 discussion,	 the	 plan	 is	 to	 transition	 her	 to	 lamotrigine,
because	it	has	reliable	absorption,	fewer	adverse	reactions,	and	does	not	require
therapeutic	 drug	 monitoring.	 What	 is	 your	 dosing	 recommendation	 for	 the
titration	phase	of	lamotrigine	therapy	while	the	patient	remains	on	phenytoin?

Because	 phenytoin	 will	 increase	 the	 metabolism	 of	 lamotrigine	 by
approximately	 40	 percent	 by	 inducing	 glucuronidation,	 it	 is	 recommended	 to
start	 lamotrigine	 at	 a	 higher	 dose	 than	 what	 is	 currently	 recommended	 as
monotherapy.	Thus,	lamotrigine	should	be	titrated	up	by	100	mg	weekly	over	6
weeks	to	a	maintenance	dose	of	400	mg/day	(see	Table	4-4).

Week	1–2:	50	mg/day



Week	3–4:	50	mg	every	12	hours	(=	100	mg/day)
Week	5:	100	mg	every	12	hours	(=	200	mg/day)
Week	6:	150	mg	every	12	hours	(=	300	mg/day)
Week	7:	200	mg	every	12	hours	(=	400	mg/day)

Once	her	lamotrigine	maintenance	dose	is	achieved,	she	can	begin	her	phenytoin
taper.	 After	 the	 phenytoin	 is	 discontinued,	 a	 slow	 decrease	 in	 the	 lamotrigine
dose	to	300	mg/day	over	the	following	1–2	weeks	may	be	considered.

Drug	Interaction	That	Increases	Levels
A	 30-year-old	 female	 was	 recently	 diagnosed	 with	 partial	 seizures.	 Her	 past
medical	 history	 is	 significant	 for	 bipolar	 disorder,	 and	 she	 is	 currently	 being
treated	with	valproic	acid.	Lamotrigine	is	to	be	initiated	for	the	treatment	of	her
seizure	 disorder.	 What	 initial	 and	 maintenance	 lamotrigine	 doses	 would	 you
recommended	for	this	patient?

Because	valproic	acid	will	inhibit	lamotrigine’s	metabolism	by	approximately
25	 percent,	 the	 current	 recommendation	 is	 to	 decrease	 the	 overall	 dose	 of
lamotrigine	 by	 50	 percent	 and	 to	 titrate	 up	 by	 25–50	 mg	 weekly	 to	 a
maintenance	dose	of	200	mg/day	(see	Table	4-4).

Week	1–2:	25	mg	every	other	day
Week	3–4:	25	mg/day
Week	5:	25	mg	every	12	hours	(=	50	mg/day)
Week	6:	50	mg	every	12	hours	(=	100	mg/day)
Week	7:	50	mg	every	morning	and	100	mg	every	evening	(=	150	mg/day)
Week	8:	100	mg	every	12	hours	(=	200	mg/day)

Dosing	in	Renal	Dysfunction
A	58-year-old	 female	(weight:	65	kg,	height	5′5″)	with	history	of	hypertension,
partial	 seizure,	 diabetes	mellitus	 type	 2,	 and	 chronic	 kidney	 disease	 (baseline
serum	creatinine	(SCr)	1.5	mg/dL)	presents	with	severe	chest	pain	and	is	being
evaluated	 for	myocardial	 infarction.	The	patient	 received	 iodinated	contrast	 in
order	to	undergo	a	left-heart	catheterization	to	visualize	the	cardiac	vessels.	In
the	next	24	hours,	her	urine	output	decreased	from	100	mL/hr	to	20	mL/hr	and
her	 SCr	 increased	 to	 2.7	 mg/dL.	 Her	medications	 include	metoprolol	 100	mg
every	 12	 hours,	 lamotrigine	 150	 mg	 every	 12	 hours,	 and	 insulin	 glargine	 25
units	 every	 night	 at	 bedtime.	 How	 would	 you	 adjust	 the	 lamotrigine	 dose	 for



reduced	renal	function?
Lamotrigine	is	primarily	converted	to	inactive	metabolites	by	glucuronidation

and	only	10	percent	of	lamotrigine	is	eliminated	unchanged.	Although	the	half-
life	of	lamotrigine	is	increased	in	patients	with	reduced	creatinine	clearance,	its
clinical	 significance	 is	minimal	 and	 overall	 lamotrigine	 plasma	 concentrations
are	 not	 greatly	 affected.	 Thus,	 dosing	 adjustments	 are	 not	 required	 in	 patients
with	reduced	renal	function	(see	Table	4-1).

Continue	lamotrigine	150	mg	every	12	hours.

Dosing	in	Hemodialysis
A	 45-year-old	 male	 with	 history	 of	 hypertension,	 diabetes,	 chronic	 kidney
disease,	 congestive	 heart	 failure,	 dyslipidemia,	 panic	 disorder,	 and	 partial
seizures	recently	was	placed	on	the	kidney	transplantation	list	and	was	initiated
on	 hemodialysis	 (every	 Monday,	 Wednesday,	 and	 Friday).	 One	 of	 his
medications	 is	 lamotrigine	 150	 mg	 every	 12	 hours	 for	 seizure	 management.
What	is	your	recommendation	for	lamotrigine	dosing	adjustment	in	this	patient
undergoing	hemodialysis?

Hemodialysis	removes	approximately	20	percent	of	the	plasma	concentration
of	 lamotrigine.	 However,	 it	 is	 not	 clinically	 significant,	 and	 routine
administration	of	a	supplemental	dose	after	hemodialysis	is	not	required	at	 this
time	(see	Table	4-1).

Continue	lamotrigine	150	mg	every	12	hours.

Dosing	in	Hepatic	Dysfunction
A	50-year-old	male	with	history	of	alcoholic	cirrhosis	with	ascites	is	admitted	to
the	 medical	 intensive	 care	 unit	 service	 with	 altered	 mental	 status	 including
dizziness	 and	 blurry	 vision.	Upon	 further	 evaluation,	 the	 patient	 reports	 he	 is
taking	 lamotrigine	 150	 mg	 every	 12	 hours	 for	 partial	 seizures.	 What	 is	 your
recommendation	for	adjusting	his	lamotrigine	dose?

Due	 to	 decreased	 lamotrigine	 metabolism	 in	 patients	 with	 hepatic
dysfunction,	 the	dose	should	be	decreased	by	25	percent	 in	moderate-to-severe
liver	 impairment	without	 ascites	 and	by	50	percent	 in	 severe	 liver	 impairment
with	ascites	(see	Table	4-1).

Lamotrigine	dose	should	be	decreased	to	75	mg	every	12	hours.

CASE	2:	LEVETIRACETAM



Loading	Dose
A	 60-year-old	 male	 with	 a	 witnessed	 generalized	 tonic-clonic	 seizure	 was
transferred	 from	 a	 local	 community	 hospital	 for	 the	 management	 of	 a	 large
subdural	 hematoma	and	 seizure.	The	patient	was	 loaded	with	phenytoin	1,000
mg	 IV	 at	 the	 community	 hospital.	 Upon	 arrival,	 the	 patient	 was	 immediately
taken	to	the	operating	room	for	evacuation	of	the	hematoma.	On	post-op	day	1,
the	patient	was	noted	to	have	twitching	of	his	left	cheek	rhythmically	and	EEG
was	 ordered	 to	 evaluate	 for	 seizures.	 The	 patient	 received	 two	 4	mg	 doses	 of
lorazepam	 IV	 within	 the	 next	 15	 minutes	 without	 successful	 termination	 of
seizure	activity	on	EEG.	A	total	phenytoin	level	was	drawn	and	reported	to	be	19
mcg/mL.	The	plan	was	to	initiate	a	second	antiepileptic	agent,	and	levetiracetam
was	 chosen	 due	 to	 its	 benign	 adverse	 reaction	 profile,	 low	 potential	 for	 drug
interactions,	 and	 the	 availability	 of	 multiple	 formulations	 including	 an
intravenous	solution.	The	patient	weighs	85	kg.	What	would	be	the	best	dosing
recommendation	for	levetiracetam	in	this	patient?

Levetiracetam	 loading	 doses	 of	 1,000	 mg	 to	 3,000	 mg	 have	 been	 used	 in
status	 epilepticus	 with	 minimal	 complications.	 However,	 no	 well-controlled
trials	 currently	 support	 one	 levetiracetam	 loading	 dose	 over	 another	 for
termination	 of	 status	 epilepticus.	 As	 the	 patient	 is	 in	 status	 epilepticus,
intravenous	levetiracetam	should	be	used	to	achieve	a	therapeutic	concentration
immediately.	Therefore,	a	 loading	dose	of	1,000–3,000	mg	IV	over	15	minutes
would	be	a	reasonable	recommendation.

Maintenance	dose	using	population	pharmacokinetics
As	 this	 patient	 is	 in	 status	 epilepticus,	 the	maximum	 established	maintenance
dose	of	1,500	mg	every	12	hours	should	be	initiated.

Drug	Interaction	That	Decreases	Levels
The	patient	 is	 already	 receiving	phenytoin,	which	 is	a	 known	enzyme-inducing
AED.	Does	the	levetiracetam	dose	need	to	be	adjusted?

No,	levetiracetam	is	primarily	eliminated	renally	as	unchanged	drug	and	does
not	 undergo	 any	 hepatic	metabolism.	Thus,	 no	 drug	 interaction	 occurs	 and	 no
adjustments	need	to	be	made.

Dosing	in	Renal	Dysfunction
HL,	an	85-year-old	female	with	a	large	left	subdural	hematoma	and	acute	renal
failure	(SCr	2	mg/dL),	was	admitted	to	the	neuroscience	intensive	care	unit	for



further	observation.	No	neurosurgical	intervention	is	planned	for	the	patient.	Of
note,	 the	 patient’s	 past	 medical	 history	 includes	 congestive	 heart	 failure,
hypertension,	 coronary	 artery	 disease,	 depression,	 dementia,	 and	 emphysema.
She	weighs	60	kg.	Due	to	her	multiple	medical	conditions	and	age,	levetiracetam
was	 initiated	 for	 seizure	prophylaxis.	What	 is	 the	best	 dosing	 recommendation
for	HL?

Levetiracetam	 is	 primarily	 eliminated	 renally	 and	 should	 be	 adjusted	 in
renally	impaired	patients,	especially	in	elderly	patients,	to	avoid	unwanted	CNS
adverse	effects.	Because	this	patient’s	ClCr	is	19	mL/min,	a	levetiracetam	dose	of
250	mg	tablet	by	mouth	every	12	hours	would	be	recommended.

Dosing	in	Hemodialysis
The	patient,	HL,	is	showing	signs	and	symptoms	of	progressive	renal	dysfunction
and	 is	now	anuric,	with	shortness	of	breath	and	crackles	 in	both	 lungs,	and	 is
started	on	4	L	 supplemental	oxygen.	Her	chest	X-ray	 shows	pulmonary	edema
due	 to	 fluid	 overload.	 The	 renal	 service	 is	 consulted	 for	 an	 emergent
hemodialysis	 session.	 Does	 the	 levetiracetam	 dose	 need	 to	 be	 adjusted	 for
hemodialysis?

The	clearance	of	levetiracetam	is	reduced	by	70	percent	in	anuric	patients,	but
50	 percent	 of	 it	 is	 removed	 during	 4-hour	 hemodialysis.	 Thus,	 her	 dose	 of
levetiracetam	would	need	to	be	adjusted.	Initiate	500	mg	administered	every	24
hours	 with	 a	 supplemental	 dose	 of	 250	 mg	 given	 after	 each	 hemodialysis
session.

Dosing	in	Hepatic	Dysfunction
A	 45-year-old	 male	 with	 an	 extensive	 alcohol	 history	 is	 admitted	 with	 a
traumatic	 intracerebral	 hemorrhage.	 The	 patient	 has	 signs	 of	 hepatic
dysfunction	 including	 jaundice,	 a	 platelet	 count	 of	 89,000,	 and	 an	 INR	 of	 3.
Levetiracetam	is	to	be	initiated	for	seizure	prophylaxis	over	the	next	seven	days.
What	dose	should	be	recommended?

Levetiracetam	 does	 not	 undergo	 liver	 metabolism,	 but	 approximately	 30
percent	is	hydrolyzed	to	inactive	metabolites.	Thus,	levetiracetam	does	not	need
to	 be	 reduced	 in	 hepatic	 dysfunction	 unless	 the	 patient	 also	 has	 compromised
renal	function.	A	levetiracetam	dose	of	500	mg	every	12	hours	is	reasonable	for
short-term	seizure	prophylaxis.

CASE	3:	TOPIRAMATE



Loading	dose
A	30-year-old	 female	with	history	of	migraines	was	 initiated	on	 topiramate	25
mg	every	night	at	bedtime	for	migraine	prophylaxis.	She	was	involved	in	a	motor
vehicle	crash	and	sustained	a	head	trauma.	Approximately	10	months	after	the
crash,	 the	 patient	 developed	 seizures.	 Topiramate	 will	 be	 continued	 for	 the
management	of	migraines	and	seizures.	What	new	maintenance	dose	would	you
recommend	for	this	patient?

A	 topiramate	 loading	 dose	 is	 not	 recommended	 due	 to	 dose-related	 CNS
adverse	reactions,	including	cognitive	impairment.

Maintenance	Dose	Using	Population	Pharmacokinetics
In	order	to	minimize	adverse	CNS	effects,	 topiramate	should	be	titrated	slowly
over	6	weeks	to	a	maintenance	dose	of	up	to	400	mg/day.

Week	1:	25	mg	every	12	hours
Week	2:	50	mg	every	12	hours
Week	3:	75	mg	every	12	hours
Week	4:	100	mg	every	12	hours
Week	5:	150	mg	every	12	hours
Week	6	and	after:	200	mg	every	12	hours

Drug	Interaction	That	Decreases	Levels
After	 three	months	 of	 topiramate	 therapy,	 RV	 presents	 to	 the	 neurology	 clinic
with	complains	of	 five	seizures	per	week.	Phenytoin	is	added	as	a	second	AED
for	further	seizure	control.	Does	the	topiramate	dose	need	to	be	adjusted?

Phenytoin	 is	 known	 to	 induce	 the	 hepatic	 metabolism	 of	 topiramate	 and
decrease	 its	 plasma	 concentration	 by	 approximately	 48	 percent.	Therefore,	 the
dose	of	topiramate	should	be	increased	empirically	over	the	next	few	weeks	up
to	400	mg	every	12	hours	and	further	titrated	based	on	clinical	effect.

Drug	Interaction	That	Increases	Levels
If	RV	was	started	on	valproic	acid	instead	of	phenytoin	as	concomitant	therapy
with	topiramate,	would	the	topiramate	dose	need	to	be	adjusted?

Valproic	acid	has	been	reported	to	decrease	topiramate	concentrations	by	10–
15	percent	but	without	any	clinical	significance.	Therefore,	topiramate	dose	does
not	 need	 to	 be	 adjusted	 and	 topiramate	 can	 be	 continued	 at	 200	mg	 every	 12



hours.

Dosing	in	Renal	Dysfunction	(No	Hemodialysis)
JM,	a	40-year-old	female	with	chronic	kidney	disease	(baseline	SCr	1.5	mg/dL)
and	hypertension,	is	newly	diagnosed	with	partial	seizures,	and	topiramate	was
recommended	 by	 a	 neurologist.	 She	 weighs	 65	 kg.	 What	 is	 the	 dose
recommendation	for	topiramate	in	this	patient	with	ClCr	of	51	mL/min?

The	majority	 (70%)	 of	 topiramate	 is	 eliminated	 renally	 as	 unchanged	 drug,
and	 its	 clearance	 is	 reduced	 by	 42	 percent	 in	 patients	 with	 moderate	 renal
impairment	 (ClCr	 30–69	mL/min)	 and	 54	 percent	 in	 patients	with	 severe	 renal
impairment	(ClCr	<30	mL/min).	Thus,	it	is	recommended	to	reduce	the	dose	by
50	percent	in	patients	with	renal	impairment	with	ClCr	<70	mL/min.

Week	1:	25	mg	every	daily
Week	2:	25	mg	every	12	hours
Week	3:	50	mg	every	12	hours
Week	4:	75	mg	every	12	hours
Week	5	and	after:	100	mg	every	12	hours

Dosing	in	Hemodialysis
How	would	 you	 adjust	 the	 dose	 if	 JM’s	 renal	 function	 progressively	worsened
requiring	three	times	weekly	hemodialysis?

Topiramate	 is	 removed	 by	 hemodialysis	 and	 its	 plasma	 concentration	 is
reduced	 by	 50	 percent.	 Therefore,	 a	 supplemental	 dose	 of	 100	 mg	 is
recommended	after	each	hemodialysis	session	for	this	patient.
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CHAPTER 	5
Carbamazepine

HENRY	COHEN,	MS,	PharmD,	FCCM,	BCPP,	CGP

Carbamazepine	 was	 first	 indicated	 and	 marketed	 for	 trigeminal	 neuralgia	 and
was	 later	 found	 to	 be	 an	 effective	 antiepileptic.1	 Carbamazepine	 is	 a	 broad-
spectrum	 antiepileptic	 drug	 (AED)	 and	 is	 indicated	 for	 partial	 seizures	 with
complex	 symptomatology	 (psychomotor,	 temporal	 lobe),	 generalized	 tonic-
clonic	 seizures	 (grand	 mal),	 and	 mixed	 seizure	 patterns.2,3	 Extended-release
carbamazepine	is	also	indicated	alone	or	in	combination	with	other	antipsychotic
agents	 for	 acute	 manic	 or	 mixed	 episodes	 associated	 with	 bipolar	 1	 disorder
either	as	treatment	or	prevention.4	Carbamazepine	may	be	used	as	an	adjunct	for
the	 symptomatic	 management	 of	 the	 acute	 phase	 of	 schizophrenia	 in	 patients
who	are	refractory	to	antipsychotics.4	Carbamazepine	has	also	been	used	for	the
management	of	restless	leg	syndrome,	peripheral	neuropathy,	diabetic	peripheral
neuropathy,	and	posttraumatic	stress	disorders.3,4

THERAPEUTIC	AND	TOXIC	PLASMA
CONCENTRATIONS

The	 therapeutic	 serum	 level	 for	 carbamazepine	 is	 4–12	mg/L.	Central	 nervous
system	 (CNS)	 adverse	 effects	 such	 as	 drowsiness,	 dizziness,	 and	 headaches,
increase	 when	 levels	 are	 greater	 than	 8	 mg/L.5	 Carbamazepine	 exhibits
concentration	 related	 toxicity,	 serum	 levels	 of	 11–15	mg/L	 are	 associated	with
somnolence,	 nystagmus,	 and	 ataxia;	 levels	 of	 15–25	mg/L	 are	 associated	with
combativeness,	hallucinations,	and	chorea;	and	 levels	greater	 than	25	mg/L	are
associated	with	 seizures	 and	 coma.	 In	 order	 to	minimize	 carbamazepine	 CNS
adverse	effects,	clinicians	may	target	a	therapeutic	serum	level	of	4–8	mg/L.6



ADVERSE	EFFECTS

Carbamazepine	causes	gastrointestinal	adverse	effects	such	as	nausea,	vomiting,
and	 anorexia.4	 Carbamazepine	 has	 mild	 anticholinergic	 properties	 and
occasionally	 can	 cause	 xerostomia.4	 Carbamazepine	may	 cause	 bradycardia	 in
the	 elderly,	 and	 patients	 over	 50	 years	 of	 age	 should	 have	 a	 baseline
electrocardiogram	 completed	 prior	 to	 use.8-10	 Conversely,	 in	 young	 patients,
toxic	 carbamazepine	 levels	 will	 manifest	 with	 tachycardia.8-10	 Carbamazepine
may	cause	osteoporosis	and	elevated	alkaline	phosphatases	are	common	with	its
use.11	Carbamazepine	 is	hepatotoxic,	 and	 liver	enzyme	 tests	and	 liver	 function
tests	should	be	monitored	at	baseline	and	periodically.3,4

Carbamazepine	is	known	to	cause	blood	dyscrasias	including	aplastic	anemia,
agranulocytosis,	 leukopenia,	 thrombocytopenia,	 anemias,	and	pancytopenia.4	A
boxed	warning	for	carbamazepine-induced	aplastic	anemia	and	agranulocytosis
exists	 due	 to	 a	 risk	 five	 to	 eight	 times	 greater	 than	 in	 the	 general	 population.
However,	 the	 risk	 of	 these	 reactions	 in	 the	 general	 population	 is	 low,
approximately	six	patients	per	1	million	population	per	year	for	agranulocytosis
and	 two	 patients	 per	 1	 million	 population	 per	 year	 for	 aplastic	 anemia.7
Carbamazepine	should	be	discontinued	when	 the	white	blood	cell	count	 is	 less
than	2,500/mm3	or	the	absolute	neutrophil	count	is	less	than	1,000/mm.3,7	Most
patients	 who	 develop	 leukopenia	 do	 not	 progress	 to	 aplastic	 anemia	 or
agranulocytosis.

Carbamazepine	 has	 been	 known	 to	 cause	 the	 antiepileptic	 drug	 (AED)
hypersensitivity	 syndrome	 and	 is	 contraindicated	 due	 to	 cross-reactivity	 with
other	 aromatic	 anticonvulsant	 agents	 that	 may	 also	 cause	 the	 AED
hypersensitivity	 syndrome	 such	 oxcarbazepine,	 phenytoin,	 phenobarbital,
zonisamide,	 lamotrigine,	 lacosamide,	 and	 felbamate.12,13	 Carbamazepine-
induced	 Steven	 Johnson	 syndrome	 (SJS)	 and	 toxic	 epidermal	 necrolysis
syndrome	 (TENS)	 occur	 in	 1–6	 per	 100,000	 in	 Caucasians,	 but	 the	 incidence
increases	to	10-fold	higher	in	Asians.	A	lymphocyte	toxicity	assay	can	be	used	to
determine	patients	at	high	risk	of	carbamazepine-induced	SJS/TENS	or	the	AED
hypersensitivity	syndrome.7	Asians	and	South	Asian	Indians	are	at	high	risk	of
developing	 SJS/TENS	 because	 they	 have	 the	 human	 leukocyte	 antigen	 (HLA)
allele.	 HLA-B*1502	 genotype	 screening	 should	 be	 completed	 prior	 to
carbamazepine	 administration,	 and	 only	 after	 a	 negative	 test	 should
carbamazepine	be	administered.	Patients	 from	any	ethnicity	who	have	been	on
carbamazepine	for	several	months	without	developing	skin	reactions	are	at	low



risk	of	developing	SJS/TENS.7

Carbamazepine	 is	 known	 to	 cause	 hyponatremia	 and	 the	 syndrome	 of
inappropriate	 diuretic	 hormone	 (SIADH).14	 SIADH	 may	 present	 with	 nausea
and	 vomiting,	 depression,	 confusion,	 lethargy,	 and	 seizures.	 Because
carbamazepine	 is	 indicated	 for	 the	 treatment	 of	 bipolar	 disorders	 and	 seizures,
patients	with	an	acute	exacerbations	of	depression,	psychosis,	or	seizures	should
have	 their	 serum	 sodium	 analyzed.	 SIADH	presents	with	 serum	hyponatremia
and	 hypoosmolality	 and	 urinary	 hypernatremia	 and	 hyperosmolality.15	 Many
patients	 can	 be	 maintained	 on	 carbamazepine	 with	 mild	 hyponatremia.	 These
patients	are	asymptomatic	with	serum	sodium	levels	above	130	mEq/L.

CARBAMAZEPINE-10,11-EPOXIDE
Carbamazepine-10,11-epoxide	 (CBZE)	 is	 the	 active	 metabolite	 of
carbamazepine	 is	 both	 antiepileptic	 and	 neurotoxic.16,17	 Carbamazepine-10,11-
epoxide	 is	 50	 percent	 plasma	 protein	 bound.18	 The	 carbamazepine	 to	 CBZE
ratios	 for	 patients	 on	 monotherapy	 defined	 as	 not	 receiving	 any	 other
cytochrome	 (CYP)-450	 hepatic	 enzyme	 inducing	 AEDs	 is	 0.1–0.25	 and
increases	 with	 polytherapy	 defined	 as	 receiving	 a	 CYP-450	 hepatic	 enzyme
inducing	AED	to	0.25–0.5.19	Hence,	with	carbamazepine	monotherapy,	a	patient
with	a	carbamazepine	serum	level	of	10	mg/L	would	have	a	CBZE	serum	level
between	0.1–0.25	mg/L.	A	patient	with	a	carbamazepine	serum	level	of	10	mg/L
while	on	polytherapy	(e.g.,	phenytoin)	would	have	a	CBZE	serum	level	of	2.5–5
mg/L.	Carbamazepine-epoxide	neurotoxicity	has	been	noted	with	carbamazepine
to	CBZE	ratios	exceeding	0.35	and	CBZE	serum	levels	greater	than	2	mg/L.16-
17,19	Patients	exhibiting	carbamazepine	toxicity	but	have	normal	carbamazepine
serum	levels	should	have	their	CBZE	serum	level	assessed	for	causality.

BIOAVAILABILITY

The	 bioavailability	 of	 carbamazepine	 immediate-release	 tablets,	 chewable
tablets,	 oral	 suspension,	 and	 extended-release	 tablets	 is	 80–90	 percent.3,4	 In
order	to	determine	carbamazepine	dosing	regimens,	80	percent	(F	=	0.8)	is	used
as	 the	 bioavailability	 of	 carbamazepine.	 The	 bioavailability	 of	 the	 extended-
release	Tegretol®-XR	when	comparing	it	to	the	bioavailability	of	carbamazepine
suspension	 is	89	percent.3	Hence,	 100	mg	of	 the	 carbamazepine	 suspension	 is



equal	 to	 112	 mg	 carbamazepine	 XR.	 When	 switching	 from	 carbamazepine
suspension	to	carbamazepine	extended-release,	the	bioavailability	factor	is	0.71
(F	=	 0.71).	No	bioavailability	 data	 compares	 carbamazepine	 tablets	 to	 the	XR
dosage	form;	hence,	the	80	percent	is	the	bioavailability	that	should	be	used	(F	=
0.8).	The	salt	factors	for	all	carbamazepine	dosage	forms	are	1.

VOLUME	OF	DISTRIBUTION

The	volume	of	distribution	of	carbamazepine	 is	1.4	L/kg	based	on	actual	body
weight,	 but	 can	 range	 from	 0.8–2.0	 L/kg.20	 In	 order	 to	 dose	 carbamazepine
accurately,	 the	 volume	 of	 distribution	 of	 carbamazepine	 should	 be	 adjusted	 in
hypovolemic	or	hypervolemic	states.	The	Tmax	for	the	immediate-release	tablets
is	4–5	hours,	for	the	suspension	1–2	hours,	for	the	extended-release	tablets	is	3–
12	hours,	and	for	the	extended-release	capsules	is	4–8	hours.4	Carbamazepine	is
70–80	percent	plasma	protein	bound	primarily	to	albumin	and	to	a	lesser	extent
to	alpha-1	acid	glycoproteins.18	Albumin	concentrations	may	decrease	with	age
and	 in	 diabetes	 mellitus,	 leading	 to	 higher	 free	 carbamazepine	 serum	 levels.
Alpha-1	acid	glycoproteins	are	acute	phase	reactant	proteins	that	increase	during
stress	 scenarios	 such	 as	 inflammation	 and	 myocardial	 infarction—leading	 to
lower	 free	 carbamazepine	 serum	 levels.	 Carbamazepine	 undergoes	 diurnal
fluctuations	which	may	be	caused	by	alterations	in	protein	binding.21

HALF-LIFE	(T½)

The	 initial	half-life	of	carbamazepine	 is	25–30	hours,	 and	 its	 clearance	 is	0.02
L/kg/hr.22	 Carbamazepine	 induces	 its	 own	 metabolism	 and	 undergoes	 the
phenomenon	of	auto-induction.23,24	Carbamazepine	 autoinduction	 is	 illustrated
by	the	reduction	in	carbamazepine	half-life	from	25–30	hours	at	single	doses	to
12	hours	at	steady	state.	The	carbamazepine	half-life	with	polytherapy	is	reduced
even	further	to	6–8	hours.23,25	The	carbamazepine	clearance	in	monotherapy	is
0.064	L/hr/kg	and	in	polytherapy	it	is	0.1	L/hr/kg.18,23

CLEARANCE



Carbamazepine	is	metabolized	predominantly	via	CYP3A4	and	to	a	lesser	extent
via	 CYP2C8	 to	 the	 active	 and	 neurotoxic	 metabolite	 carbamazepine-10,11-
epoxide.18	 Carbamazepine-10,11-epoxide	 is	metabolized	 by	 epoxide	 hydrolase
to	 the	 inactive	 metabolite	 carbamazepine	 diol.23	 The	 CYP450	 inhibitors	 will
inhibit	hepatic	metabolism	of	carbamazepine	and	increase	carbamazepine	serum
concentrations.	 A	 list	 of	 CYP3A4	 inhibitors	 is	 depicted	 in	 Table	 5-1.	 The
CYP3A4	 inducers	 will	 increase	 hepatic	 metabolism	 of	 carbamazepine	 and
decrease	carbamazepine	 serum	concentrations.	A	 list	of	CYP450	and	CYP3A4
inducers	is	depicted	in	Table	5-2.

TABLE	5-
1 List	of	CYP3A4	Inhibitors

1.	Grapefruit	juice,	red	wine
2.	Quinine,	tonic	water	(weak)
3.	Amiodarone
4.	Dronedarone
5.	Diltiazem
6.	Verapamil
7.	Clarithromycin
8.	Erythromycin
9.	Troleandomycin
10.	Fluconazole
11.	Ketoconazole
12.	Itraconazole
13.	Voriconazole
14.	Miconazole	IV
15.	Metronidazole	(weak)
16.	Fluoxetine
17.	Fluvoxamine
18.	Nefazodone
19.	Sertraline	(weak)
20.	Indinavir
21.	Tipranavir
22.	Nelfinavir
23.	Fosamprenavir



24.	Ritonavir
25.	Atazanavir
26.	Saquinavir
27.	Darunavir
28.	Cimetidine
29.	Omeprazole	(weak)
30.	Zafirlukast	(weak)
31.	Isoniazid	(weak)

TABLE	5-
2 List	of	CYP450	Inducers

DIURNAL	FLUCTUATIONS



Diurnal	 fluctuations	 generally	 occur	 in	 40	 percent	 of	 patients	 receiving
carbamazepine	with	dosing	three	times	a	day,	and	the	fluctuations	increase	to	75
percent	 with	 polytherapy.21	 Diurnal	 fluctuations	 may	 be	 due	 to	 changes	 in
carbamazepine	 protein	 binding,	 changes	 in	 metabolism,	 and	 carbamazepine’s
mild	 anticholinergic	 effects	 that	 decrease	 absorption	 from	 the	 gastrointestinal
tract.	 Carbamazepine	 may	 undergo	 Michaelis-Menten	 pharmacokinetic
absorption.	 Due	 to	 the	 diurnal	 fluctuations	 the	 carbamazepine	 serum	 levels
accompanied	 by	 CNS	 toxicity	 may	 increase	 gradually	 throughout	 the	 day.	 In
order	to	minimize	the	effects	of	diurnal	fluctuations,	consider	administering	the
highest	doses	of	carbamazepine	at	bedtime	or	use	a	longer	dosing	interval	prior
to	the	evening	dose,	or	use	an	extended-release	dosage	form.	When	monitoring
for	 toxicity,	diurnal	 fluctuations	may	 limit	 the	clinician’s	ability	 to	 rely	on	one
single	level	that	is	not	taken	at	the	time	of	toxic	manifestations.

DOSING

The	 approved	 dosing	 for	 carbamazepine	 prompt	 or	 extended-release	 in	 adults
and	children	over	12	years	of	age	is	200	mg	twice	daily	or	100	mg	four	times	a
day	 as	 suspension.7	 The	 carbamazepine	 dose	 should	 be	 increased	 up	 to	 200
mg/day	 at	 weekly	 intervals	 to	 a	 usual	 dose	 of	 800–1,200	 mg/day.4	 The
immediate-release	tablets	are	dosed	three	to	four	times	a	day.	The	usual	dose	for
bipolar	disorders	is	up	to	1,600	mg/day.	The	usual	dose	for	neuropathic	pain	is
400–800	mg/day.3

LOADING	DOSES
Traditionally,	 carbamazepine	was	 not	 loaded	 due	 to	 significant	 gastrointestinal
and	 CNS	 adverse	 effects.	 However,	 a	 comprehensive	 review	 of	 loading	 dose
studies	yields	either	no	adverse	effects,	only	gastrointestinal	side	effects	or	only
CNS	adverse	effects,	and	in	many	cases	the	adverse	effects	were	tolerable.1,26-29
Rapid	carbamazepine	loading	can	be	achieved	with	the	suspension	dosage	form,
and	a	“therapeutic”	serum	level	of	4	mg/dl	can	be	achieved	within	1–2	hours;	the
serum	level	will	continue	to	rise	over	the	next	4–8	hours.	Carbamazepine	can	be
loaded	with	8	mg/kg	 in	monotherapy	 followed	by	 the	maintenance	dose	 in	 12
hours	 and	 a	 higher	 dose	 of	 10	 mg/kg	 with	 polytherapy	 followed	 by	 the
maintenance	dose	 in	 8	 hours.30	Loading	doses	of	 carbamazepine	 allow	 for	 the
fastest	oral	loading	of	any	AED	including	phenytoin	(6–10	hours)	and	valproate



(1–2	days).31

CARBAMAZEPINE	DOSAGE	FORMS
Carbamazepine	 is	not	available	as	an	 intravenous	or	parenteral	dosage	 form;	 it
can	only	be	administered	enterally.	Carbamazepine	is	available	as	an	immediate-
release	dosage	form	in	100	mg	chewable	tablets	and	200	mg	scored	tablets	that
can	 be	 divided	 in	 half.4	 The	 immediate-release	 dosage	 form	 is	 designed	 to	 be
administered	two	times	a	day	when	initiating	therapy	and	three	or	four	 times	a
day	 for	 maintenance	 doses.	 Moisture	 significantly	 reduces	 the	 potency	 of
carbamazepine	tablets;	hence	carbamazepine	must	be	stored	in	tightly	closed	or
sealed	vials	and	bottles.32	Carbamazepine	suspension	achieves	a	higher	Cmax	and
faster	 Tmax	 than	 the	 tablets.4	 The	 carbamazepine	 suspension	 allows	 for	 more
reliable	and	smoother	absorption	than	the	carbamazepine	tablets.	Carbamazepine
suspension	may	be	administered	via	 feeding	 tubes.	Enteral	nutrition	feeds	may
decrease	 the	 absorption	 of	 carbamazepine	 by	 20	 percent.	 The	 suspension	 is
dosed	with	a	greater	frequency	than	the	tablets	and	should	be	administered	four
times	a	day.4

Carbamazepine	is	available	as	an	extended-release	dosage	form	that	is	dosed
every	 12	 hours.7	 The	 extended-release	 dosage	 forms	 are	 bioequivalent	 to	 the
immediate-release	 tablets.	The	 total	daily	dose	of	 the	 immediate-release	 tablets
can	 be	 administered	 twice	 daily	 with	 the	 extended-release	 tablets.	 A	 patient
using	 200	 mg	 four	 times	 a	 day	 of	 immediate-release	 carbamazepine	 can	 be
switched	to	carbamazepine	extended-release	400	mg	twice	a	day	every	12	hours.
The	Tegretol-XR	dosage	form	uses	an	osmotic-release	delivery	system—a	single
opening	drilled	on	one	side	of	the	tablet	is	for	drug	release.33	Patients	should	be
counseled	that	the	tablet	will	increase	in	size	and	the	casing	will	be	excreted	in
the	 feces.	 In	 order	 to	 ensure	 the	 integrity	 of	 the	 osmotic	 delivery	 system,
pharmacy	 personnel	 should	 examine	 for	 chips	 and	 cracks	 on	 the	 extended-
release	tablets.	The	extended	release	carbamazepine	tablets	cannot	be	crushed	or
chewed.

The	extended-release	capsules,	Carbatrol,	 are	 indicated	 for	 epilepsy	and	are
administered	every	12	hours.3	The	Carbatrol	capsules	use	the	microtol	delivery
system	 and	 contain	 three	 types	 of	 beads:	 immediate-release,	 extended-release,
and	enteric-release.33-34	Although	the	beads	in	the	capsules	cannot	be	chewed	or
crushed,	 they	can	be	opened	and	sprinkled	 in	 food.	Additionally,	 the	Carbatrol
capsules	 may	 be	 opened	 and	 mixed	 with	 30	 mL	 of	 diluent	 and	 quickly



administered	 through	 a	 feeding	 tube	 larger	 than	12	French.	The	 recommended
diluent	is	either	normal	saline	or	apple	juice;	D5W	or	sterile	water	should	not	be
used	 with	 Carbatrol	 due	 to	 the	mixture’s	 propensity	 to	 clog	 the	 feeding	 tube.
Both	Carbatrol	and	Tegretol-XR	are	bioequivalent;	however,	Carbatrol	has	 less
variability	in	the	rate	of	absorption	than	Tegretol-XR.	Carbatrol	and	Tegretol-XR
are	 indicated	 for	 epilepsy,	while	Equetro	 is	 a	mood	 stabilizer	 indicated	 for	 the
treatment	of	 acute	manic	or	mixed	episodes	 associated	with	bipolar	 I	 disorder.
Equetro	 is	 a	 two-piece	 hard	 gelatin	 capsule	 that	 should	 not	 be	 crushed	 or
chewed,	 but	 may	 be	 opened	 and	 the	 beads	 sprinkled	 over	 food.34	 The
carbamazepine	dosage	forms,	product	names,	strengths,	and	generic	availability
is	depicted	in	Table	5-3.

TABLE	5-
3 Carbamazepine	Dosage	Forms



CARBAMAZEPINE	BLOOD	SAMPLING

The	time	to	carbamazepine	steady	state	depends	on	the	carbamazepine	half-life
and	 the	 completion	of	 autoinduction,	 hence	 the	 true	 carbamazepine	half-life	 is
difficult	 to	 ascertain.	 Additionally,	 carbamazepine	 absorption	 may	 occur
throughout	 the	 dosing	 interval.	 Carbamazepine	 levels	 are	 most	 accurate	 after
autoinduction	is	complete.	As	with	all	AEDs,	trough	levels	are	recommended	to
ensure	 that	 the	serum	levels	are	always	above	 the	 lower	end	of	 the	 therapeutic



range,	 in	 the	 case	of	 carbamazepine	 the	 trough	 serum	 level	 should	not	 be	 less
than	4	mg/L.	Carbamazepine	levels	may	be	measured	weekly	while	 titrating	to
the	 desired	 maintenance	 dose.	 Stable	 patients	 may	 be	 monitored	 every	 3–6
months.	When	a	loading	dose	with	carbamazepine	suspension	is	administered,	a
serum	level	may	be	taken	after	2	hours	to	ensure	that	the	carbamazepine	level	is
therapeutic.

CASES

CASE	1:	DIURNAL	FLUCTUATIONS
ES	is	a	55-year-old	white	female	on	carbamazepine	200	mg	every	6	hours	(qid)
for	 partial	 seizures.	 She	 is	 experiencing	 evening	 CNS	 adverse	 effects.	 A
carbamazepine	serum	level	at	12	noon	is	4	mg/L	and	is	within	the	target	range;
hence	the	medical	team	does	not	suspect	carbamazepine	toxicity.	Is	this	patient
undergoing	carbamazepine	CNS	toxicity?

Answer:
Because	 carbamazepine	 undergoes	 diurnal	 fluctuations	 presenting	 with
carbamazepine	 serum	 levels	 that	 gradually	 increase	 throughout	 the	day,	 the	12
noon	 carbamazepine	 trough	 level	 may	 not	 reflect	 the	 patient’s	 carbamazepine
trough	level	in	the	evening.	One	can	confirm	that	the	carbamazepine	is	causing
the	patient’s	CNS	toxicity	by	checking	evening	serum	levels	of	carbamazepine
or	by	simply	adjusting	the	carbamazepine	dose	so	that	the	lowest	dose	of	the	day
is	 during	 the	 evening	 hours	 and	 monitoring	 for	 improvement	 of
symptomatology.	 In	 this	case	 serial	 carbamazepine	 trough	 levels	were	checked
and	are	denoted	in	the	following	table:



In	ES,	a	new	carbamazepine	dosing	regimen	with	the	same	total	daily	dose,
but	 a	 lower	 evening	dose	will	minimize	 the	 impact	of	diurnal	 fluctuations	 and
the	evening	CNS	adverse	effects.	Alternatively,	switching	from	four	times	a	day
dosing	 to	 three	 times	a	day	dosing,	 such	 that	 the	6	p.m.	dose	 is	 skipped	and	a
larger	dose	is	administered	at	bedtime	will	also	minimize	the	impact	of	diurnal
fluctuations	and	the	evening	CNS	adverse	effects.	A	new	recommended	dosing
regimen	for	this	patient	is	carbamazepine	200	mg	bid	at	8	a.m.	and	2	p.m.	and
400	mg	HS.

CASE	2:	EMPIRIC	CARBAMAZEPINE	LOADING	DOSE
TG	 is	 a	 50-year-old,	 70	 kg	 male,	 with	 new	 onset	 generalized	 tonic-clonic
seizures.	 Calculate	 an	 empiric	 carbamazepine	 loading	 dose	 for	 this	 patient.
When	should	the	maintenance	dose	be	started?

Answer:



Administer	carbamazepine	suspension	(100	mg/5	mL)	560	mg	=	28	mL	p.o.
as	one	dose.

Because	 the	 patient	 is	 not	 hepatically	 induced,	 begin	 the	 carbamazepine
maintenance	dose	in	12	hours.

CASE	3:	EMPIRIC	CARBAMAZEPINE	LOADING	DOSE	AND
MAINTENANCE	DOSE
AJ	is	a	61-year-old,	100	kg	male	to	be	placed	on	carbamazepine	for	new	onset
clonic	seizures.	The	neurologist	would	like	AJ	to	receive	a	loading	dose	and	then
to	 be	 placed	 on	 a	 maintenance	 dose	 of	 800	 mg	 daily.	 Calculate	 an	 empiric
carbamazepine	 loading	 dose	 for	 AJ.	 When	 should	 the	 maintenance	 dose	 be
started?

Answer:

Administer	carbamazepine	suspension	(100	mg/5	mL)	800	mg	=	40	mL	p.o.
as	one	dose.

Because	 the	 patient	 is	 not	 hepatically	 induced,	 begin	 the	 carbamazepine
maintenance	dose	in	12	hours.

Due	 to	carbamazepine	autoinduction	 it	will	 take	 three	weeks	 to	achieve	 the
maintenance	dose	of	800	mg/day.	The	carbamazepine	dose	should	be	increased
by	200	mg	weekly	until	autoinduction	is	complete,	generally	within	21–28	days.
The	following	regimen	should	be	recommended:

Carbamazepine	200	mg	tablets:
Week	1:	200	mg	bid



Week	2:	200	mg	tid
Week	3:	200	mg	qid

CASE	4:	EMPIRIC	CARBAMAZEPINE	LOADING	DOSE	AND
MAINTENANCE	DOSE
DP	is	a	50-year-old,	100	kg	white	male,	on	carbamazepine	200	mg	qid	and	HS
for	 generalized	 tonic-clonic	 seizures.	 DP	was	 noncompliant	 over	 the	 weekend
and	 is	having	withdrawal	 seizures—his	 carbamazepine	 level	 is	 zero.	Calculate
an	 empiric	 carbamazepine	 loading	 dose	 for	 DP	 and	 restart	 his	 maintenance
dose.	When	should	the	maintenance	dose	be	started?

Answer:

Administer	carbamazepine	suspension	1,000	mg	=	50	mL	(100	mg/5	mL)	p.o.
as	one	dose.

Begin	the	carbamazepine	maintenance	dose	in	8	hours.
The	maintenance	dose	is	carbamazepine	200	mg	p.o.	qid	and	HS.
Generally	the	hepatic	induction	effects	of	carbamazepine	will	persist	for	7–10

days.	Although	DP	has	not	been	receiving	carbamazepine	for	2–3	days,	he	is	still
hepatically	 induced	 and	 will	 require	 more	 aggressive	 carbamazepine	 loading
doses,	the	start	of	an	earlier	maintenance	dose,	and	will	not	require	any	weekly
titrations	 of	 carbamazepine.	 After	 completing	 the	 loading	 dose,	 DP	 should	 be
placed	on	his	usual	carbamazepine	dose	of	200	mg	qid	and	HS.

CASE	5:	EMPIRIC	CARBAMAZEPINE	LOADING	DOSE	AND
MAINTENANCE	DOSE
RS	 is	 a	 40-year-old,	 60	 kg	 white	 female	 on	 carbamazepine	 200	 mg	 qid	 and
phenytoin	100	mg	tid	for	generalized	tonic-clonic	epilepsy.	RS	was	noncompliant



with	 her	 carbamazepine	 for	 the	 past	 10	 days	 and	 is	 having	 breakthrough
seizures.	 Stat	 serum	 AED	 levels	 are	 phenytoin	 12	mg/L	 and	 carbamazepine	 0
mg/L.	Calculate	an	empiric	carbamazepine	loading	dose	for	RS	and	restart	her
maintenance	dose.	When	should	the	maintenance	dose	be	started?

Answer:

Administer	carbamazepine	suspension	(100	mg/5	mL)	600	mg	=	30	mL	p.o.
as	one	dose.

Begin	the	carbamazepine	maintenance	dose	in	8	hours	at	200	mg	p.o.	qid.
Because	 this	 patient	 is	 on	 polytherapy	 and	 hepatically	 induced	 with

phenytoin,	 accounting	 for	 carbamazepine	 autoinduction	 is	 not	 warranted	 and
weekly	 carbamazepine	 dose	 titration	 should	 not	 be	 used	 in	 order	 to	 avoid
subtherapeutic	serum	levels.

CASE	6:	LOADING	DOSE	AND	MAINTENANCE	DOSE

AA	is	an	80-year-old	African	American	male	to	be	placed	on	carbamazepine	for
partial	 seizures	with	 complex	 symptomatology.	He	 is	 on	no	other	medications.
The	medical	team	would	like	you	to	calculate	a	carbamazepine	loading	dose	to
achieve	a	 target	 level	 of	 10	mg/L	and	a	maintenance	dose	 to	 achieve	a	 target
level	of	8	mg/L.	When	should	the	maintenance	dose	be	started?

Height:	6	foot
Weight:	80	kg

Answer:



Administer	carbamazepine	suspension	(100	mg/5	mL)1,400	mg	=	70	mL	p.o.
as	one	dose.

Begin	the	maintenance	dose	in	12	hours.

Answer:

The	maintenance	 dose	 may	 be	 rounded	 down	 to	 1,200	mg	 or	 400	mg	 tid.
Because	 the	 patient	 is	 naïve	 to	 carbamazepine	 and	 is	 not	 on	 any	 enzyme
inducers,	the	pharmacist	will	have	to	account	for	carbamazepine	autoinduction,
and	 carbamazepine	 should	 be	 titrated	 weekly	 to	 the	 full	 dose.	 The	 following
carbamazepine	regimen	should	be	used:

Week	1:	Carbamazepine	200	mg	bid



Week	2:	Carbamazepine	200	mg	tid
Week	3:	Carbamazepine	200	mg	qid
Week	4:	Carbamazepine	400	mg	tid

CASE	7:	LOADING	DOSE	AND	MAINTENANCE	DOSE
JM	is	a	60-year-old	Hispanic	male	is	to	be	placed	on	carbamazepine	for	partial
seizures.	He	is	on	phenobarbital	30	mg	bid.	The	medical	team	would	like	you	to
calculate	a	 carbamazepine	 loading	dose	 to	achieve	a	 target	of	 10	mg/L	and	a
maintenance	 dose	 to	 achieve	 a	 target	 level	 of	 9	 mg/L.	 When	 should	 the
maintenance	dose	be	started?

Height:	6	feet
Weight:	90	kg

Answer:

The	 loading	 dose	 may	 be	 rounded	 upward	 to	 1,600	 mg.	 Administer
carbamazepine	suspension	(100	mg/5	mL)	1,600	mg	=	80	mL	p.o.	as	one	dose.

The	maintenance	dose	should	begin	in	8	hours.



The	maintenance	dose	may	be	rounded	down	to	2,400	mg	daily.	Because	the
patient	 is	 on	 concomitant	 phenobarbital	 a	 potent	 hepatic	 inducer	 of
carbamazepine,	 carbamazepine	 autoinduction	 will	 not	 occur	 and	 is
inconsequential.	The	following	three	carbamazepine	regimens	may	be	used:
1.	Carbamazepine	600	mg	qid,	or
2.	Tegretol-XR	1,200	mg	q12h,	or
3.	Carbatrol	1,200	mg	q12h	(bid)

CASE	8:	LOADING	DOSE	AND	MAINTENANCE	DOSE
WM	 is	 a	 47-year-old	 white	 male	 who	 is	 to	 be	 placed	 on	 carbamazepine	 for
partial	seizures.	He	is	on	phenytoin	330	mg	HS	and	Topiramate	200	mg	bid	but
still	has	 three	seizures	weekly.	The	medical	 team	would	 like	you	 to	calculate	a
carbamazepine	 loading	dose	 to	achieve	a	 target	of	8	mg/L	and	a	maintenance
dose	to	achieve	a	target	of	target	6	mg/L.	When	should	the	maintenance	dose	be
started?

Height:	5′10″
Weight:	60	kg

Answer:



Administer	carbamazepine	suspension	(100	mg/5	mL)	840	mg	=	42	mL	p.o.
as	one	dose.

Because	the	patient	is	on	phenytoin	a	potent	CYP3A4	inducer	and	topiramate
a	mild-to-moderate	CYP3A4	 inducer,	 the	maintenance	 dose	 should	 begin	 in	 8
hours.

Answer:

Because	the	patient	is	on	concomitant	phenytoin	and	topiramate	both	induce
CYP3A4,	no	further	autoinduction	with	carbamazepine	will	occur.	Initially,	 the
carbamazepine	 dose	 can	 be	 rounded	 down	 to	 1	 g	 daily.	 The	 following	 four
carbamazepine	regimens	may	be	used:
1.	Carbamazepine	200	mg	qid	&	HS
2.	Carbamazepine	300	mg	qid



3.	Tegretol-XR	500	mg	q12h	(bid)	or	600	mg	q12h	(bid)
4.	Carbatrol	500	mg	q12h	(bid)	or	600	mg	q12h	(bid)

CASE	9:	INCREMENTAL	LOADING	DOSE
HN	is	a	39-year-old	white	female	who	has	been	on	carbamazepine	XR	300	mg
BID.	She	is	having	breakthrough	seizures.	A	stat	carbamazepine	level	is	2	mg/L.
Calculate	 a	 carbamazepine	 loading	 dose	 to	 achieve	 a	 target	 serum	 level	 of	 9
mg/L.	When	should	the	maintenance	dose	be	started?

Height:	5′7″
Weight:	55	kg

Answer:

The	loading	dose	may	be	rounded	off	to	680	mg.	Administer	carbamazepine
suspension	(100	mg/5	mL)	60	mg	=	34	mL	p.o.	as	one	dose.

Begin	maintenance	dose	in	8	hours.



CASE	10:	LOADING	DOSE	AND	MAINTENANCE	DOSE
LT	 is	 a	 45-year-old	 white	 male	 who	 is	 to	 be	 placed	 on	 carbamazepine	 for
refractory	complex	partial	seizures.	He	is	on	gabapentin	and	levetiracetam.	He
completed	 a	 regimen	 of	 isoniazid,	 rifampin,	 ethambutol,	 and	 pyrazinamide	 2
weeks	ago.	Calculate	a	carbamazepine	 loading	dose	 to	achieve	a	 target	serum
level	 of	 10	 mg/L,	 and	 a	 maintenance	 dose	 to	 achieve	 a	 steady	 state
carbamazepine	level	of	7	mg/L.	When	should	the	maintenance	dose	be	started?

Height:	6	feet
Weight:	85	kg

Answer:

The	 loading	 dose	may	 be	 rounded	 to	 1,500	mg.	Administer	 carbamazepine
suspension	(100	mg/5	mL)	1,500	mg	=	75	mL	p.o.	as	one	dose.

Answer:



The	carbamazepine	maintenance	dose	may	be	rounded	up	to	1,200	daily.
The	patient	 is	on	rifampin,	a	potent	CYP3A4	enzyme	inducer	 that	 increases

hepatic	 clearance	 of	 carbamazepine;	 the	 enzyme	 induction	 effects	may	 persist
for	up	 to	7–10	days.	Because	rifampin	was	discontinued	14	days	ago,	he	 is	no
longer	enzyme-induced,	and	carbamazepine	autoinduction	should	be	accounted
for	with	weekly	dose	titration.

The	following	carbamazepine	dosing	regimen	should	be	used:
Week	1:	Carbamazepine	200	mg	bid
Week	2:	Carbamazepine	200	mg	tid
Week	3:	Carbamazepine	200	mg	qid
Week	4:	Carbamazepine	400	mg	tid

CASE	11:	INCREMENTAL	LOADING	DOSE	WITH
HYPERVOLEMIA
CR	 is	 a	 55-year-old	 male,	 a	 critically	 ill	 septic	 patient	 who	 is	 having
breakthrough	 generalized	 tonic-clonic	 seizures.	 He	 has	 a	 history	 of	 epilepsy
maintained	on	Tegretol-XR	600	mg	bid.	He	received	6	L	of	intravenous	fluid,	is
third	 spacing,	 and	 his	 current	 weight	 is	 75	 kg.	 He	 has	 been	 placed	 on	 a
nasogastric	 tube.	 A	 stat	 carbamazepine	 level	 is	 1	 mg/L.	 Calculate	 a
carbamazepine	loading	dose	to	achieve	a	target	serum	level	of	8	mg/L.
Height:	5′10″
Weight:	73	kg



Answer:

Because	the	patient	is	third	spacing,	has	received	6	L	of	fluid,	and	his	weight
has	 increased	 to	 75	 kg,	 the	 carbamazepine	 Vd	 to	 calculate	 his	 loading	 dose
should	 be	 increased.	 The	 population	Vd	 is	 1.4	 L/kg;	 however,	 in	 critically	 ill
patients	the	Vd	is	higher	and	may	be	as	high	as	2	L/kg.	In	this	case,	the	clinician
may	estimate	the	Vd	to	be	1.8	L/kg	to	calculate	the	loading	dose.

The	loading	dose	may	be	rounded	off	to	1,200	mg.	Administer	carbamazepine
suspension	(100	mg/5	mL)1,200	mg	=	60	mL	p.o.	as	one	dose.

Begin	the	maintenance	dose	in	8	hours.
Because	 this	 patient	 has	 been	 placed	 on	 a	 nasogastric	 tube,	 he	 may	 be

switched	 to	 immediate-release	 carbamazepine	 suspension	 or	 extended-release
Carbatrol.	Tegretol-XR	cannot	be	crushed	and	administered	via	a	feeding	tube.
Carbatrol	may	be	opened	and	mixed	with	either	normal	saline	or	apple	juice	and
administered	through	the	adult	feeding	tube.	CR	may	be	placed	on	Carbatrol	600
mg	bid.
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Digitalis	 is	 the	 oldest	 cardiovascular	 compound	 still	 in	 use	 today.1	 More	 than
200	years	ago,	Sir	William	Withering	observed	 that	 foxglove	flower	derivative
(digitalis	 purpura)	 could	 be	 used	 for	 “cardiac	 dropsy.”2	 Since	 that	 time,	 the
positive	 hemodynamic,	 neurohormonal,	 and	 electrophysiologic	 effects	 of
digoxin	have	been	well	explored.1

The	 pharmacodynamic	 effects	 of	 digoxin	 include	 increased	 cardiac	 output,
decreased	pulmonary	capillary	wedge	pressure,	and	 increased	ejection	fraction.
The	neurohormonal	effects	of	digoxin	include	improved	baroreceptor	sensitivity,
decreased	norepinephrine	concentration,	decreased	renin-angiotensin	activations,
sympathoinhibitory	effect,	 and	 increase	 release	of	atrial	natriuretic	peptide	and
brain	natriuretic	peptide.	The	electrophysiological	effects	are	primarily	mediated
through	the	interaction	of	digoxin	with	the	sodium-potassium-ATPase	pump.1,2

Digoxin	increases	contractility	by	inhibiting	the	sodium-potassium	exchange
in	the	sodium-potassium-ATPase	pump	leading	to	an	increase	of	sodium	in	the
myocytes.	 This	 increase	 results	 in	 decreased	 outflow	 of	 calcium	 from	 the
myocyte	and	greater	contractile	force	of	the	myocardium.1,2

Digoxin	 also	 has	 electrophysiological	 effects.	 It	 has	 the	 ability	 to	 slow
conduction	through	the	AV	node	and	it	can	slow	the	sinus	rate	via	the	S-A	node.



It	is	these	effects	that	allow	it	to	be	used	for	atrial	fibrillation.3

PHARMACOKINETIC	PARAMETERS

The	bioavailability	of	digoxin	can	range	from	70	percent	to	nearly	100	percent,
depending	on	the	type	of	oral	formulation.	The	elixir	and	tablet	formulations	are
approximately	 80	 percent	 and	 70	 percent	 bioavailable,	 respectively.4
Encapsulated	digoxin	solution	is	close	to	100	percent	bioavailable,	but	no	longer
manufactured.	 The	 bioavailability	 of	 intravenous	 digoxin	 is	 always	 complete.
The	estimated	elimination	half-life	of	digoxin	can	take	as	long	as	48	hours.5

Digoxin	 is	 roughly	 30	percent	 protein	 bound	 in	 the	 plasma	 and	has	 a	 large
volume	of	 distribution	 (VD)	of	 nearly	 7	L/kg	 in	 healthy	 adults.5,6	 It	 follows	a
two-compartment	kinetic	model	with	an	initial	distribution	phase	into	the	central
compartment	consisting	primarily	of	plasma	and	highly	perfused	tissues,	such	as
the	 liver.	A	 second,	 slower	distribution	phase	 soon	occurs	 and	moves	 the	drug
out	 of	 the	 central	 compartment	 and	 into	 the	 peripheral,	 deep	 tissue
compartment.5	 The	 target	 site,	 the	 myocardium,	 is	 affected	 by	 drug
concentration	 in	 the	peripheral	compartment	and,	 therefore,	 clinical	effect	may
not	 be	 seen	 until	 sufficient	 drug	 has	 accumulated	 at	 that	 site,	which	may	 take
several	 hours	 after	 a	 loading	 dose.	 Serum	 drug	 concentrations	 early	 after	 a
loading	dose	may	not	represent	the	true	drug	concentration	at	the	site	of	action
and	may	lead	to	inappropriate	dosage	adjustments.

The	VD	in	obese	patients	best	correlates	with	ideal	body	weight,	rather	than
actual	 body	 weight.7	 Due	 to	 digoxin’s	 hydrophilic	 nature,	 it	 does	 not
significantly	distribute	into	adipose	tissue.	However,	actual	body	weight	should
be	used	 in	underweight	patients,	whose	 ideal	body	weight	 is	greater	 than	 their
actual	 body	 weight.	 Pediatric	 patients	 have	 a	 higher	 percentage	 of	 total	 body
water	and,	therefore,	would	have	an	increased	volume	of	distribution	relative	to
their	adult	counterparts.

METABOLISM	AND	ELIMINATION
Digoxin	is	primarily	eliminated	via	renal	excretion	as	unchanged	drug	but	does
undergo	hepatic	metabolism	to	a	small	extent.5,8	Roughly	15–20	percent	of	 the
drug	 is	 metabolized,	 with	 digoxigenin	 bisdigitoxoside	 and	 digoxigenin
monodigitoxoside	 being	 the	 primary	 metabolites.	 The	 metabolic	 pathway	 for



digoxin	 includes	 sequential	 hydrolysis	 followed	 by	 conjugation	 and	 oxidation
into	polar	metabolites.5,9	The	cytochrome	P450	isoenzyme	system	is	responsible
for	 some	 of	 digoxin’s	metabolism,	 but	 only	 to	 a	minor	 extent.	 As	 such,	 drug
interactions	with	 agents	 that	 inhibit	 or	 induce	CYP450	are	minimal.	Digoxin’s
metabolites	 have	 limited	 cardioactive	 properties	when	 compared	 to	 the	 parent
compound	and	these	metabolites	primarily	undergo	renal	elimination.9

Roughly	80	percent	of	a	digoxin	dose	is	eliminated	as	unchanged	drug	by	the
kidneys.	Renal	 elimination	 of	 digoxin	 occurs	 through	 a	mixture	 of	 glomerular
filtration	 and	 active	 tubular	 secretion.5,8-10	 Tubular	 secretion	 is	 mediated
primarily	 by	 the	 P-glycoprotein	 transporter	 and	 is	 subject	 to	 drug	 interaction
risks.	For	patients,	dosing	and	safety	concerns	are	highly	dependent	upon	renal
function.	 Patients	 with	 severe	 renal	 dysfunction	 may	 encounter	 drug
accumulation	and	toxicity.	Monitoring	of	renal	function	is	necessary	for	patients
receiving	 digoxin	 therapy,	 and	 creatinine	 clearance	 estimates	 remain	 the	most
important	clinical	tool	to	ensure	appropriate	dosing.	Specific	dosing	adjustments
are	 recommended	for	patients	with	decreased	creatinine	clearance.11	Due	 to	 its
high	volume	of	distribution,	digoxin	is	removed	negligibly	by	hemodialysis,	and
clinical	 data	 have	 indicated	 higher	 mortality	 rates	 for	 digoxin-treated	 patients
who	 require	 hemodialysis.12,13	 Extreme	 caution,	 and	 possibly	 alternative
therapy,	is	required	for	these	patients.

THERAPEUTIC	CONCENTRATIONS

CHRONIC	HEART	FAILURE	(CHF)
Historically,	higher	concentrations	and	wider	 targets	were	accepted	for	patients
on	digoxin,	but	contemporary	 literature	suggests	a	more	conservative	approach
in	 patients	with	 heart	 failure.	 The	 new	 desired	 therapeutic	 range	 is	 lower	 and
narrower	at	0.5–0.9	ng/mL	or	less	than	1	ng/mL.14	Recent	studies	suggest	that	in
addition	to	the	positive	inotropic	effects	of	digoxin,	neurohormonal	modulation
through	 inhibition	 of	 Na-K	 ATPase	 is	 evident	 at	 low	 digoxin	 concentrations.
Further	 decreases	 in	 norepinephrine	 concentrations	 are	 not	 observed	 as	 the
concentration	of	digoxin	increases.	In	other	words,	digoxin	serum	concentrations
between	 0.7	 ng/mL	 and	 1.2	 ng/mL	 attain	 therapeutic	 benefit	while	 decreasing
risk	of	toxicity	in	patients	with	CHF.15,16



ATRIAL	FIBRILLATION	(AF)
In	 patients	 with	 atrial	 fibrillation,	 the	 traditionally	 accepted	 range	 of	 digoxin
serum	 concentration	 is	 0.5–2	 ng/mL,	 but	 achieving	 rate	 control	 may	 require
targeting	 higher	 serum	 concentrations.	 In	 some	 patients,	 concentrations	 >2
ng/mL	may	be	required	to	adequately	control	ventricular	rate.	However,	higher
levels	 are	 more	 often	 associated	 with	 toxicity	 (See	 DIGOXIN	 TOXICITY
Section).

In	 general,	 the	 routine	measurement	 of	 digoxin	 serum	concentrations	 is	 not
always	necessary.	Digoxin	toxicity	and	explaining	poor	response	to	therapy	are
the	main	indications	for	measurement	of	serum	digoxin	concentrations.	Clinical
response	to	therapy	should	always	be	considered	first.11,17

SAMPLING

Following	 a	 loading	 dose,	 serum	 digoxin	 concentration	 should	 be	 obtained	 at
approximately	 6–8	 hours	 following	 the	 loading	 dose.	 Levels	 obtained	 earlier
may	be	falsely	elevated	due	to	the	slow	distribution	phase.	Once	steady	state	has
been	achieved,	which	usually	occurs	in	about	7	to	14	days	after	a	maintenance
regimen	is	 initiated	or	changed,	routine	samples	for	digoxin	monitoring	should
be	drawn	just	before	the	next	dose	is	due.4,11

DOSING

LOADING	DOSE
Loading	doses	are	generally	unnecessary	and	not	required	when	digoxin	is	used
to	treat	CHF.	In	this	patient	population,	digoxin	is	used	for	its	positive	inotropic
effects	 and	neurohormonal	modulation.	 It	 should	be	 initiated	 at	 a	maintenance
dose	dependent	on	factors	such	as	age,	lean	body	weight,	and	renal	function.16	In
atrial	 fibrillation,	 digoxin	 loading	 dose	 may	 be	 administered	 at	 the	 onset	 of
therapy	to	achieve	a	rapid	attainment	of	target	concentration.	The	advantage	of
giving	a	 loading	dose	must	be	weighed	against	 the	disadvantage	of	exposing	a
patient	to	an	abrupt	toxic	concentration	of	digoxin.	To	achieve	adequate	response
and	 avoid	 toxicity,	 prescribers	 must	 account	 for	 patient-specific	 dosing



characteristics	 such	 as	 lean	 body	weight,	 age,	 renal	 function,	 and	 concomitant
medications.	These	factors	will	vary	from	patient	to	patient.1,3,18

If	a	loading	dose	is	used,	it	should	be	given	in	divided	dosing	to	decrease	the
occurrence	of	 toxic	 concentrations.	 Intravenous	doses	 can	be	given	 in	2-	 to	4-
hour	intervals	while	oral	formulations	can	be	given	in	6-	to	8-hour	intervals.	For
example,	 a	 1	 mg	 digoxin	 oral	 loading	 dose	 can	 be	 given	 as	 a	 0.5	 mg	 dose
followed	by	a	0.25	mg	dose	every	6	hours	for	2	doses	with	careful	monitoring	of
the	patient	for	efficacy	and	toxicity.

A	loading	dose	can	be	calculated	using	the	following	equation:

LD	=	(VD)(C	in	ng/mL)/(F)

where	VD	is	the	volume	of	distribution,	C	is	the	desired	concentration,	and	F	is
the	bioavailability	of	the	formulation.

Example	I
MS	 is	 a	 47-year-old	 female	 to	 be	 initiated	 on	 intravenous	 digoxin	 for	 atrial
fibrillation.	Her	weight	is	60	kg	and	height	is	65	inches.	Her	CrCl	is	estimated	to
be	 at	 95	 mL/min.	 Calculate	 her	 digoxin	 loading	 dose	 for	 a	 desired	 plasma
concentration	of	1	ng/mL.

Loading	dose	=	(VD)(C)/(F)

First	calculate	VD	(using	the	Jusko	equation).

MAINTENANCE	DOSE



Most	patients	with	CHF	will	achieve	the	target	serum	digoxin	concentration	of
0.5	 to	1.0	ng/mL	with	doses	of	0.125	 to	0.25	mg	daily.	The	dosing	nomogram
designed	by	Bauman	and	colleagues	and	the	dosing	formula	by	Koup	and	Jusko
have	 been	 found	 to	 be	 the	 best	 methods	 of	 estimating	 digoxin	 dose	 in	 this
modern	era	of	new	therapeutic	range	of	digoxin	in	heart	failure	patients.18,19	The
new	dosing	nomogram	for	digoxin	in	patients	with	heart	failure	(see	Figure	6-1)
also	 takes	 into	account	 ideal	body	weight	 in	kilograms,	creatinine	clearance	 in
mL/min,	and	height	in	inches	to	estimate	the	dose	of	digoxin.18





FIGURE	6-1.	Dosing	nomogram	for	digoxin	in	patients	with	heart	failure.18	Note:	To	select	an	appropriate
digoxin	maintenance	dose,	plot	a	patient’s	creatinine	clearance	(x-axis)	(to	convert	creatinine	clearance	to
milliliter	per	second,	multiply	by	0.01667)	and	ideal	body	weight	(y-axis).	The	point	at	which	these	lines
intersect	 is	 the	 recommended	 digoxin	 dose.	 If	 ideal	 body	 weight	 has	 not	 or	 cannot	 be	 calculated,	 an
appropriate	digoxin	maintenance	dose	can	be	determined	by	plotting	a	patient’s	creatinine	clearance	(x-axis)
and	height	 (z-axis),	depending	on	patient	 sex.	 In	 the	0.25	mg	daily	area	of	 the	nomogram,	one	may	also
consider	a	digoxin	maintenance	dose	of	0.125	mg,	alternating	with	0.25	mg	every	other	day	(average	daily
dose	of	0.1875	mg/day)	as	represented	by	the	gradual	shading	of	this	area.

The	 maintenance	 dose	 equation	 takes	 into	 account	 age,	 gender,	 and	 renal
function,	which	are	known	variables	 that	can	alter	digoxin	concentrations.	The
maintenance	 dose	 can	 be	 calculated	 using	 the	 maintenance	 dose	 equation:
Maintenance	dose	=	(CL)(Css)(T)/(F),	where	CL	is	the	clearance	of	digoxin,	Css
is	 the	 steady	 state	 concentration,	T	 is	 the	 dosing	 interval	 in	 days	 and	F	 is	 the
bioavailability	of	the	formulation.

Example	II
Calculate	a	maintenance	dose	(oral	tablets)	for	MS	in	Example	1.

Maintenance	dose	=	(CL)(Css)(T)/(F)

First	calculate	CL.



MS	can	be	initiated	on	0.25mg	(1	tablet)	or	0.375	mg	(1½	tablets)	daily.

MAINTENANCE	DOSE	BASED	ON	SERUM	DIGOXIN
CONCENTRATION
A	more	patient-specific	maintenance	dose	can	be	determined	using	the	patient’s
dosing	 history	 and	 the	 observed	 digoxin	 concentrations	 to	 derive	 a	 patient-
specific	drug	clearance.

The	 equation	 for	 maintenance	 dose,	 MD	 =	 (CL)(Css)(T)/(F),	 can	 be
rearranged	to	derive	CL.

CL	=	(MD)(F)/(Css)(T)

Example	III
Assuming	MS	(from	Example	II)	was	initiated	on	0.375	mg	tablets	daily	and	in
14	days	a	steady-state	serum	digoxin	concentration	was	obtained	right	before	the
next	scheduled	dose.	The	Css	was	measured	to	be	2.8	ng/mL.	Calculate	her	true
CL	and	a	new	dosing	regimen	to	attain	a	new	desired	Css	of	1.5	ng/mL.

First	calculate	CL.



PHARMACOKINETIC	MODIFICATIONS	FOR	DISEASE
STATES

Renal	Disease
Due	to	extensive	elimination	by	the	kidney,	any	reduction	in	renal	function	will
result	 in	 decreased	 elimination	 and	 potential	 accumulation	 of	 this	 narrow
therapeutic	index	drug.	Renal	clearance	of	digoxin	has	been	shown	to	be	similar
to	creatinine	clearance	in	patients	with	normal	and	impaired	renal	function.20

Patients	with	renal	disease	have	a	lower	VD.21	Although	this	pharmacokinetic
change	 occurs,	 evidence	 indicates	 that	 myocardial	 and	 serum	 drug
concentrations	are	still	an	acceptable	estimate	of	digoxin	efficacy	and	toxicity.22
Decreases	in	VD	and	elimination	by	the	kidney	substantiate	the	need	for	lower
digoxin	 loading	 and	 maintenance	 doses,	 and	 consideration	 to	 dosage	 interval
extension.	Because	 of	 the	 large	 volume	of	 distribution	 of	 digoxin,	 removal	 by
hemodialysis	and	peritoneal	dialysis	is	minimal	and	not	of	benefit	as	a	treatment
for	toxicity.11,23

Geriatrics
As	aging	occurs,	renal	excretion	decreases	as	the	number	of	effective	nephrons	is
reduced	and	renal	blood	flow	diminishes.	Glomerular	filtration	rate	declines	25–
50	 percent	 between	 the	 ages	 of	 20	 and	 90.24	 In	 the	 patient	without	 identified
kidney	 disease,	 renal	 elimination	 of	 digoxin	 will	 still	 decrease	 with	 age.
Consequently,	 the	 elderly	 patient	 should	 be	 managed	 as	 though	 they	 have
recognized	renal	disease.25

Digoxin	is	largely	distributed	into	skeletal	muscle.	Older	patients	experience
a	10–20	percent	decrease	in	volume	of	distribution	of	digoxin,	attributed	to	loss
of	 lean	muscle	mass.	Additionally,	 age-related	 reduction	 in	 renal	 function	will
contribute	to	lower	VD.24	As	a	result,	lower	loading	and	maintenance	doses	and
careful	interval	assessment	are	recommended.

Heart	Failure
As	compared	to	healthy	adults,	the	clearance	of	digoxin	is	reduced	50	percent	in
those	patients	with	heart	failure	as	defined	by	these	equations26:



These	equations	are	alternatives	for	clearance	determination	first	illustrated	in
example	II	of	Maintenance	Dose	section.

Bauman	 and	 colleagues	 developed	 a	 linear	 regression	 model	 to	 predict
digoxin	 doses	 and	 intervals	 to	 target	 a	 serum	 level	 of	 0.7	 and	 subsequently
constructed	a	dosing	nomogram	using	height,	ideal	body	weight,	and	creatinine
clearance.18	(See	Figure	6-1.)

Hyperthyroidism
In	 hyperthyroid	 disease,	 myocardial	 sensitivity	 and	 response	 to	 digoxin	 are
reduced.20	Additionally,	pharmacokinetics	can	change	as	VD	is	increased,	which
generally	 supports	 use	 of	 higher	 loading	 doses.27	 Enhanced	 elimination	 of
digoxin	 occurs	 due	 to	 increases	 in	 creatinine	 clearance	 seen	 with	 these
patients.28

Hypothyroidism
Conversely,	VD	of	digoxin	is	reduced	in	hypothyroidism,	suggesting	that	lower
loading	 doses	may	 be	 prudent.	 Clearance	 is	 also	 lower,	which	 is	 attributed	 to
reduced	creatinine	clearance	evident	in	that	disease	state.28

Liver	Disease
Adjustment	 of	 digoxin	 dosing	 is	 not	 required	 in	 liver	 disease	 patients.
Pharmacokinetic	parameters	are	not	significantly	changed.29

DRUG	INTERACTIONS



Digoxin	has	multiple	clinically	significant	drug	interactions	that	alter	clearance
and	result	 in	supratherapeutic	or	subtherapeutic	serum	concentrations	(Table	6-
1).	 The	mechanism	 of	 clearance	 changes	 is	 a	 result	 of	 interaction	with	 the	 P-
glycoprotein	 transporter	 system.30-31	 P-glycoprotein	 is	 normally	 located	 at	 the
blood-brain	barrier,	liver,	pancreas,	placenta,	testis,	kidney,	colon,	and	jejunum.
It	 is	 suggested	 that	 the	 purpose	 of	 P-glycoprotein	 is	 protection	 against	 toxic
compounds	 by	 excretion	 into	 urine,	 bile,	 and	 intestinal	 lumen.30	 When	 this
transport	 system	is	 inhibited	or	 induced,	 substrates	such	as	digoxin	will	not	be
excreted	 at	 the	 same	 rate,	 and	 serum	 concentrations	 will	 increase	 or	 decrease
respectively.

TABLE	6-
1 Digoxin	Drug	Interactions:	Summary	of	Studies





Note:	All	data	shown	in	results	column	represents	a	statistically	significant	change	unless	otherwise	noted.

Specific	 P-glycoprotein	 inhibitors	 that	 are	 expected	 to	 increase	 digoxin
exposure	 by	 more	 than	 25	 percent	 include	 amiodarone,	 captopril,	 carvedilol,
clarithromycin,	 conivaptan,	 cyclosporine,	 diltiazem,	 dronedarone,	 felodipine,
itraconazole,	 lopinavir	 and	 ritonavir,	 quinidine,	 ranolazine,	 ticagrelor,	 and
verapamil.	 Conversely,	 those	 agents	 that	 induce	 p-glycoprotein	 enzyme	 and
decrease	digoxin	area	under	the	curve	by	greater	than	20	percent	are	phenytoin,
rifampin,	St.	John’s	wort,	and	tipranavir/ritonavir.32-47

A	 pronounced	 interaction	 is	 seen	 when	 quinidine	 is	 added	 to	 a	 patient
stabilized	 on	 digoxin,	 resulting	 in	 decreased	 volume	 of	 distribution	 and
decreased	 clearance	 of	 digoxin.	 As	 a	 result,	 digoxin	 serum	 concentration
increases	 rapidly	and	 in	 a	 sustained	 fashion.	Clinically,	 a	 reasonable	plan	 is	 to
decrease	 digoxin	 dose	 by	 50	 percent.33	More	 commonly,	 cardiovascular	 drugs
that	 will	 be	 used	 along	 with	 digoxin,	 and	 with	 potential	 to	 alter	 serum
concentration,	 include	 amiodarone,	 dronedarone,	 diltiazem,	 and	 verapamil	 for
rhythm	and	rate	control.

DIGOXIN	TOXICITY

Over	 the	 past	 few	 decades	 the	 incidence	 and	 severity	 of	 digoxin	 toxicity	 has
drastically	decreased.	A	prospective	study	from	1971	noted	toxic	manifestations
in	as	many	as	24	percent	of	digoxin	treated	patients,	with	fatal	outcomes	in	41
percent	of	toxicity	cases.48	More	recent	data	suggest	that	4–5	percent	of	digoxin
treated	patients	develop	toxicity,	with	fatality	occurring	in	9	percent	of	toxicity
cases.49	Authors	have	speculated	that	this	reduction	in	the	incidence	and	severity
of	 digoxin	 toxicity	 is	 related	 to	 decreasing	 utilization,	 lower	 dosing,	 and
improved	 therapeutic	 drug	 monitoring.50	 Despite	 these	 improvements	 toxicity
and	mortality	 secondary	 to	 toxicity	 still	 occurs.	 Therefore,	 it	 is	 important	 that
clinical	 pharmacists	 understand	 the	 etiology,	 clinical	 manifestations,	 and
management	of	digoxin	toxicity.

A	 serum	 digoxin	 concentration	 (SDC)	 between	 0.5	 and	 2.0	 ng/mL	 is
traditionally	considered	a	therapeutic	value,	though	some	evidence	suggests	that
lower	 levels	 may	 be	 equally	 as	 effective	 and	 reduce	 the	 risk	 of	 toxicity.50
Concentrations	 greater	 than	 2.0	 ng/mL	 are	 potentially	 toxic,	 with	 one	 review
noting	toxic	manifestations	in	60	percent	of	patients	with	a	postdistribution	SDC
greater	than	2.0	ng/mL.49	This	finding	illustrates	that	digoxin	toxicity	is	at	least



in	 part	 concentration	 dependent	 and	 situations	 that	 precipitate	 an	 increase	 in
concentration	could	also	precipitate	toxicity.

Digoxin	 is	 widely	 distributed	 and	 has	 an	 average	 VD	 of	 approximately	 7
L/kg.5	 Reductions	 in	 digoxin’s	 VD	 have	 been	 noted	 with	 renal	 disease	 and
reductions	 in	 lean	body	mass.5,25	A	number	of	 factors,	 including	 renal	 disease
and	 drug	 interactions,	 can	 decrease	 digoxin	 clearance	 (CL).5,25,50	 Digoxin	 is
mostly	 eliminated	 unchanged	 in	 the	 urine.5,25	 Renal	 insufficiency	 reduces	 the
elimination	 of	 digoxin	 and	 can	 significantly	 prolong	 digoxin’s	 half-life.5,50	 A
number	of	medications,	including	amiodarone,	quinidine,	and	verapamil,	reduce
digoxin	 elimination	 via	 inhibition	 of	 the	 p-glycoprotein	 efflux	 pump.50
Reductions	 in	 CL	 will	 increase	 the	 apparent	 half-life	 with	 resulting	 drug
accumulation	with	repeated	dosing.	Reductions	in	VD	and	CL	will	reciprocally
increase	SDCs	and	may	 lead	 to	 toxicity.	Geriatric	patients	often	are	prescribed
digoxin	and	are	at	greater	risk	for	chronic	poisoning.25	Reductions	in	lean	body
mass	 and	 declining	 renal	 function	 commonly	 occur	 with	 the	 natural	 aging
course.25	 These	 patients	 are	 also	 more	 commonly	 on	 multiple	 medications,
putting	them	at	an	increased	risk	for	toxicity	secondary	to	drug	interactions.

Clinical	manifestations	of	digoxin	toxicity	are	listed	in	Table	6-2.	These	signs
and	 symptoms	 can	 be	 classified	 as	 gastrointestinal,	 neurologic,	 or	 cardiac
manifestations,	with	cardiac	manifestations	being	the	primary	cause	of	morbidity
and	mortality.	Symptom	evolution	is	dependent	on	the	chronicity	of	exposure.51
Nausea	and	vomiting	are	prominent	with	acute	exposures	and	are	 typically	 the
first	 symptom.51	 Neurologic	 symptoms	 such	 as	 weakness,	 confusion,	 and
lethargy	 can	 be	 observed.52	 With	 chronic	 exposures,	 such	 as	 a	 patient	 with
reduced	digoxin	CL	due	to	a	physiologic	change,	symptoms	can	be	nonspecific
and	 more	 difficult	 to	 diagnose.51	 Malaise	 and	 weakness	 are	 predominant
features,	along	with	visual	disturbances,	such	as	blurred	vision.51-52	Patients	may
have	 complaints	 of	 anorexia,	while	 nausea	 and	 vomiting	 are	 thought	 to	 occur
less	commonly	than	acute	ingestions.

TABLE	6-
2 Clinical	Manifestations	of	Acute	and	Chronic	Digoxin	Toxicity





aThese	electrolyte	abnormalities	can	be	seen	with	chronic	exposures.	They	are	not	due	to	digoxin	effect	but
due	to	concurrent	medications	such	as	diuretics	or	disease	states	such	as	renal	failure.	These	abnormalities
can	exacerbate	digoxin	toxicity.
bCardiotoxicity	can	occur	with	both	acute	and	chronic	toxicity.	Cardiac	manifestations	can	be	seen	at
presentation	with	chronic	exposures.	Conversely,	with	acute	exposures	these	effects	can	be	absent	at
presentation	and	they	can	progress	as	the	clinical	course	evolves.

Digoxin’s	cardiotoxicity	is	multifaceted	and	can	be	seen	with	both	acute	and
chronic	 toxicity.	 At	 toxic	 levels	 digoxin	 increases	 intracellular	 calcium
concentrations	escalating	excitability	and	automaticity	in	the	atria	and	ventricles,
which	 can	 lead	 to	 extra-systoles	 and	 tachydysrhythmias.50-51	 Additionally,
digoxin	 reduces	 nodal	 conduction	 velocity	 and	 can	 induce	 bradydysrhythmias
and	nodal	blocks	with	toxicity.51	Thus,	with	the	exception	of	a	supraventricular
tachycardia	 with	 rapid	 ventricular	 response,	 digoxin	 toxicity	 can	 precipitate
almost	 any	arrhythmia,	with	premature	ventricular	 contractions	being	 the	most
common.50-51	 Bidirectional	 ventricular	 tachycardia	 is	 considered	 a
pathognomonic	finding,	as	it	is	uncommon	for	almost	all	other	toxins.51	Finally,
digoxin	 achieves	 its	 therapeutic	 effect	 by	 inhibiting	 myocardial	 sodium-
potassium	 ATPase,	 increasing	 extracellular	 potassium	 concentrations.50
Hyperkalemia	 can	 occur,	 typically	 with	 acute	 overdoses,	 and	 is	 considered	 a
prognostic	factor.	Prior	to	the	advent	of	digoxin-specific	Fab,	death	occurred	in
50	 percent	 and	 100	 percent	 of	 acutely	 poisoned	 digoxin	 patients	 with	 serum
potassium	levels	of	5.0–5.5	mEq/L	and	>5.5	mEq/L,	respectively.54	Additionally,
patients	 chronically	 on	 digoxin	 are	 frequently	 on	 medications	 such	 as	 loop
diuretics,	 which	 can	 exacerbate	 digoxin	 toxicity	 and	 cause	 other	 electrolyte
abnormalities,	such	as	hypokalemia	and	hypomagnesemia.55	Hypokalemia,	 like
digoxin	 inhibits	 myocardial	 sodium-potassium	 ATPase	 and	 can	 independently
precipitate	 arrhythmias.	 Therefore,	 hypokalemia	 could	 precipitate	 toxicity	 at
lower	and	sometimes	therapeutic	digoxin	concentrations.53

Digoxin	 follows	 a	 two-compartment	 model	 with	 compartments	 displaying
rapid	 and	 slow	 distribution.5	 SDCs	 are	 sampled	 from	 the	 rapidly	 distributing
compartment.	 Conversely,	 the	 myocardium	 is	 found	 within	 the	 slowly
distributing	 portion.	 The	 rapid	 and	 slowly	 distributing	 compartments	 do	 not
reach	distribution	equilibrium	until	approximately	4	hours	and	6	hours	after	the
last	 administered	 intravenous	 or	 oral	 dose,	 respectively.55-56	 Predistribution
values	 can	 be	 falsely	 elevated,	 making	 interpretation	 difficult.	 One	 review	 of
toxic	 levels	 (SDC	 >2	 ng/mL)	 noted	 that	 16	 percent	 of	 toxic	 specimens	 were
drawn	 during	 the	 predistribution	 period.49	 When	 assessing	 a	 toxic	 SDC	 it	 is
important	 to	 assess	 this	 value	 in	 the	 context	 of	 a	 patient’s	 symptoms	 and	 the



timing	of	the	level	in	relation	to	the	last	administered	digoxin	dose.
Digoxin-specific	 Fab	 (DSFab)	 is	 the	 definitive	 therapy	 for	 digoxin	 toxicity

and	is	indicated	with	life-threatening	or	potentially	life-threatening	toxicity	(see
Table	 6-3).57-58	 Digibind®	 and	 DigiFab®	 are	 the	 commercially	 available
preparations	of	DSFab,	and	the	pharmacokinetic	properties	of	these	products	are
detailed	 in	 Table	 6-4.57-58	 Each	 vial	 of	 DSFab	 binds	 0.5	 mg	 of	 digoxin.
Considering	its	VD,	which	is	0.4	L/kg,	DSFab	will	bind	with	free	digoxin	within
the	circulatory	system,	creating	a	concentration	gradient	moving	free	drug	from
the	 tissue	 into	 the	 systemic	 circulation	 and	 effectively	 reducing	 digoxin
concentrations	within	 the	myocardium.	The	elimination	half-life	of	 the	DSFab-
digoxin	 complex	 (15–23	 hours)	 is	 significantly	 shorter	 than	 free	 digoxin	 (36
hours),	 indicating	 enhanced	 elimination.	 It	 must	 be	 noted	 that	 SDCs	 are	 no
longer	useful	after	DSFab	administration	unless	free	digoxin	concentrations	can
be	measured.	The	standard	digoxin	assay	measures	both	free	and	bound	digoxin
and	 will	 measure	 the	 DSFab-digoxin	 complex	 in	 addition	 to	 both	 bound	 and
unbound	digoxin,	which	will	lead	to	a	falsely	elevated	value	that	will	not	likely
correspond	with	clinical	status.57-58

TABLE	6-
3 Indications	for	Digoxin-Specific	Fab	(DSFab)57,58

Progressive	 bradydysrhythmias	 or	 second/third-degree	 heart	 block	 not
responsive	to	atropine
Severe	ventricular	dysrhythmias	or	tachydysrhythmias
Serum	potassium	>5	mEq/L	in	acute	digoxin	intoxication
Postdistribution	SDC	≥10	ng/mL	or	a	SDC	≥15	ng/mL	at	any	time-point
Acute	digoxin	ingestion	≥10	mg	(adult)	or	≥4	mg	(child)
Rapidly	progressing	clinical	signs/symptoms	in	combination	with	an	increasing
serum	potassium	level

TABLE	6-
4 Pharmacokinetic	Parameters	of	DSFab	Formulations57,58



The	 dose	 of	DSFab	 is	 dependent	 on	 the	 total	 body	 load	 (TBL)	 of	 digoxin.
Empiric	dosing	of	DSFab	can	be	performed	if	the	ingested	quantity	is	unclear	or
if	 a	 SDC	 is	 not	 available.	 In	 acute	 exposures,	 10–20	 DSFab	 vials	 are
recommended	 empirically	 for	 adult	 and	 pediatric	 patients.57-58	 An	 adequate
clinical	effect	with	10	vials	will	be	achieved	in	most	patients.	An	additional	10
vials	 can	 be	 administered	 if	 a	 sufficient	 response	 is	 not	 achieved.	 In	 acute
exposures	 the	 following	 equation	 can	 be	 used	 to	 calculate	 the	 DSFab	 dose	 if
ingested	amount	is	known57:

Additionally	the	following	equation	can	be	used	in	acute	or	chronic	exposures	to
calculate	the	DSFab	dose	if	a	postdistribution	SDC	is	known57:

Regardless	of	the	method,	the	number	of	vials	should	be	rounded	up	to	the	next
whole	vial	and	should	be	administered	as	an	 IV	 infusion	over	30	minutes	as	a
diluted	 solution.	 In	 critically	 ill	 patients	 both	 Digibind	 and	 DigiFab	 can	 be



administered	as	an	IV	bolus.57-58	The	manufacturer	warns	about	use	in	patients
with	an	allergy	to	papaya	extracts.57	Patients	with	a	history	of	atrial	fibrillation
or	heart	 failure	 should	be	monitored	 for	disease	emergence	as	DSFab	not	only
reverses	 toxic	effects	but	 therapeutic	effects	as	well.	Hypokalemia	can	develop
due	 to	 reactivation	of	myocardial	 sodium-potassium	ATPase.	Serum	potassium
concentrations	 should	 be	 closely	 monitored	 for	 the	 first	 few	 hours	 after
administration	 and	 cautious	 supplementation	 should	 be	 performed	 when
necessary.57-58	 Finally,	DSFab	 is	 renally	 eliminated	 and	 its	 clearance	 probably
decreases	 with	 renal	 insufficiency.57	 One	 series	 noted	 no	 recrudescence	 of
toxicity	in	patients	with	renal	failure.59	However,	in	one	case,	an	anephric	patient
developed	 an	 atrioventricular	 block	 10	 days	 after	 DSFab	 administration	 and
symptom	resolution.59	Therefore,	it	may	be	prudent	to	monitor	for	reemergence
of	digoxin	toxicity	in	anephric	patients	after	DSFab	administration.

Digoxin	 has	 a	 large	 VD	 and	 is	 extensively	 tissue	 bound.5	 Because	 the
majority	 of	 digoxin	 is	 not	within	 the	 circulation,	 extracorporeal	 elimination	 is
not	effective.

DIGOXIN-LIKE	IMMUNOREACTIVE
SUBSTANCES

Some	patients	have	detectable	serum	digoxin	concentrations	despite	never	taking
the	medication.	 This	 phenomenon	 is	 related	 to	 the	 presence	 of	 chemicals	 that
interfere	with	digoxin	immunoassays	due	to	similarities	in	chemical	structure.	It
should	be	noted	that	some	of	these	chemicals	are	functionally	similar	to	digoxin
and	are	typically	classified	as	endogenous	or	exogenous	in	nature.60

Endogenous	digoxin-like	immunoreactive	substances	(EDLISs)	are	thought	to
be	 natriuretic	 hormones,	 with	 some	 having	 the	 ability	 to	 inhibit	 sodium-
potassium	ATPase.60-61	These	compounds	are	 typically	undetectable	 in	healthy
individuals	and	are	found	in	a	variety	of	patient	populations	and	disease	states.
Examples	 include	 uremic	 syndrome,	 liver	 disease	 and	 liver	 failure,	 renal
insufficiency,	pregnancy,	preeclampsia,	congestive	heart	failure,	and	neonates	or
premature	infants.61	It	has	been	postulated	that	an	endogenous	synthesis	pathway
produces	 these	 compounds,	 which	 are	 absent	 in	 healthy	 adults	 and	 are	 not
commonly	 found	 in	 edible	 plants.	 Clinical	 observations	 indicate	 that	 the
contributions	of	EDLISs	are	generally	less	than	2.0	ng/mL	but	can	be	higher.61



However,	 the	 magnitude	 of	 these	 contributions	 is	 dependent	 on	 the
immunoassay.	Positive	interference	has	been	noted	with	the	digoxin	fluorescence
polarization	immunoassay,	making	the	SDC	appear	falsely	elevated.	Conversely,
negative	 interference	 has	 been	 noted	 with	 the	 microparticle	 enzyme
immunoassay,	making	the	SDC	appear	falsely	low.62

A	variety	 of	 exogenous	 digoxin-like	 immunoreactive	 substances	 (ExDLISs)
have	 been	 noted.	 Like	 EDLISs,	 they	 are	 structurally	 similar	 to	 digoxin.
However,	 these	 compounds	 are	 foreign	 and	 synthesis	 is	 not	 endogenous	 in
nature.	 Examples	 include	 spironolactone,	 canrenone	 (spironolactone’s	 active
metabolite),	 potassium	 canrenoate,	 and	 an	 array	 of	 Chinese	 medications,
including	chan	su,	oleander-containing	herbs,	Siberian	ginseng,	Asian	ginseng,
Ashwagandha,	 and	 danshen.61,63	 Like	 EDLISs,	 reports	 of	 both	 positive	 and
negative	 interference	 have	 been	 noted	 with	 ExDLISs.61	 The	 nature	 of	 these
differences	varies	with	the	type	of	immunoassay.61

EDLISs	 and	ExDLISs	 can	 complicate	 digoxin	 therapeutic	 drug	monitoring.
Positive	interference	can	make	a	SDC	appear	falsely	elevated.	This	value	could
be	 potentially	 misinterpreted	 as	 a	 supratherapeutic	 or	 toxic	 level.	 More
dangerously,	 negative	 interference	 can	 make	 a	 SDC	 appear	 falsely	 low	 and
toxicity	could	occur	secondary	to	dosage	increases	in	response	to	an	artificially
low	 value.	 Thus,	 it	 is	 important	 to	 assess	 any	 given	 SDC	 in	 the	 context	 of	 a
patient’s	 individual	 clinical	 status.	 Medication	 histories,	 including	 herbal
supplements,	should	be	obtained.	Dosage	adjustments	should	likely	be	driven	by
the	 combined	 assessment	 of	 the	 SDC	 and	 signs	 or	 symptoms	 of	 inadequate
therapeutic	 response	 or	 toxicity.	 Additionally,	 interference	 is	 assay-dependent
and	 the	 degree	 of	 interference	 is	 continually	 changing	 as	 assays	 evolve.
Clinicians	need	to	assess	which	assays	are	used	at	their	institution	and	the	effect
that	 EDLISs	 and	 ExDLISs	 have	 on	 a	 given	 assay.	 Contacting	 the	 laboratory
performing	the	SDC	could	provide	insight.	Interestingly,	EDLISs	and	ExDLISs
are	 highly	 protein	 bound	 and	 assessment	 of	 free	 digoxin	 concentrations	 could
reduce	 EDLIS	 and	 ExDLIS	 interference.	 Clinical	 evidence	 suggests	 that
assessment	of	free	digoxin	concentrations	eliminates	 the	 interference	seen	with
some	 immunoassays.64-65	 Assessment	 of	 free	 digoxin	 concentrations	 could	 be
considered	if	a	patient	has	an	abnormal	SDC	and	if	EDLIS	and	ExDLIS	interfere
with	 the	 immunoassay	 used	 in	 the	 assessment.	 However,	 this	 approach	 is	 not
universally	effective;	interference	still	occurred	with	some	assays	when	only	free
digoxin	concentrations	were	estimated.66



CASES

CASE	1:	DIGOXIN	LOADING	DOSE	CASE
A	 47-year-old	 female	 is	 to	 be	 initiated	 on	 digoxin	 for	 atrial	 fibrillation.
Calculate	 an	 appropriate	 digoxin	 loading	 dose	 and	 maintenance	 dose	 if	 the
patient	 is	 to	 be	 started	 on	 an	 intravenous	 loading	 and	 oral	maintenance	 dose
using	 digoxin	 tablets.	 Assume	 her	CrCl	 is	 80	mL/min	 and	 her	 target	Css	 is	 1
ng/mL.

Answer:

Loading	dose	=	(VD)(C)/(F)

First	calculate	Volume	of	distribution.

First	calculate	CL.



CASE	2:	DIGOXIN	MAINTENANCE	DOSE	CASE	(EMPIRIC)
A	73-year-old	male	with	moderate	CHF	is	to	be	initiated	on	digoxin.	Calculate
an	appropriate	oral	regimen	to	target	a	goal	of	0.8	ng/mL	using	digoxin	tablets
via	his	orogastric	(OG)	tube.	Assume	his	CrCl	is	35	mL/min.

Answer:

Maintenance	dose	=	(CL)(Css)(T)/(F)

First	calculate	CL.



His	 final	 regimen	 is	 125	 mcg	 tablet	 daily.	 A	 loading	 dose	 is	 not	 needed
because	the	indication	is	CHF	and	not	atrial	fibrillation.

CASE	3:	DIGOXIN	MAINTENANCE	DOSE	CASE	(BASED	ON
LEVEL)
A	 45-year-old	 male	 admitted	 for	 right	 hip	 surgery	 develops	 atrial	 fibrillation
postoperatively.	His	past	medical	history	includes	moderate-severe	HF,	chronic
kidney	 disease,	 and	 hypertension.	He	was	 loaded	with	 750	mcg	 intravenously
(IV)	and	 started	on	a	maintenance	dose	of	0.125	mg	PO	daily.	 In	16	days	 the
digoxin	level	is	obtained	at	steady	state.	Calculate	a	new	oral	regimen	to	target
a	level	of	1.0	ng/mL	for	adequate	ventricular	control.
Assume	his	CrCl	 is	60	mL/min	and	digoxin	 level	 is	0.4	ng/mL	on	a	digoxin

maintenance	dose	of	0.125	mg	IV	daily.

Answer:
First	calculate	his	true	CL.



Next,	estimate	his	new	oral	tablet	regimen.

His	dose	can	be	increased	to	0.25	mg	or	0.375	mg	orally	daily.

CASE	4:	DIGOXIN	DOSING	IN	PATIENTS	WITH	EXCESSIVE
BODY	MASS
PL	 is	 a	 56-year-old	 male	 who	 is	 admitted	 under	 the	 cardiology	 service	 with
newly	 diagnosed	 atrial	 fibrillation.	 The	 team	 decides	 to	 administer	 an	 oral
loading	dose	of	digoxin	for	rate	control.	You,	as	the	pharmacist	on	the	team,	are
asked	 to	 recommend	an	appropriate	 loading	dose	 that	will	 yield	a	 level	of	0.8
ng/mL.

Height:	5′7″
Weight:	250	lbs
SCr	=	1
IBW	=	50	kg	+	(2.3)(7)	=	66.1	kg
ABW	=	250	lb/2.2	=	113.6	kg

When	the	ABW	is	greater	than	30	percent	above	IBW,	patient	is	obese.

Answer:



Because	this	patient’s	ABW	is	more	than	30	percent	above	IBW,	he	is	classified
as	 obese.	 The	 volume	 of	 distribution	 of	 digoxin	 is	 not	 affected	 by	 increased
adipose	 tissue	and,	 therefore,	 it	 is	 appropriate	 to	utilize	 IBW	when	calculating
doses	 in	 obese	 patients.	 In	 this	 example,	 we	 use	 PL’s	 IBW	 to	 calculate	 the
volume	 of	 distribution	 (utilizing	 the	 average	 population	 value).	 We	 then	 in-
putted	 the	 rest	 of	 the	 information	 into	 the	 loading	 dose	 equation,	 with	 F
(bioavailability)	=	0.7.	Because	commercially	available	tablets	come	in	multiples
of	125	mcg,	a	dose	of	529	mcg	can	be	rounded	down	to	500	mcg.

CASE	5:	DIGOXIN	DOSING	IN	PATIENTS	WITH	LOW	BODY
MASS
What	would	be	the	loading	dose	if	PL	was	underweight?

Height:	5′7″
Weight:	100	lbs
SCr	=	1
IBW	=	66.1	kg
ABW	=	45.5	kg

Answer:



As	you	can	 see	 in	 this	 example,	PL’s	ABW	is	below	his	 IBW,	 therefore,	he	 is
underweight.	Underweight	patients	have	a	 reduced	amount	of	 total	body	water
and,	 therefore,	would	have	a	reduced	volume	of	distribution.	Here	we	used	the
patient’s	 ABW	 to	 calculate	 the	 volume	 of	 distribution	 and,	 ultimately,	 the
loading	dose.

CASE	6:	DIGOXIN	DOSING	IN	PATIENTS	WITH	KIDNEY
DISEASE
RM	is	a	75-year-old	 female	with	a	history	positive	 for	CKD,	CAD,	and	 type	2
DM	 presenting	 to	 the	 ED	 with	 dizziness	 and	 fatigue	 for	 several	 days.
Electrocardiogram	 reveals	 atrial	 fibrillation.	 Her	 cardiologist	 is	 ordering	 IV
digoxin	loading	dose	and	oral	maintenance	dose	with	a	target	serum	level	of	1.2
ng/mL.

Height	=	66	inches
Weight	=	62	kg
SCr	=	1.7	mg/dL
IBW	=	45	+	6(2.3)	=	58.8	kg

QUESTIONS
1.	What	is	an	appropriate	IV	loading	dose?

Answer:



2.	What	would	you	recommend	as	an	oral	maintenance	dose?

Answer:

3.	What	is	the	calculated	half-life	of	digoxin	in	this	patient?

Answer:
Change	CL	from	mL/min	to	L/day.

CASE	7:	DIGOXIN	INTERACTION	WITH	AMIODARONE

DW	is	a	78-year-old	 female	with	 estimated	creatinine	 clearance	of	45	mL/min
and	has	been	on	the	following	medications	for	more	than	three	months.

-Metoprolol	25	mg	by	mouth	twice	daily
-Digoxin	0.125	mg	by	mouth	daily



-Levothyroxine	25	mcg	by	mouth	daily
Her	most	recent	digoxin	level	was	1.1	ng/mL,	2	weeks	ago.	Since	that	time,

she	 has	 had	 no	 appreciable	 change	 in	 renal	 function	 and	 her	 medication
compliance	is	good.	She	has	had	some	symptomatic	atrial	fibrillation	episodes,
and	her	cardiologist	begins	her	on	amiodarone	200	mg	by	mouth	3	times	daily
with	a	taper	to	200	mg	daily.

QUESTIONS

1.	When	would	DW’s	digoxin	be	at	new	steady	state,	and	what	is	the	expected
serum	concentration?

Answer:
To	 determine	 true	 steady	 state	 of	 digoxin,	 we	would	 need	 to	 determine	when
amiodarone	steady	state	would	be	achieved.	Based	on	half-life	of	amiodarone	of
15	to	65	days,	at	a	fixed	dose	of	amiodarone,	the	new	steady	state	would	be	1.5
months	 to	 1	 year.	However,	 in	 this	 patient	we	 are	 starting	with	 a	 higher	 dose
(200	mg	3×	daily)	for	the	purpose	of	obtaining	a	therapeutic	concentration	more
quickly.	Based	on	Pollack	and	colleague’s67	pharmacokinetic	modeling	study,	if
a	 high-dose	 amiodarone	 “loading”	 regimen	 is	 utilized,	 a	 “therapeutic”
amiodarone	 concentration	 is	 obtained	 within	 a	 few	 days	 and	 maintained
thereafter.	However,	 the	regimen	described	 in	 the	Pollack	study	(1,600	mg/day
for	2	days,	1,200	mg/day	for	5	days,	1,000	mg/day	for	7	days,	800	mg/day	for	7
days,	600	mg/day	for	7	days,	then	400	mg/day)	is	substantially	different	from	the
regimen	mentioned	in	this	case.	In	Nademanee	and	colleagues,36	a	fixed	dose	of
amiodarone	was	used	for	the	first	16	days	and	resulted	in	increasing	amiodarone
concentrations	and	increasing	digoxin	concentrations	over	that	time.	The	authors
of	that	study	felt	that	due	to	the	long	and	variable	half-life	of	amiodarone	and	the
kinetic	 analysis	 of	 amiodarone	 concentrations,	 the	 steady	 state	 of	 amiodarone
had	not	been	 reached	by	16	days.	Also	 in	Nademanee,	 an	amiodarone-digoxin
dose-related	interaction	was	demonstrated	when	amiodarone	increased	from	200
mg	per	day	to	600	mg	per	day;	digoxin	concentration	increased	from	0.4	to	0.7
ng/mL	(see	Table	6-1).

As	far	as	impact	of	amiodarone	on	the	patient’s	serum	digoxin	concentration,
the	expected	increase	could	be	minimal	with	a	low	dose	(e.g.,	200	mg	daily)	to
substantial	 with	 larger	 doses	 (e.g.,	 >400	 mg	 per	 day)	 with	 potential	 expected



doubling	 of	 concentration.	 To	 summarize	 expected	 effect	 upon	 digoxin	 steady
state,	we	would	expect	new	steady	state	within	variable	time	period	based	upon
dosing	regimen	of	1	week	to	1	year	and	potential	doubling	of	new	steady-state
serum	 digoxin	 concentration.	 For	 practical	 purposes,	 monitoring	 of	 digoxin
serum	concentrations	should	be	established	for	several	months	after	an	addition
of	amiodarone	 to	a	patient	 taking	digoxin.	The	frequency	of	 levels	should	 take
into	consideration	the	current	digoxin	level,	which	may	potentially	double.

In	the	case	of	DW,	her	most	recent	serum	concentration	is	1.1	ng/mL.	We	can
expect	to	see	doubling	of	this	concentration	within	a	few	weeks,	and	therefore,	a
dose	 decrease	 of	 digoxin	 to	 every	 other	 day	 or	 routine	 serum	 digoxin
concentration	measurements	weekly	to	avoid	toxicity	would	be	prudent.

2.	Should	we	take	a	level	before	expected	new	steady	state?

Answer:
If	the	current	regimen	is	maintained,	based	on	details	in	answer	to	question	1,	it
would	be	prudent	to	obtain	digoxin	serum	concentrations	routinely	for	the	next
few	months.

3.	Should	we	reduce	digoxin	dose	empirically	prior	to	any	serum	concentration
measurement?

Answer:
Because	DW’s	current	digoxin	concentration	is	1.1	ng/mL,	it	would	be	prudent
to	 decrease	 digoxin	 dosing	 by	 50	 percent	 when	 we	 expect	 the	 digoxin
concentration	to	potentially	double.	On	the	other	hand,	if	DW’s	baseline	serum
concentration	was	lower,	perhaps	0.4	ng/mL,	then	concentration	doubling	would
not	put	her	at	risk	of	toxicity	and	may	increase	therapeutic	benefit,	meaning	no
empiric	dose	adjustment	would	be	necessary.

4.	How	would	DW’s	case	differ	if	amiodarone	was	started	at	200	mg	per	day
rather	than	200	mg	3	times	daily?

Answer:
The	 expected	 effect	 on	 serum	 digoxin	 concentration	 would	 be	 less	 than
doubling.	 However	 the	 exact	 effect	 is	 not	 known	 based	 on	 current
pharmacokinetic	 trials.	 Additionally,	 a	 full	 effect	 will	 take	 several	 months	 to



determine.	In	this	case,	routine	digoxin	monitoring	may	be	applied.

CASE	8:	DIGOXIN	INTERACTION	WITH	DRONEDARONE

QUESTION

How	would	DW’s	case	differ	if	dronedarone	was	used	instead	of	amiodarone?

Answer:
Based	on	pharmacokinetic	 studies	 in	healthy	 adults,	we	would	 expect	 to	 see	 a
significant	increase	in	serum	digoxin	concentration	within	days	and	new	steady
state	within	a	week	(see	Table	6-1).	It	is	suggested	that	digoxin	discontinuation
be	 considered	 as	 coadministration	 has	 been	 associated	 with	 increased	 risk	 of
arrhythmia	or	sudden	death	in	dronedarone-treated	patients	compared	to	placebo.
If	 treatment	 is	 continued,	 decrease	 the	 dose	 of	 digoxin	 by	 50%	 and	 monitor
serum	concentrations	closely.68

Digoxin	 toxicity	 occurred	 in	 an	 82-year-old	 female	 after	 she	 received	 a
loading	 dose	 of	 0.25	mg	 for	 three	 doses.	 The	 patient	 experienced	 bradycardia
with	an	elevated	digoxin	level	(>5	ng/mL).69

CASE	9:	DIGOXIN	INTERACTION	WITH	VERAPAMIL
After	 2	 days	 on	 amiodarone	 200	 mg	 three	 times	 daily	 and	 digoxin	 0.125	 mg
daily,	DW	reports	intolerable	abdominal	pain.
A	 stat	 digoxin	 level	 prior	 to	 this	 morning’s	 dose	 was	 1.4	 ng/mL.	 Digoxin

toxicity	was	ruled	out.	The	cardiologist	decides	to	discontinue	amiodarone	and
metoprolol	and	begins	verapamil	at	80	mg	twice	daily.

QUESTION
When	 would	 DW	 be	 at	 new	 steady	 state,	 and	 what	 is	 the	 expected	 serum
concentration?

Answer:



Based	on	verapamil’s	usual	half-life	of	3–12	hours,	 expected	verapamil	 steady
state	 would	 be	 within	 a	 few	 days,	 and	 full	 impact	 on	 digoxin	 serum
concentration	should	be	seen	within	a	week.	Based	on	pharmacokinetic	studies
(Table	 6-1),	 a	 significant	 decrease	 in	 digoxin	 clearance	 and	 volume	 of
distribution	 occurs,	 as	 well	 as	 an	 increase	 in	 digoxin	 half-life.	 These	 changes
result	in	potential	doubling	of	digoxin	serum	concentration.

CASE	10:	DIGOXIN	INTERACTION	WITH	DILTIAZEM
Instead	 of	 choosing	 verapamil,	 the	 clinician	 changes	 DW	 to	 diltiazem	 60	 mg
three	times	daily.

QUESTION
When	 would	 DW	 be	 at	 new	 steady	 state,	 and	 what	 is	 her	 expected	 serum
concentration?

Answer:
Although	diltiazem	is	included	in	the	FDA	summary	of	those	drugs	that	interact
with	digoxin	through	inhibition	of	p-glycoprotein	transport	system,	the	results	of
pharmacokinetic	 studies	 have	 shown	 variable	 impact	 of	 coadministration	 of
diltiazem	 and	 digoxin	 (Table	 6-1).	 A	 rough	 summary	 of	 the	 studies	 reviewed
seems	to	indicate	that	studies	performed	in	healthy	adults	and	patients	with	atrial
fibrillation	 tend	 to	 show	 little	 change	 in	 digoxin	 pharmacokinetics	 with	 the
addition	 of	 diltiazem.	 On	 the	 other	 hand,	 those	 pharmacokinetic	 studies
completed	in	patients	with	heart	failure	have	shown	increased	digoxin	area	under
the	 curve	 and	 half-life,	 resulting	 in	 increased	 serum	 digoxin	 concentration	 of
approximately	40–50	percent	within	a	week	of	coadministration.

Based	on	this	information,	with	the	addition	of	diltiazem	to	a	patient	already
receiving	 digoxin,	monitoring	 digoxin	 serum	 concentration	 in	 approximately	 a
week	would	be	prudent.	Determination	of	levels	would	be	particularly	applicable
to	those	patients	with	heart	failure	as	well	as	those	with	higher	baseline	digoxin
concentrations	who	may	be	at	risk	for	toxicity.

CASE	11:	DIGOXIN	DOSING	WITH	P-GLYCOPROTEIN
INDUCERS	(E.G.,	ST.	JOHN’S	WORT)



JN	is	a	65-year-old	male	with	estimated	creatinine	clearance	of	20	mL/min	and
has	 been	 on	 digoxin	 0.125	 mg	 every	 other	 day	 for	 1	 year	 along	 with	 other
medications	 for	 his	 heart	 failure.	 Since	 beginning	 therapy,	 he	 has	 had	 several
serum	 concentrations	 that	 have	 been	 between	 0.6	 ng/mL	 and	 1	 ng/mL.	 Three
weeks	ago	his	routine	serum	digoxin	concentration	was	1	ng/mL.	JN	notifies	you
that	 his	 friend	 suggested	 St	 John’s	Wort	 and	will	 be	 starting	 it	 as	 soon	 as	 he
picks	up	a	bottle	from	the	pharmacy.

QUESTION

What	is	the	expected	impact	of	St	John’s	Wort	on	digoxin	serum	concentration,
and	should	you	obtain	a	level?

Answer:
The	 coadministration	 of	 St.	 John’s	Wort	 and	 digoxin	 has	 been	well	 studied	 in
Europe	(Table	6-1).	In	general,	a	decrease	in	digoxin	bioavailability	results	in	a
25–40	percent	decrease	in	serum	digoxin	concentrations	after	10	days.

However,	the	preparation	of	St.	John’s	Wort	greatly	influences	the	impact	on
digoxin	pharmacokinetics.	A	pharmacokinetic	 study	of	various	St.	 John’s	Wort
preparations	was	 performed	 in	 96	 healthy	 volunteers.70	 These	 volunteers	were
given	a	7-day	loading	phase	of	digoxin	and	then	14	days	of	comedication	with
placebo	or	one	of	10	St.	 John’s	Wort	preparations.	Preparations	 that	 contained
lower	 amounts	 of	 hyperforin	 had	 no	 apparent	 effect	 on	 digoxin	 trough
concentration	and	nonsignificant	changes	in	digoxin	maximal	concentration	and
AUC	of	 -14	percent	 and	9	percent,	 respectively.	On	 the	other	hand,	St.	 John’s
Wort	 preparations	 with	 increased	 hyperforin	 and	 hypericin	 content	 showed
significant	decreases	in	digoxin	trough,	maximal	concentration,	and	AUC	of	19
percent,	38	percent,	and	27	percent,	respectively,	after	14	days	of	comedication.
When	exposed	to	a	half-dose	of	this	St.	John’s	Wort	preparation,	the	impact	on
digoxin	pharmacokinetic	parameters	was	roughly	half	of	the	full	dose.

To	summarize,	if	JN’s	last	serum	concentration	was	1	ng/mL,	a	25–40	percent
reduction	in	serum	concentration	would	be	acceptable	for	management	of	heart
failure.	 However,	 because	 JN’s	 serum	 concentration	 is	 lower,	 it	 would	 be
prudent	 to	 obtain	 a	 serum	 digoxin	 concentration	 in	 about	 1	 week	 to	 ensure
therapeutic	concentration.



CASE	12:	DIGOXIN	TOXICITY	(ACUTE)
A	31-year-old	male	(weight	82	kg)	with	no	PMH	history	presents	after	ingesting
four	of	his	grandmother’s	digoxin	0.125	mg	tablets	in	an	attempt	to	get	high.	He
stated	that	the	ingestion	occurred	approximately	an	hour	ago,	and	he	denied	any
coingestants	or	use	of	any	chronic	medications.	Currently	he	has	no	complaints.
He	 denies	 any	 headaches,	 nausea,	 vomiting,	 abdominal	 pain,	 or	 visual
disturbances.	 He	 is	 currently	 awake,	 alert,	 and	 oriented	 and	 is	 answering
questions	appropriately.

VS:	T	36.7°C;	BP	132/88	mm	Hg;	HR	84	bpm;	RR	16	rpm;	O2sat	99%	RA
Physical	examination	is	nonremarkable.
BMP:	Na+	140	mEq/L;	K+	4.0	mEq/L;	Cl–	104	mEq/L;	HCO3

–	24	mmol/L;
BUN	14	mg/dL;	SCr	1.0	mg/dL;	glucose	120	mg/dL

Digoxin	level	(drawn	two	hours	after	ingestion):	3.94	ng/mL
ECG:	Normal	sinus	rhythm;	ventricular	rate	84	bpm;	QRS	90	msec;	QTc	425

msec

QUESTIONS
1.	Does	this	patient	have	signs	or	symptoms	consistent	with	digoxin	toxicity?	If
so	what	signs	or	symptoms	of	digoxin	toxicity	does	this	patient	exhibit,	and
what	is	the	likely	cause?

Answer:
This	patient	has	no	signs	or	symptoms	consistent	with	digoxin	toxicity.	He	has
no	 gastrointestinal	 or	 neurological	 complaints	 at	 this	 time.	His	 ECG	 does	 not
show	any	dysrhythmias	or	conduction	abnormalities,	and	he	is	hemodynamically
stable.	His	serum	potassium	is	within	normal	limits.

Additionally	 based	 on	 the	 size	 of	 this	 patient’s	 dose,	 toxicity	would	 not	 be
expected.	DSFab	is	indicated	with	acute	exposures	≥10	mg	and	≥4	mg	in	adults
and	children,	respectively.	This	patient	was	exposed	to	0.5	mg,	which	is	<10	mg.

2.	Is	the	patient’s	digoxin	level	a	pre-	or	postdistribution	level?	Why	would
knowing	this	information	impact	the	interpretation	of	this	digoxin	level?



Answer:
Digoxin’s	 therapeutic	 range	 is	 0.8–2.0	 ng/mL.	 It	 is	 important	 to	 note	 that	 this
range	 refers	 to	 a	 postdistribution,	 steady-state	 concentration.	 Digoxin	 obeys	 a
two-compartment	model,	with	a	 rapidly	distributing	compartment	and	a	slowly
distributing	 compartment.	 The	 vasculature	 and	 the	myocardium	 are	 respective
parts	 of	 the	 rapidly	 distributing	 and	 slowly	 distributing	 compartments.	Once	 a
distribution	 equilibrium	 is	 reached	 between	 the	 compartments,	 the
concentrations	 in	 the	 rapidly	 distributing	 compartment	 are	 proportional	 to	 the
concentrations	 in	 the	slowly	distributing	compartment.	This	equilibrium	occurs
approximately	4	hours	and	6	hours	after	the	administration	of	IV	and	oral	doses,
respectively.	 Concentrations	 assessed	 prior	 to	 distribution	 equilibrium	 will
appear	falsely	elevated	because	digoxin	has	not	yet	fully	distributed	throughout
the	body.

This	patient’s	digoxin	 level	was	3.94	ng/mL,	which,	 if	drawn	appropriately,
could	be	potentially	toxic.	However,	this	level	was	drawn	approximately	2	hours
postingestion	 and	 is	 a	 predistribution	 level.	 Our	 reference	 range	 is	 based	 on
postdistribution	 levels	 and	 cannot	 be	 used	 for	 comparison.	 Additionally,	 this
patient	has	no	signs	or	symptoms	of	toxicity	at	this	time.	A	digoxin	level	should
be	 repeated	 at	 least	 6	 hours	 postingestion	 and	 should	 be	 interpreted	 in	 the
context	of	the	clinical	picture	at	that	time.

3.	Should	this	patient	receive	digoxin-specific	Fab	(DSFab)?	If	so,	what	dose
should	the	patient	receive?

Answer:
DSFab	is	indicated	with	the	following:

•			Progressive	bradydysrhythmias	or	second-/third-degree	heart	block	not
responsive	to	atropine.

•			Severe	ventricular	dysrhythmias	or	tachydysrhythmias.
•			Serum	potassium	>5	mEq/L	in	an	acute	digoxin	intoxication.
•			Postdistribution	serum	digoxin	concentration	(SDC)	≥10	ng/mL,	or	a	SDC
≥15	ng/mL	at	any	time.

•			Acute	digoxin	ingestion	≥10	mg	(adult)	or	≥4	mg	(child).
•			Rapidly	progressing	signs	or	symptoms	of	digoxin	toxicity	in	combination
with	an	increasing	potassium	level.



This	patient	does	not	meet	any	of	these	criteria	and	DSFab	is	not	indicated	at	this
time.

CASE	13:	DIGOXIN	TOXICITY	(CHRONIC)
An	 89-year-old	 female	 (weight	 52	 kg)	 presents	 with	 complaints	 of	 confusion,
nausea,	and	vomiting	over	the	past	week.	Four	weeks	prior	to	presentation,	the
patient	had	been	admitted	for	palpations	and	atrial	fibrillation	poorly	controlled
on	 metoprolol.	 The	 patient	 was	 started	 on	 digoxin	 0.25	 mg	 once	 daily	 and
discharged	home.	Her	 last	 digoxin	 dose	was	 the	 evening	prior	 to	 presentation
(>12	 hours).	 An	 initial	 ECG	 demonstrated	 atrial	 fibrillation	 with	 frequent
premature	ventricular	contractions	(PVCs).
Past	 medical	 history	 includes	 atrial	 fibrillation,	 congestive	 heart	 failure,

hypothyroidism,	hypertension,	and	diabetes	mellitus.
She	is	currently	taking	metoprolol	100	mg	twice	daily,	verapamil	XR	240	mg

once	daily;	digoxin	0.25	mg	once	daily,	fosinopril	20	mg	once	daily;	furosemide
40	 mg	 twice	 daily,	 spironolactone	 100	 mg	 once	 daily,	 levothyroxine	 100	 mcg
once	daily,	 insulin	glargine	35	units	subcutaneously	every	bedtime,	and	insulin
aspart	8	units	subcutaneously	before	every	meal.

VS:	T	37.5°C;	BP	78/54;	HR	60	bpm;	RR	26	rpm;	O2sat	100%	6L	NC
BMP:	Na+	135	mEq/L;	K+	5.2	mEq/L;	Cl-	104	mEq/L;	HCO3

-	22	mmol/L;
BUN	60	mg/dL;	SCr	2.1	mg/dL;	Glucose	145	mg/dL

Serum	digoxin	concentration:	4.5	ng/mL
ECG:	atrial	fibrillation	with	frequent	premature	ventricular	contractions

QUESTIONS
1.	Does	this	patient	have	signs	or	symptoms	consistent	with	digoxin	toxicity?	If
so	what	signs	or	symptoms	of	digoxin	toxicity	does	this	patient	exhibit,	and
what	is	the	likely	cause?

Answer:
A	 number	 of	 the	 patient’s	 signs	 and	 symptoms	 are	 consistent	 with	 digoxin
toxicity.	She	has	gastrointestinal	(nausea),	neurologic	(confusion,	altered	mental
status),	 and	 cardiac	 (hypotension,	 atrial	 fibrillation	 with	 frequent	 PVCs)



manifestations.	The	patient’s	hyperkalemia	is	 likely	multifactorial	and	could	be
the	result	of	renal	insufficiency	or	concurrent	medications.	Hyperkalemia	due	to
digoxin	effect	is	more	commonly	associated	with	acute	exposures.

The	patient	has	a	number	of	factors	that	could	have	attributed	to	the	signs	and
symptoms	of	digoxin	toxicity.	First,	this	patient	appears	to	have	some	degree	of
renal	insufficiency.	Digoxin	is	eliminated	60–80	percent	unchanged	in	the	urine,
and	renal	insufficiency	could	lead	to	accumulation	and	increased	serum	digoxin
concentrations.	 Secondly,	 the	 patient	 was	 started	 on	 an	 inappropriate	 digoxin
dose	 for	 an	 89-year-old	 female.	 Elderly	 patients	 frequently	 have	 reduced	 lean
body	mass,	 decreased	 renal	 function,	 and	 are	on	 an	 assortment	of	medications
that	could	interact	with	digoxin.	All	these	factors	can	increase	SDCs	and	could
have	played	a	role	in	the	development	of	digoxin	toxicity.

2.	Is	the	patient’s	digoxin	level	a	pre-	or	postdistribution	level?	Why	would
knowing	this	information	impact	the	interpretation	of	this	digoxin	level?

Answer:
The	patient’s	serum	digoxin	concentration	was	drawn	greater	than	6	hours	after
her	 last	 dose.	 Therefore,	 this	 level	 is	 a	 postdistribution	 level	 and	 can	 be
compared	 to	 the	 conventional	 reference	 range.	 The	 patient’s	 serum	 digoxin
concentration	and	her	clinical	effects	are	consistent	with	digoxin	toxicity.

3.	Should	this	patient	receive	digoxin-specific	Fab?	If	so,	what	dose	should	the
patient	receive?

Answer:
This	patient	has	demonstrated	arrhythmias,	 hemodynamic	changes,	 and	mental
status	changes.	The	hyperkalemia	is	multifactorial.

Arrhythmias	 and	 hemodynamic	 instability	 are	 consistent	 with	 significant,
potentially	life-threatening	toxicity	and	digoxin-specific	Fab	is	clearly	indicated.
The	patient’s	dose	would	be	calculated	as	follows:



CASE	14:	ENDOGENOUS	AND	EXOGENOUS	DIGOXIN-LIKE
IMMUNOREACTIVE	SUBSTANCES
A	78-year-old	male	 (weight	=	98	kg)	presents	 to	his	 cardiologist’s	office	 for	a
routine	follow-up	appointment.	The	patient	has	been	maintained	on	digoxin	0.25
mg	 every	 other	 day	 for	 2	 years	 with	 serum	 digoxin	 concentrations	 (SDCs)
between	0.8	and	1.2	ng/mL.	He	is	on	the	medication	for	congestive	heart	failure;
he	 has	 noted	 symptomatic	 improvement	 since	 digoxin	 started.	 He	 has	 no
complaints	today.	He	denies	any	nausea,	vomiting,	visual	changes,	mental	status
changes,	or	palpations.	He	denies	any	increasing	shortness	of	breath	or	swelling
in	his	 lower	extremities.	He	has	had	no	changes	 in	his	prescribed	medications
since	his	last	SDC	assessment.	However,	the	patient	stated	he	has	started	taking
danshen,	 a	 Chinese	 herbal	 medication	 he	 heard	 about	 on	 the	 news,	 about	 2
weeks	ago.	The	patient	stated	he	took	his	 last	digoxin	dose	last	evening,	which
was	 12	 hours	 prior	 to	 the	 appointment,	 and	 that	 he	 has	 been	 taking	 the
medication	as	prescribed.
A	 SDC	 is	 obtained	 and	 analyzed	 at	 the	 office’s	 laboratory	 during	 the

appointment.	 The	 office’s	 laboratory	 uses	 the	 fluorescence	 polarization
immunoassay	for	digoxin.
Past	medical	history	includes	congestive	heart	failure,	hypertension,	coronary

artery	disease,	and	diabetes	mellitus.	Current	medications	include	digoxin	0.25
mg	every	other	day,	 lisinopril	40	mg	every	day,	 furosemide	40	mg	 twice	daily,
aspirin	 81	mg	 every	 day,	metoprolol	 100	mg	 twice	 daily,	metformin	 1,000	mg
twice	daily,	and	glipizide	XL	2.5	mg	once	daily.

VS:	T	37.5°C;	BP	124/82;	HR	84	bpm;	RR	16	rpm;	breathing	comfortably
on	room	air

Physical	examination	is	unremarkable.



BMP:	Na+	141	mEq/L;	K+	4.2	mEq/L;	Cl-	104	mEq/L;	HCO3
-	23	mmol/L;

BUN	10	mg/dL;	SCr	0.9	mg/dL;	glucose	147	mg/dL	(Values	are	stable
when	compared	to	his	last	appointment.)

Digoxin	level:	2.9	ng/mL
ECG:	Normal	sinus	arrhythmia;	QRS	90	msec;	QTc	425	msec

QUESTIONS

1.	Does	this	patient	have	any	signs	or	symptoms	consistent	with	digoxin	toxicity?
If	so,	what	are	they,	and	should	this	patient	receive	digoxin-specific	Fab?

Answer:
This	patient	has	no	signs	or	symptoms	consistent	with	digoxin	toxicity.	He	does
not	 have	 any	 gastrointestinal	 or	 neurologic	 complaints.	 His	 ECG	 is	 not
abnormal.	He	is	hemodynamically	stable.	Digoxin-specific	Fab	is	not	 indicated
in	this	patient.

2.	What	are	some	potential	causes	for	the	patient’s	elevated	digoxin	level?

Answer:
Elevations	 in	 SDCs	 can	 be	 explained	 by	 a	 variety	 of	 factors	 including	 renal
insufficiency,	 drug	 interactions,	 improper	 sampling,	 and	 improper	 digoxin
administration.	 The	 patient’s	 SCr	 is	 stable	 compared	 to	 previous	 values.	 The
patient’s	 prescribed	 medications	 are	 unchanged	 from	 previous	 visits.	 The
digoxin	level	was	sampled	greater	than	6	hours	after	the	patient’s	last	dose	and	is
a	postdistribution	 level.	Additionally,	 the	patient	stated	 that	he	has	been	 taking
his	 digoxin	 as	 prescribed.	 The	 only	 thing	 that	 has	 changed	 with	 the	 patient’s
medications	is	that	he	started	taking	the	Chinese	herb	danshen.

Danshen	 is	 an	 exogenous	 digoxin-like	 immunoreactive	 substance	 (ExDLIS)
that	 is	 structurally	 similar	 to	 digoxin,	 which	 also	 possesses	 some	 activity	 at
sodium-potassium	 ATPase.	 It	 can	 cause	 interference	 with	 some	 digoxin
immunoassays	 and	 leads	 to	 both	 falsely	 low	 and	 falsely	 elevated	 values
depending	on	which	immunoassay	is	used.	Therefore,	the	elevated	SDC	is	most
likely	related	to	danshen.

3.	What	interventions	could	potentially	be	attempted	to	more	thoroughly	assess



this	serum	digoxin	concentration?

Answer:
You	 could	 contact	 the	 laboratory	 to	 see	 if	 danshen	 interferes	with	 the	 digoxin
immunoassay	used	in	the	assessment.	Danshen	has	been	shown	to	have	positive
interference	 with	 the	 fluorescence	 polarization	 immunoassay	 for	 digoxin,
leading	to	falsely	elevated	values.	Clinical	evidence	suggests	that	assessing	free
digoxin	concentrations	with	this	assay	eliminates	danshen	interference.

It	 should	 be	 noted	 that	 interference	 is	 assay-dependent	 and	 varies	 with
different	ExDLISs.	Additional	follow-up	would	be	required	for	different	herbal
supplements	 and	 different	 immunoassays.	 For	 some	 herbal	 preparations	 and
some	 immunoassays,	 assessment	of	 free	digoxin	 concentrations	does	 eliminate
DLIS	interference.
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UNFRACTIONATED	HEPARIN

OVERVIEW

Unfractionated	heparin	(UFH)	is	considered	an	indirect	parenteral	anticoagulant,
as	it	has	little	or	no	intrinsic	anticoagulant	activity	and	works	by	potentiating	the
effect	of	antithrombin	(AT),	by	UFH	binding	to	it,	and	thereby	inhibiting	various
activated	clotting	factors.1

UFH	is	a	glycosaminoglycan	found	 in	 the	secretory	granules	of	mast	cells.2
UFH	is	a	heterogeneous	mixture	of	various	lengths	and	properties.	Each	heparin
molecule	 is	 made	 up	 of	 alternating	 D-glucuronic	 acid	 and	 N-acetyl-D-
glucosamine	residues	with	varying	molecular	size	from	5,000	to	30,000	daltons
(mean	15,000	daltons).3-5	The	anticoagulant	effect	of	UFH	is	mediated	through	a
specific	 pentasaccharide	 sequence	 on	 the	 heparin	 molecule	 that	 binds	 to	 AT,
which	causes	a	conformational	change	to	antithrombin.3	This	UFH-AT	complex
inhibits	the	activity	of	factors	IXa,	Xa,	XIIa,	and	thrombin	(IIa).	Only	one-third
of	 the	 heparin	 molecule	 possesses	 this	 unique	 pentasaccharide	 sequence	 with
affinity	 to	antithrombin.	This	complex	is	100	to	1,000	times	more	potent	as	an
anticoagulant	compared	to	antithrombin	alone.6	Through	its	action	on	thrombin,
this	 UFH-AT	 complex	 also	 inhibits	 factors	 V	 and	 VIII.	 Not	 only	 does	 UFH
prevent	the	growth	of	formed	thrombus,	it	may	also	have	effects	on	the	patient’s
own	thrombolytic	system.7	The	 factors	 that	 are	most	 sensitive	 to	 this	 complex
are	 IIa	 and	Xa.	Only	molecules	 that	 contain	>18	pentasaccharides	 can	bind	 to



both	 antithrombin	 and	 thrombin	 simultaneous.	 Conversely,	 molecules	 with	 as
few	as	5	pentasaccharides	 can	 inhibit	 factor	Xa.8	 In	 addition,	heparin	binds	 to
platelets,	 thereby	 inhibiting	 platelet	 function	 by	 either	 inducing	 or	 inhibiting
platelet	aggregation,	which	may	contribute	to	the	bleeding	effects	of	heparin	by	a
mechanism	independent	of	its	anticoagulation	effect.

Commercially	available	UFH	preparations	are	derived	from	porcine	intestinal
mucosa.9

PHARMACOKINETICS
Due	 to	 its	 large	 molecular	 size	 and	 anionic	 structure,	 UFH	 is	 not	 absorbed
reliably	 from	 the	 gastrointestinal	 tract	 when	 taken	 orally.2	 Intramuscular	 (IM)
injection	 is	 discouraged,	 given	 its	 erratic	 absorption.	 In	 addition,	 IM
administration	may	result	in	hematomas.	Therefore,	the	preferred	route	of	UFH
administration	 is	 either	 by	 a	 continuous	 intravenous	 (IV)	 infusion	 or	 by
subcutaneous	 injection.	 It	 is	 recommended	 to	 give	 UFH	 as	 an	 IV	 bolus	 if	 an
immediate	anticoagulant	effect	is	required	rather	than	via	a	subcutaneous	route,
because	its	anticoagulant	effect	is	seen	in	one	to	two	hours.10

The	bioavailability	of	UFH	is	dose	dependant,	which	ranges	from	30	percent
at	 lower	 doses	 to	 as	 high	 as	 70	 percent	 at	 the	 higher	 doses.	 Therefore,	 if	 the
subcutaneous	route	is	chosen	to	deliver	a	dose,	this	dose	should	be	higher	than
the	usual	intravenous	dose.11,12	The	bioavailability	and	anticoagulant	activity	of
UFH	 is	 limited	 by	 the	 binding	 of	 UFH	 to	 a	 number	 of	 circulating	 plasma
proteins	 such	 as	 platelet	 factor-4,	 macrophages,	 fibrinogen,	 lipoprotein,	 and
endothelial	cells,	which	may	account	for	the	inter-	and	intrapatient	variability.13
The	circulating	plasma	proteins	levels	can	rapidly	change	in	acutely	ill	patients
or	patients	with	active	thrombosis.	The	volume	of	distribution	of	UFH	is	similar
to	 blood	 volume	 (60	mL/kg)	 and	 binds	 extensively	 to	 low-density	molecules.
UFH	does	not	cross	the	placenta	and	does	not	distribute	in	breast	milk.10

The	 half-life	 of	 UFH	 is	 also	 dose-dependent	 and	 can	 range	 from	 30	 to	 90
minutes	or	more	in	patients	receiving	high	doses.	Heparin	clearance	consists	of	a
rapid	 saturable	 phase	 and	 slower	 first-order	 process.	 In	 the	 saturable	 phase,
heparin	 binds	 to	 endothelial	 cells	 and	 macrophages,	 and	 once	 bound	 it	 is
internalized	and	eliminated	from	the	circulation.	The	slower	nonsaturable	phase
is	 the	 renal	 elimination	 of	 heparin.14,15	 Therefore,	 a	 disproportionate
anticoagulant	 response	 may	 occur	 at	 therapeutic	 doses	 with	 the	 duration	 and
intensity	 of	 anticoagulation	 rising	 nonlinearly	 with	 increasing	 dose.	 At



therapeutic	 doses,	 a	 large	 proportion	 of	 heparin	 is	 cleared	 through	 the	 rapid
saturable,	 dose-dependent	 mechanism.	 In	 addition,	 the	 apparent	 half-life	 of
heparin	 increases	 from	 approximately	 30	 minutes	 after	 an	 IV	 bolus	 of	 25
units/kg,	to	60	minutes	with	an	IV	bolus	of	100	units/kg,	to	150	minutes	with	a
bolus	of	400	units/kg.8

UFH	is	used	to	treat	various	cardiovascular	disorders	including	the	prevention
and	 treatment	 of	 arterial	 and	 venous	 thromboembolism,	 treatment	 of	 unstable
angina,	 acute	 myocardial	 infarction,	 cardiac	 and	 vascular	 surgery,	 coronary
angioplasty,	stent	placement	and	is	also	used	as	an	adjunctive	medication	during
thrombolysis.16	 UFH	 still	 remains	 the	 anticoagulant	 of	 choice	 for	 any
interventional	or	surgical	procedures,	despite	the	availability	of	newer	agents	on
the	 market.	 It	 also	 remains	 the	 anticoagulant	 of	 choice	 for	 patients	 during
pregnancy,	given	its	favorable	pharmacokinetics.

DOSING
The	dose	and	route	of	UFH	is	dependent	on	the	indication,	the	therapeutic	goals
and	 the	 patient’s	 response.	 For	 the	 prevention	 of	 venous	 thromboemolism,	 the
recommended	UFH	dose	is	5,000	units	subcutaneous	every	8	to	12	hours17	and	a
weight-based	intravenous	continuous	infusion	is	preferred	when	immediate	and
full	anticoagulation	is	required.8	The	efficacy	of	heparin	in	the	initial	treatment
of	VTE	is	critically	dependent	on	dose.

In	a	randomized	trial	by	Raschke	and	colleagues,18	patients	received	heparin
at	 fixed	 doses	 (5,000-unit	 bolus	 followed	 by	 1,000	 units/h	 by	 infusion)	 or
adjusted	doses	using	a	weight-based	nomogram	(starting	dose,	80	units/kg	bolus
followed	 by	 18	 units/kg/h	 by	 infusion).	 This	 trial	 showed	 that	 while	 patients
receiving	UFH	via	a	weight-based	nomogram	received	higher	doses	within	 the
first	 24	 hours	 than	 those	 given	 fixed	 doses	 of	 heparin,	 the	 rate	 of	 recurrent
thromboembolism	was	significantly	lower	with	the	weight-based	UFH	regimen.
The	 2012	 guidelines	 from	 the	 American	 College	 of	 Chest	 Physicians8
recommend	that	the	initial	parenteral	heparin	dosing	for	VTE	be	administered	as
weight-based	(80	units/kg	IV	bolus	and	18	units/kg/h	IV	infusion).	If	continuous
intravenous	 heparin	 administration	 is	 not	 possible,	 then	 it	 is	 recommended	 to
administer	UFH	subcutaneously	SC	via	 two	options:	 (1)	 an	 initial	 IV	bolus	of
5,000	units	followed	by	250	units/kg	SC	twice	daily19;	or	(2)	an	initial	SC	dose
of	 333	 units/kg	 followed	 by	 250	 units/kg	 SC	 twice	 daily	 thereafter.20	 For	 the
treatment	of	acute	coronary	syndromes,	the	recommended	doses	are	much	lower
than	 that	used	for	VTE.	The	American	College	of	Cardiology21	 recommends	a



heparin	 bolus	 of	 60	 to	 70	 units/kg	 (maximum	 5,000	 units)	 followed	 by	 an
infusion	of	12	to	15	units/kg/h	(maximum	1,000	units/h)	for	unstable	angina	and
non-ST-segment	elevation	myocardial	infarction.	If	UFH	is	used	in	combination
with	 a	 fibrinolytic	 agent	 for	 the	 treatment	of	ST-segment	 elevation	myocardial
infarction,	 the	 recommended	 dose	 is	 60	 units/kg	 (maximum	 4,000	 units)	 as	 a
bolus	and	the	infusion	is	12	units/kg/h	(maximum	of	1,000	units/kg/h).22

MONITORING

The	risk	of	heparin-associated	bleeding	increases	as	the	UFH	dose	increases23,24
and	if	used	in	conjunction	with	other	antithrombotic	agents	such	as	fibrinolytic
agents25	 or	 glycoprotein	 IIb/IIIa	 inhibitors.26	 This	 risk	 also	 increases	 when
patients	 have	 had	 recent	 surgery	 or	 other	 invasive	 procedures	 or	 have	 other
comorbidities	 that	 can	worsen	 hepatic	 function.	 The	 dose	 of	 UFH	 is	 adjusted
based	on	the	activated	partial	thromboplastin	(aPTT),	while	the	evidence	is	weak
to	maintain	a	“therapeutic	range”	(which	is	hospital-specific	and	only	based	on	a
subgroup	 analysis).	 A	 strong	 correlation	 is	 found,	 however,	 between
subtherapeutic	 aPTT	 value	 and	 recurrent	 VTE,	 but	 a	 relationship	 between	 a
supratherapeutic	aPTT	value	and	bleeding	is	not	as	clear.27	The	activated	clotting
time	 can	 be	 used	 to	 monitor	 the	 higher	 heparin	 doses	 given	 to	 patients
undergoing	 percutaneous	 coronary	 interventions	 or	 cardiopulmonary	 bypass
surgery.	The	recommended	aPTT	ratio	 that	has	been	associated	with	a	 reduced
risk	of	recurrent	VTE	is	between	1.5	and	2.5	times	control.28

As	stated	before,	this	range	has	not	been	confirmed	by	any	randomized	trials,
but	has	been	accepted	as	 the	standard.	The	 therapeutic	aPTT	ranges	vary	 from
hospital	 to	 hospital	 as	 it	 is	 dependent	 on	 the	 various	 reagents	 and	 instruments
used	to	measure	the	aPTT.	Therefore,	no	weight-based	heparin	nomogram	is	the
same	 from	 hospital	 to	 hospital,	 nor	 can	 they	 be	 applied	 to	 all	 reagents;	 each
hospital	must	determine	there	own	anti-Xa	assay	dependent	on	the	reagent	being
used.	One	study	established	a	therapeutic	range	for	an	aPTT	ratio	of	1.5	to	2.5
that	corresponded	to	a	heparin	level	of	0.2	to	0.4	units	by	protamine	titration	and
a	heparin	level	of	0.3	to	0.7	units	measured	by	an	anti-Xa	assay.28	Again,	given
the	variability	between	aPTT	and	anti-Xa	assays	between	each	laboratory,	more
research	 is	 needed	 to	 identify	 which	 is	 the	 best	 monitoring	 tool	 for	 UFH.
Therefore,	 in	 2012,	 the	American	College	 of	Chest	 Physicians8	 recommended
that	each	lab	calibrate	specifically	for	each	reagent/coagulometer	in	determining
aPTT	values	and	correlating	these	values	with	therapeutic	UFH	levels.	Prior	 to
initiating	 therapeutic	 UFH,	 it	 is	 recommended	 to	 obtain	 a	 baseline	 PT,	 aPTT,



CBC	 with	 platelet	 count,	 and	 subsequent	 aPTT	 levels	 every	 six	 hours	 after
initiation	and	 for	any	dosing	changes,	until	 therapeutic	aPTT	values	have	been
achieved.

ADVERSE	EFFECTS
A	 well-known	 adverse	 effect	 of	 UFH	 is	 thrombocytopenia	 in	 addition	 to
hemorrhagic	 complications.	 The	 relationship	 between	 supratherapeutic	 aPTT
and	 bleeding	 has	 not	 been	 clearly	 delineated.27	 The	 occurrence	 of	 bleeding
complications	in	patients	receiving	UFH	ranges	from	1.5	to	20	percent	with	an
increased	 risk	 in	 patients	 with	 preexisting	 risk,	 which	 includes	 renal	 or	 liver
disease,	 malignancy,	 and	 age	 greater	 than	 65	 years,	 to	 name	 a	 few.
Thrombocytopenia	 is	 defined	 as	 platelet	 count	 of	 <150,000/mm3.	 Of	 the	 two
types	of	heparin-induced	thrombocytopenia	(HIT),	the	first	type	of	HIT	presents
within	 the	 first	 2	 days	 after	 exposure	 to	 heparin,	 and	 the	 platelet	 count
normalizes	with	continued	heparin	therapy.	It	is	well	known	that	this	type	of	HIT
is	a	nonimmune	disorder,	and	occurs	with	the	direct	effect	of	heparin	on	platelet
activation.	 The	 second	 type	 of	 HIT	 is	 an	 immune-mediated	 disorder	 that
typically	occurs	4–10	days	after	exposure	to	heparin,	and	it	has	life-threatening
prothrombotic	complications	if	not	quickly	identified.29

Immune-mediated	 HIT	 should	 be	 suspected	 when	 a	 patient	 has	 a	 fall	 in
platelet	 count	while	 receiving	heparin—particularly	 if	 the	 fall	 is	more	 than	50
percent	of	 the	baseline	count,	even	if	 the	platelet	count	>150,000/mm3—and	is
evidenced	 by	 skin	 lesions	 at	 heparin	 injection	 sites.	 To	 help	 clinicians	 with
determining	the	probability	that	a	patient	has	this	type	of	HIT,	the	4Ts	score	has
been	developed	and	 the	most	 studied.30-32	This	pretest	 clinical	 scoring	 system,
helps	clinicians	 in	 the	diagnosis	of	HIT,	but	should	never	be	used	alone.	Other
nonhemorrhagic	side	effects	are	uncommon	and	include	skin	reactions	that	can
progress	 to	 necrosis,	 alopecia,	 and	 hypersensitivity	 reactions	 manifested	 by
chills,	 fever,	pruritus,	or	anaphylactoid	reactions.	Other	adverse	effects	 that	are
seen	 with	 UFH	 therapy	 include	 elevations	 of	 serum	 transaminases,	 but	 are
usually	transient,	and	osteoporosis.	Osteoporosis	is	caused	by	binding	of	heparin
to	 osteoblasts,	 which	 has	 been	 reported	 in	 patients	 receiving	 long-term	 (>6
months)	large	daily	doses	of	UFH.

REVERSAL	OF	ANTICOAGULANT	EFFECT	OF	UFH

Given	 all	 the	 new	 anticoagulants	 coming	 to	 market,	 UFH	 has	 one	 advantage



over	 these	 new	 agents	 in	 that	 protamine	 can	 rapidly	 reverse	 its	 anticoagulant
effect.	Protamine	sulfate	is	a	basic	protein	derived	from	fish	sperm	that	binds	to
heparin	 to	 form	 a	 stable	 salt.	 The	 recommended	 dose	 is	 1	 mg	 of	 protamine
sulfate	 to	 neutralize	 approximately	 100	 units	 of	 heparin.8	 For	 example,	 if	 a
patient	bleeds	immediately	after	receiving	an	IV	bolus	of	4,000	units	of	heparin
then	 this	 patient	 should	 receive	 about	 40	 mg	 of	 protamine	 sulfate.	 Protamine
sulfate	is	quickly	cleared	from	circulation	with	a	half-life	of	about	7	minutes.

As	stated	previously,	the	half-life	of	IV	heparin	is	about	60–90	minutes	when
heparin	is	given	as	an	IV	infusion.	The	calculated	dose	of	protamine	that	needs
to	be	administered	should	take	into	account	the	amount	of	heparin	only	given	in
the	previous	few	hours.	If	a	patient	is	receiving	UFH	as	a	continuous	IV	infusion
at	2,000	units/h,	 then	you	require	approximately	50	mg	of	protamine	sulfate	 to
neutralize	the	heparin	that	was	given	in	the	past	2–2.5	hours.	It	is	important	that
the	 correct	 dose	of	protamine	be	used	 to	 reverse	UFH,	because	protamine	 can
exert	 its	 own	 anticoagulant	 effect	 if	 used	 in	 doses	 larger	 than	 required.
Additional	protamine	adverse	effects	include	hypotension	or	bradycardia,	which
can	be	minimized	by	administering	protamine	no	faster	than	5	mg/min.9

LOW-MOLECULAR-WEIGHT	HEPARIN

OVERVIEW
The	 development	 of	 low-molecular-weight	 heparin	 (LMWH)	 from	 either
chemical	 or	 depolymerization	 of	 UFH	 has	 increased	 clinical	 options	 for	 the
management	 of	 thromboembolic	 disorders.	 LMWHs	 primarily	 exert	 their
anticoagulant	 effect	 by	 inactivating	 active	 factor	 X	 with	 less	 affinity	 for
thrombin.8	 Each	 LMWH	 has	 a	 different	 amount	 of	 antifactor	 Xa	 activity;
therefore,	each	preparation	should	be	considered	an	individual	drug	that	cannot
be	used	interchangeably.

It	is	well-established	that	LMWHs	are	approximately	one-third	the	molecular
weight	 and	 exhibit	 decreased	 binding	 to	 macrophages,	 endothelial	 cells,
platelets,	 and	 platelet	 factor	 4.8	 These	 differences	 offer	 several	 advantages	 of
LMWHs	when	compared	to	UFH.	These	advantages	include	a	more	predictable
pharmacokinetic	 response,	 improved	 subcutaneous	 bioavailability,	 longer	 half-
life,	 and	 lower	 incidence	 of	 HIT.	 As	 a	 result,	 LMWHs	 have	 largely	 replaced
UFH	for	the	prevention	and	treatment	of	venous	thromboembolism	(VTE)	and	in



the	management	of	unstable	angina	and	non-ST	elevation	myocardial	infarction
(NSTE-MI).

PHARMACOKINETICS
After	 SC	 administration,	 the	 bioavailability	 of	 LMWH	 approaches	 100
percent.33	 Low-molecular-weight	 heparins	 predominately	 concentrate	 in	 the
plasma	 and	 highly	 vascular	 tissues	 with	 little	 distribution	 in	 fat	 tissue.34	 The
half-life	 of	 LMWHs	 is	 approximately	 3–6	 hours	 after	 SC	 administration,
significantly	longer	as	compared	to	UFH.	Antifactor	Xa	activity	persists	longer
than	antifactor	IIa	activity,	reflecting	the	more	rapid	clearance	of	longer	heparin
chains.35	 The	 peak	 anticoagulant	 effect	 is	 observed	 with	 LMWHs	 3–5	 hours
after	 administration.8	 Even	 though	 UFH	 is	 mainly	 cleared	 by	 a	 cellular
mechanism,	LMWHs	are	strongly	dependent	on	the	renal	route	for	elimination.
Renal	 impairment	 will	 lead	 to	 a	 reduction	 in	 clearance	 with	 a	 subsequent
increase	in	elimination	half-life	and	augmented	anticoagulant	activity	leading	to
an	increased	risk	of	bleeding.

MONITORING

Routine	monitoring	of	 traditional	measures	of	 coagulation	 is	not	necessary	 for
the	 vast	 majority	 of	 patients	 receiving	 LMWHs	 as	 a	 result	 of	 the	 predictable
anticoagulant	 response.	 Baseline	 coagulation	 factors	 along	 with	 a	 complete
blood	 count	 and	 serum	 creatinine	 should	 be	 obtained	 at	 the	 initiation	 of	 a
LMWH	 and	 periodically	 throughout	 therapy.8	 Monitoring	 of	 plasma	 anti-Xa
activity	 is	 the	 recommended	 test	 if	 monitoring	 is	 desired;	 however,	 it	 is	 not
essential	in	patients	with	stable	and	uncomplicated	conditions.36,37	Peak	anti-Xa
level,	 drawn	 four	 hours	 after	SC	 administration,	 is	 dependent	 on	 the	 drug	 and
dosing	 interval.	 Target	 anti-Xa	 levels	 for	 twice	 daily	 treatment	 of	 VTE	 with
enoxaparin	 are	 0.6–1.0	 units/mL.37,38	 Target	 anti-Xa	 levels	 for	 once	 daily
administration	 of	 enoxaparin,	 dalteparin,	 or	 tinzaparin	 are	 >1.0	 units/mL,	 1.05
units/mL,	and	0.85	units/mL,	respectively.37,39

GENERAL	DOSING
Fixed	or	weight-based	dosing	for	LMWH	is	based	on	product	and	indication	(see
Table	7-1).	For	each	product,	doses	should	be	based	on	actual	body	weight.	It	is
important	 to	 note	 that	 enoxaparin	 dosing	 is	 expressed	 in	 milligrams,	 whereas



dalteparin	and	tinzaparin	are	expressed	in	units	of	antifactor	Xa	activity.40-42

TABLE	7-
1 Dosing	and	Indications	of	LMWH





aFDA	approved	dose

Dosing	Considerations	in	the	Obese	Patient
Obese	patients,	defined	as	individuals	with	a	body	mass	index	(BMI)	of	greater
than	30	kg/m2,	have	a	lower	proportion	of	lean	body	mass	as	compared	to	their
total	body	weight.43	Controversy	surrounds	the	appropriate	dosing	in	this	patient
population	 because	 of	 a	 paucity	 of	 data	 on	 the	 optimal	 dosing	 strategy	 of
LMWHs.

Two	 retrospective	 subgroup	 analyses	 of	 obese	 patients	 receiving	 a	 fixed
prophylactic	dose	of	enoxaparin	or	dalteparin	did	not	demonstrate	a	significant
difference	in	VTE	occurrence	compared	with	placebo	in	nonobese	patients.44,45
However,	 unadjusted	 prophylactic	 doses	 of	 LMWHs	 may	 be	 insufficient	 to
prevent	VTE	in	this	patient	population	because	of	an	inverse	correlation	between
total	body	weight	and	antifactor	Xa	activity.46	A	prospective	 study	of	bariatric
surgical	patients	demonstrated	a	lower	incidence	of	DVT	in	patients	receiving	a
higher	 dose	 of	 enoxaparin	 without	 an	 increase	 in	 bleeding	 rate.47	 A	 small
nonrandomized	 trial	 demonstrated	 effectiveness	 without	 increased	 bleeding
when	enoxaparin	was	dosed	per	weight	for	the	prevention	of	thromboembolism
in	medically	 ill,	 morbidly	 obese	 patients.48	 Based	 on	 these	 and	 other	 clinical
studies,	 increasing	VTE	prophylactic	doses	of	enoxaparin	or	dalteparin	may	be
appropriate	 in	 obese	 patients,	 especially	 the	 morbidly	 obese	 bariatric	 surgical
patient.46,47,49,50

Small	 studies	 including	obese	patients	 treated	 for	VTE	using	 enoxaparin	or
dalteparin	have	demonstrated	that	dosing	regimens	based	on	actual	body	weight
were	 effective	 without	 an	 increase	 in	 bleeding	 events.51,52	 In	 a	 prospective
registry	of	patients	with	acute	VTE,	thrombotic	and	bleeding	outcomes	did	not
differ	between	obese	and	nonobese	patients,	despite	the	low	doses	of	LMWH	in
the	patients	weighing	more	than	100	kg.53	In	a	retrospective	analysis	of	the	TIMI
IIb	and	ESSENCE	trials,	about	half	of	the	patients	who	received	enoxaparin	or
UFH	 for	 NSTE-MI	 were	 obese	 with	 a	 mean	 BMI	 of	 31.4	 kg/m2.54	 In	 this
analysis	the	composite	endpoint	of	death,	MI,	and	urgent	revascularization	were
lower	 in	 patients	 receiving	 enoxaparin	 in	 both	 obese	 and	 nonobese	 patients.
Rates	of	major	bleeding	were	 similar	between	obese	and	nonobese	patients.	A
prospective	 study	 enrolling	 patients	 with	 NSTE-MI	 compared	 dalteparin	 to
placebo	 on	 the	 rate	 of	 death	 and	 new	MI	during	 the	 first	 6	 days.55	 Dalteparin
doses	were	capped	at	10,000	IU	twice	daily.	Patients	weighing	 less	 than	76	kg
demonstrated	a	1.3	percent	incidence	of	death	or	MI,	compared	to	2.2	percent	in



patients	weighing	more	than	76	kg	at	study	day	6.	Based	on	these	results,	obese
patients	with	VTE	or	ACS	should	have	their	LMWH	dosed	based	on	total	body
weight.	Until	 further	elucidated,	obese	patients	with	VTE	receiving	enoxaparin
should	be	treated	with	twice	daily	dosing.56

Dosing	Considerations	in	Patients	with	Kidney	Injury
Low-molecular-weight	heparin	 is	primarily	eliminated	 through	 the	kidneys.	As
such,	 the	 use	 of	 LMWHs	 in	 patients	 with	 renal	 impairment	 leads	 to
accumulation	and	a	higher	risk	of	bleeding.8	The	risk	of	LMWH	accumulation
and	bleeding	is	dependent	on	the	severity	of	renal	injury	along	with	the	dose	and
the	LMWH	administered.

At	prophylactic	doses,	LMWHs	have	not	demonstrated	a	significant	increase
in	 bleeding	 risk	 in	 patients	 with	 mild-to-moderate	 renal	 impairment.	 The
available	 evidence	 suggests	 that	 dose	 adjustments	 of	 dalteparin	 and	 tinzaparin
are	 not	 necessary	 in	 patients	 with	 renal	 impairment.	 In	 a	 prospective	 study,
prophylactic	subcutaneous	dalteparin	was	administered	to	consecutive	critically
ill	 patients	 with	 an	 estimated	 CrCl	 of	 less	 than	 30	 mL/min.57	 No	 evidence
indicated	accumulation	or	an	increased	risk	of	bleeding.	A	small	study	enrolling
elderly	patients	with	an	estimated	CrCl	between	20	and	50	mL/min	showed	no
evidence	 of	 accumulation	 of	 tinzaparin	 over	 an	 eight-day	 period	 when
administered	 at	 prophylactic	 doses.58	 However,	 accumulation	 of	 enoxaparin
occurs	with	 repeated	prophylactic	doses	 in	patients	with	 renal	 impairment.58,59
As	a	result,	 the	manufacture	recommends	a	dose	reduction	of	enoxaparin	to	30
mg	 SC	 daily	 in	 patients	 with	 a	 CrCl	 of	 30	 mL/min	 or	 less.40	 No	 specific
recommendations	 are	 given	 for	 other	 LMWHs.	 Bleeding	 rates	 from	 LMWH
when	 used	 as	 prophylactic	 treatment	 of	 VTE	 appear	 to	 be	 low	 with	 little
accumulation;	 however,	 the	 risk	 of	 bleeding	 in	 patients	 with	 moderately
impaired	renal	function	over	an	extended	time	period	remains	elusive.

At	 therapeutic	doses,	a	 reduction	 is	noted	 in	LMWH	elimination	 in	patients
with	 renal	 insufficiency,	 which	 is	 associated	 with	 an	 increased	 risk	 of
bleeding.60,61	 A	 meta-analysis	 including	 4,971	 patients	 demonstrated	 an
increased	risk	of	major	bleeding	in	patients	receiving	enoxaparin	with	a	CrCl	of
30	 mL/min	 or	 less	 when	 compared	 to	 patients	 with	 a	 CrCl	 greater	 than	 30
mL/min.62	 The	 rate	 of	 bleeding	 for	 daltaparin	 or	 tinzaparin	 could	 not	 be
determined	because	of	 insufficient	data.	Empiric	dose	reductions	of	enoxaparin
decreased	bleeding	rates;	however,	did	not	reach	statistical	significance.	Several
large	 registries	 have	 also	 demonstrated	 an	 increase	 in	 major	 bleeding	 when



LMWHs	were	used	in	patients	with	a	CrCl	of	30	mL/min	or	less	in	the	treatment
of	 VTE	 or	 ACS.54,63-66	 Enoxaparin	 is	 the	 only	 LMWH	 that	 has	 dosing
recommendations	 for	 use	 in	 patients	 with	 severe	 renal	 impairment.40	 A	 50
percent	 dose	 reduction	 is	 recommended	 compared	 to	 the	 standard	 dose	 for
patients	with	VTE	yielding	peak	antifactor	Xa	levels	within	target	range.67,68

Although	limited,	available	data	suggests	that	therapeutic	dose	tinzaparin	has
little	 accumulation	 when	 administered	 to	 patients	 with	 age-related	 renal
impairment	over	a	10-	to	30-day	period.69,70	This	difference	in	clearance	may	be
related	to	the	higher	molecular	weight	as	compared	to	other	LMWHs.8

In	 patients	 with	 severe	 kidney	 injury	 requiring	 therapeutic	 anticoagulation,
alternative	agents	such	as	UFH	may	be	a	safer	choice.	If	a	LMWH	is	initiated	in
a	 patient	 with	 renal	 impairment,	 along	 with	 dose	 reductions,	 antifactor	 Xa
measurements	may	be	prudent	with	extended	use.

Dosing	Considerations	in	the	Elderly
Older	 populations	 are	 frequently	 underrepresented	 or	 not	 included	 in	 clinical
trials	making	the	assessment	of	LMWH	safety	and	efficacy	limited	in	this	patient
population.	 Many	 elderly	 patients	 have	 pharmacokinetic	 alterations	 based	 on
age-related	renal	impairment	and	a	reduction	in	lean	body	mass.	In	addition,	the
elderly	 are	 at	 twofold	 increase	 risk	 for	 a	 major	 bleeding	 event	 when
anticoagulated	 for	 the	 treatment	 of	 VTE.71	 Among	 the	 three	 LMWHs,	 only
enoxaparin	has	a	recommended	dose	reduction	in	patients	aged	75	or	greater	for
the	treatment	of	ACS.40

The	 use	 of	 tinzaparin	 is	 not	 recommended	 in	 elderly	 patients	 with	 renal
insufficiency	 based	 on	 the	 interim	 findings	 of	 a	 clinical	 trial	 that	 compared
tinzaparin	to	UFH	in	the	initial	treatment	of	DVT	and/or	PE	in	elderly	patients
aged	70	years	or	older	with	estimated	creatinine	clearance	below	30	mL/min	or
patients	 aged	 75	 years	 or	 older	 with	 estimated	 creatinine	 clearance	 below	 60
mL/min.42	Overall	mortality	rates	were	6.3	percent	in	patients	treated	with	UFH
and	11.5	percent	in	patients	treated	with	tinzaparin.72

Dosing	Considerations	in	the	Critically	Ill	Patient
In	 the	absence	of	any	contraindications,	all	critically	 ill	patients	should	receive
pharmacologic	 thromboprophylaxis.	 In	 patients	 with	 active	 bleeding	 or	 an
acquired	 coagulopathy,	 intermittent	 pneumatic	 compression	 devices	may	 serve
as	an	alternative.	 In	critically	 ill	patients,	 the	bioavailability	of	 subcutaneously
administered	drugs	has	been	shown	to	be	reduced	in	ICU	patients	because	of	the



concomitant	 use	 of	 vasoactive	 drugs	 or	 the	 presence	 of	 edema;	 therefore,
potentially	providing	a	reduced	effect.73,74

REVERSAL
Neutralization	 of	 LMWH	by	 protamine	 sulfate	 is	 incomplete	 neutralization	 of
antifactor	Xa.	 In	scenarios	when	 the	reversal	of	LMWH	is	clinically	 indicated,
protamine	 sulfate	 should	 be	 administered	 in	 a	 dose	 of	 1	 mg	 for	 every	 100
antifactor	Xa	units	of	LMWH	(1	mg	of	enoxaparin	is	approximately	equal	to	100
antifactor	 Xa	 units)	 if	 the	 dose	 of	 LMWH	 was	 given	 within	 the	 previous	 8
hours.8	The	maximum	single	dose	of	protamine	sulfate	is	50	mg.	Smaller	doses
of	protamine	sulfate	may	be	considered	if	more	than	8	hours	have	elapsed	from
the	last	dose	of	LMWH.

ADVERSE	EFFECTS

The	most	 common	 adverse	 effect	 associated	with	 LMWHs	 is	 bleeding.	Major
bleeding	 from	LMWH	has	 been	 reported	 to	 be	 less	 than	 3	 percent	 and	 varies
among	 the	 different	 preparations.8	 Minor	 bleeding,	 particularly	 at	 the	 site	 of
injection,	 may	 occur	 frequently.	 Epidural	 or	 spinal	 hematomas	 may	 occur	 in
patients	who	are	receiving	LMWH	and	neuraxial	anesthesia	or	undergoing	spinal
puncture,	potentially	resulting	in	long-term	or	permanent	paralysis.40-42

CASE	STUDIES

CASE	1
JT	 is	an	85-year-old	man	 (80	kg,	5′11″)	admitted	 to	Hospital	X	with	right	calf
swelling	and	pain	of	one	day	in	duration.	He	denies	any	trauma	but	reports	he
was	a	passenger	on	a	lengthy	trip	where	he	was	sitting	for	long	hours.	He	denies
any	 shortness	 of	 breath,	 cough,	 or	 chest	 pain.	 JT	 has	 a	 history	 of	 MI	 and
hypercholesterolemia.	 Initial	 relevant	 labs	 include	 SCr	=	 1.5,	 INR	=	 1,	 PT	=
10.8	s,	aPTT	=	23.6	s,	and	platelet	count	is	200,000/mm3.	JT	is	diagnosed	with	a
DVT	of	his	right	calf.



QUESTION

Which	anticoagulant	is	recommended	for	JT	and	at	what	dose	and	route?

Answer:
Given	JT’s	elevated	SCr	of	1.5,	UFH	is	recommended	via	the	intravenous	route.
The	2012	guidelines	for	the	American	College	of	Chest	Physicians8	recommends
the	 initial	 IV	 heparin	 dosing	 for	VTE	 to	 be	 administered	 as	weight-based	 (80
units/kg	bolus	and	18	units/kg/h	infusion).	Therefore,	JT	should	receive	an	initial
bolus	 of	 6,400	 units	 (80	 units/kg	 ×	 80	 kg)	 of	 UFH,	 followed	 by	 an	 initial
infusion	of	1,400	units/hr	(18	units/kg/h	×	80	kg),	round	to	the	nearest	100	units.
In	addition,	you	recommend	that	an	aPTT	level	be	drawn	6	hours	after	heparin
infusion	has	begun.

QUESTION

Seven	 hours	 later	 the	 results	 for	 JT’s	 aPTT	 level	 comes	 back	 at	 50	 s	 and	 the
attending	 on	 call	 wants	 JT’s	 goal	 aPTT	 level	 to	 be	 90	 s,	 which	 was	 the
therapeutic	aPTT	goal	at	 the	previous	institution	where	he	worked	at.	What	do
you	want	to	tell	the	attending?	What	is	your	recommendation?	(See	Table	7-2.)

TABLE	7-
2 Hospital	X’s	Weight-Based	Nomogram



Answer:
The	therapeutic	aPTT	ranges	vary	from	hospital	to	hospital	and	are	dependent	on
the	various	reagents	and	instruments	used	to	measure	the	aPTT.	At	Hospital	X,
the	therapeutic	aPTT	corresponds	to	56–80	s.	Therefore,	based	on	Hospital	X’s
weight-based	nomogram	and	JT’s	current	aPTT	level	of	50	s,	it	recommends	to
bolus	with	3,200	units	(40	units/kg	×	80	kg)	and	to	increase	the	infusion	rate	by
200	units/hr	(i.e.,	1,600	units/hour,	keeping	in	mind	to	round	to	the	nearest	100
units).	Additionally,	the	serum	aPTT	level	should	be	ordered	and	monitored	in	6
hours.

QUESTION

This	time,	JT’s	aPTT	serum	level	is	drawn	2	hours	later	and	comes	back	at	100	s
with	no	signs	of	any	bleeding.	The	resident	wants	to	hold	the	UFH	infusion	and
decrease	the	rate.	What	do	you	recommend?

Answer:
It	 is	 recommend	 to	 continue	 the	 same	 rate	 and	 drawing	 an	 appropriate	 serum
aPTT	level	in	4	hours	and	adjusting	infusion	based	on	that	level.



QUESTION

JT	has	been	therapeutic	on	his	heparin	infusion	(1,600	units/hr)	for	the	last	24
hours	and	a	morning	aPTT	is	drawn	and	comes	back	>100	s,	hemoglobin	and
hematocrit	drops	 from	8.9	g/dL	 to	6.9	g/dL	and	36.5%	 to	20.8	%	respectively,
and	blood	 is	present	 in	JT’s	urine	and	stool.	The	resident	wants	 to	 reverse	 the
heparin.	What	do	you	recommend?

Answer:
Bleeding	 is	 the	 most	 common	 adverse	 effect	 associated	 with	 UFH
administration.	 Protamine	 is	 used	 to	 neutralize	 UFH	 by	 forming	 an	 inactive
protamine-heparin	 complex.	 The	 recommended	 dose	 is	 1	 mg	 of	 protamine
sulfate	 to	 neutralize	 approximately	 100	 units	 of	 heparin.	 Because	 JT	 was
receiving	 a	 continuous	 infusion	 of	 1,600	 units/hr,	 you	 want	 to	 give	 enough
protamine	 sulfate	 to	 neutralize	 the	 heparin	 that	was	 being	 administered	 in	 the
past	 2.5	 hours.	 It	 is	 important	 that	 the	 correct	 dose	 of	 protamine	 be	 used	 to
reverse	UFH,	because	protamine	can	exert	its	own	anticoagulant	effect	if	used	in
doses	larger	than	required.	Therefore,	administer	40	mg	(1,600	units/hr	×	2.5	hr
=	 4,000	 units;	 4,000	 units/100	 units	 =	 mg	 of	 protamine	 to	 administer)	 of
protamine	 intravenous,	no	 faster	 than	5	mg/min,	 to	help	minimize	hypotension
or	bradycardia.9

CASE	2
KL	is	a	55-year-old	man	(80	kg,	5′10″)	admitted	to	Hospital	Z	with	a	swollen	left
calf,	 which	 has	 gradually	 increased	 and	 is	 affecting	 the	 entire	 left	 leg	 to	 the
groin.	Now	admitted,	he	is	complaining	of	new	onset	right-sided	pleuritic	chest
pain	 with	 SOB	 and	 no	 hemoptysis.	 His	 chest	 X-ray	 and	 VQ	 scan	 are	 highly
suggestive	 of	 a	 PE.	 A	 pulmonary	 angiography	 is	 performed	 and	 a	 PE	 is
diagnosed.	Initial	relevant	labs	include	SCr	=	2.5,	INR	=	1,	PT	=	12.8	s,	aPTT
=	 27	 s,	 and	 platelet	 count	 is	 250,000/mm3.	 It	 was	 difficult	 to	 obtain	 baseline
labs,	and	IV	access	is	difficult	to	maintain	in	this	patient.	Which	anticoagulant	is
recommended	for	KL	and	at	what	dose	and	route?

Answer:
Based	on	KL’s	SCr	of	2.5,	UFH	is	 the	best	anticoagulant.	Because	intravenous



access	 is	 difficult	 to	 obtain,	 it	 is	 recommended	 to	 administer	 UFH
subcutaneously	 via	 one	 of	 two	 options:	 (1)	 an	 initial	 IV	 bolus	 of	 5,000	 units
followed	 by	 250	 units/kg	 SC	 twice	 daily19;	 or	 (2)	 an	 initial	 SC	 dose	 of	 333
units/kg	followed	by	250	units/kg	SC	twice	daily	thereafter.20

If	you	choose	option	1,	then	administer	initial	bolus	of	5,000	units,	followed
by	 20,000	 units	 (250	 units/kg	 ×	 80	 kg)	 twice	 daily;	 or	 using	 option	 2,	 then
administer	 initial	bolus	of	26,500	units	(333	units/kg	×	80	kg,	round	to	nearest
500	 units),	 followed	 by	 20,000	 units	 (250	 units/kg	 ×	 80	 kg)	 twice	 daily,	with
serum	aPTT	levels	drawn	every	6	hours.

QUESTION

After	 being	 on	 therapeutic	 subcutaneous	 UFH	 for	 the	 last	 4	 days,	 KL’s	 CBC
reveals	a	platelet	count	of	100,000/mm3	(baseline	of	250,000/mm3).	What	do	you
think	is	the	cause	of	KL’s	platelet	count	drop,	and	what	do	you	recommend?

Answer:
Immune-mediated	 HIT	 is	 a	 disorder	 that	 typically	 occurs	 4–10	 days	 after
exposure	 to	 heparin,	 and	 it	 has	 life-threatening	prothrombotic	 complications	 if
not	 quickly	 identified.29	HIT	 should	 be	 suspected	when	 a	 patient	 has	 a	 fall	 in
platelet	 count	while	 receiving	heparin—particularly	 if	 the	 fall	 is	more	 than	50
percent	of	the	baseline	count.	To	help	clinicians	with	determining	the	probability
that	a	patient	has	HIT,	the	4Ts	score	has	been	developed	and	the	most	studied.30-
32	 If	 the	4Ts	score	results	 in	 intermediate	or	high	probability	 for	HIT,	all	UFH
should	 be	 immediately	 discontinued,	 a	 Heparin	 PF4	 AB/HIT	 assay	 sent,	 and
anticoagulation	with	a	direct	thrombin	inhibitor	(e.g.,	Argatroban)	considered.

CASE	3:	DOSING	AND	ADMINISTRATION	OF	LMWH	FOR
DVT	PROPHYLAXIS
MH	 is	 a	 66-year-old	 woman	 admitted	 to	 the	 intensive	 care	 unit	 after	 her	 hip
replacement	surgery.	She	is	5′4″	and	weighs	59	kg.	Her	latest	laboratory	values
indicate	that	she	is	not	anemic	and	has	normal	kidney	function.	It	is	decided	to
initiate	DVT	prophylaxis	with	enoxaparin.	What	dose	should	be	initiated	in	MH?
How	should	enoxaparin	be	administered	to	MH?



Answer:
Two	dose	regimens	of	enoxaparin	are	approved	for	DVT	prophylaxis	in	patients
having	hip-replacement	surgery.	One	regimen	would	be	to	initiate	enoxaparin	30
mg	 subcutaneously	 every	 12	 hours	 beginning	 12–24	 hours	 after	 surgery,
providing	 that	 hemostasis	 has	 been	 established.40	 Alternatively,	 40	 mg
subcutaneously	 every	 24	 hours	 beginning	 12	 hours	 prior	 to	 surgery	 may	 be
considered.40	Because	 this	patient	 in	not	underweight/overweight	and	does	not
have	 renal	 impairment,	 no	 dose	 adjustments	 need	 to	 be	made	 at	 this	 time.	Of
note,	 dalteparin	 and	 tinzaparin	 also	 have	 approved	 dosing	 regimens	 for	 DVT
prophylaxis	in	patients	undergoing	hip	replacement	surgery.

Each	dose	of	enoxaparin	would	be	administered	as	a	subcutaneous	injection
while	in	the	supine	position	in	the	abdominal	area	or	the	upper,	outer	part	of	the
thigh.	It	is	recommended	to	alternate	injection	sites.

CASE	4:	DOSING	AND	ADJUSTMENT	OF	LMWH	FOR
ACUTE	DVT
AH	is	a	35-year-old	woman	who	presents	to	the	emergency	room	with	new	onset
left	calf	swelling.	She	is	5′3″	and	weighs	158	kg.	Venous	dopplers	are	performed,
and	a	blood	clot	is	confirmed	in	the	left	leg.	It	is	decided	to	initiate	therapeutic
anticoagulation	with	enoxaparin.	Her	latest	laboratory	values	indicate	that	she
is	not	anemic	and	has	normal	kidney	function.	What	dose	should	be	initiated	in
AH?

Answer:
The	enoxaparin	dose	 for	 the	 treatment	of	DVT	with	or	without	PE	 is	1	mg/kg
administered	 subcutaneously	 twice	 daily	 or	 1.5	mg/kg	 once	 daily.	Despite	 the
patient	having	a	BMI	>30	kg/m2,	total	body	weight	should	be	used	to	calculate
the	 patients	 dose.	 Therefore,	 the	 patient	 should	 receive	 enoxaparin	 160	 mg
subcutaneously	every	12	hours	if	using	the	twice	daily	dosing	regimen.

QUESTION

In	general	for	patients	<190	kg,	anti-Xa	monitoring	is	not	necessary;	however,
after	1	week	of	therapy	of	enoxaparin,	it	was	decided	to	obtain	an	anti-Xa	level.
The	 level	 comes	back	at	0.3	 IU/mL.	Would	you	make	any	adjustments	 to	AH’s



dose	at	this	time?

Answer:
First	it	is	important	to	determine	when	the	anti-Xa	level	was	drawn	in	relation	to
the	 last	 administered	 dose.	 Peak	 anti-Xa	 levels	 should	 be	 drawn	 4	 hours
following	 subcutaneous	 injection.8	 Target	 peak	 anti-Xa	 of	 0.6–1.0	 IU/mL	 (4
hours	 after	 subcutaneous	 injection)	 have	 been	 suggested	 for	 twice-daily
administration	 of	 enoxaparin.8	 No	 well-established	 guidelines	 indicate	 how	 to
adjust	 the	dose	of	enoxaparin	 to	achieve	 the	desired	concentration;	however,	 a
suggestion	of	a	25	percent	increase	in	dose	may	be	considered	with	repeat	anti-
Xa	monitoring.75

CASE	5:	DOSING	OF	LMWH	FOR	PE	IN	RENAL
DYSFUNCTION	WITHOUT	DIALYSIS
JJ	 is	a	66-year-old	man	presenting	 to	 the	emergency	department	with	pleuritic
chest	pain	and	shortness	of	breath.	A	pulmonary	angiography	is	performed	and
a	 PE	 is	 diagnosed.	 It	 is	 decided	 to	 initiate	 JJ	 on	 enoxaparin.	 He	 is	 5′9″	 and
weighs	115	kg.	His	 latest	 laboratory	values	 indicate	 that	he	 is	not	anemic,	but
has	 a	 serum	 creatinine	 of	 2.5	 mg/dL.	 JJ	 has	 chronic	 kidney	 disease	 with	 a
baseline	 serum	 creatinine	 of	 2.1–2.5	mg/dL.	What	 dose	 should	 be	 initiated	 in
MH?	How	would	enoxaparin	be	monitored	in	this	patient?

Answer:
Because	this	patient	has	an	elevated	serum	creatinine	with	known	chronic	kidney
disease,	 it	 is	 imperative	 to	 calculate	 the	 patient’s	 creatinine	 clearance.	 His
creatinine	clearance	is	estimated	to	be	<30	mL/min,	but	greater	than	20	mL/min,
then	 JJ’s	 calculated	 enoxaparin	 dose	 would	 be	 adjusted	 to	 120	 mg
subcutaneously	 daily	 (or	 1	 mg/kg	 subcutaneously	 daily).40	 Limited	 data	 are
available	 for	 treatment	 doses	 of	 dalteparin	 or	 tinzaparin	 in	 patients	 with	 a
creatinine	clearance	less	than	30	mL/min.41,42

Patients	with	renal	impairment	given	a	LMWH	require	careful	assessment	for
potential	bleeding	risks	and	observation	for	signs	and	symptoms	of	bleeding.	If	a
LMWH	 is	 initiated	 in	 a	 patient	 with	 renal	 impairment,	 along	 with	 dose
reductions,	antifactor	Xa	measurements	may	be	prudent	with	extended	use.
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CHAPTER 	8
Colistin	and	Polymyxin	B

LISA	M.	VOIGT,	PharmD,	BCPS
KIMBERLY	T.	ZAMMIT,	PharmD,	BCPS,	FASHP

Antimicrobial	 resistance	has	become	a	worldwide	health	care	crisis	with	many
pathogens	 showing	 limited	 or	 no	 susceptibility	 to	 currently	 available
antimicrobial	 treatments.	 Gram-negative	 infections	 are	 of	 even	 more	 concern
because	of	the	lack	of	currently	effective	treatments,	as	well	as	the	lack	of	new
antibiotics	 in	 development	 to	 treat	 these	 potentially	 lethal	 pathogens.	 It	 is
currently	 estimated	 that	 no	 new	 antibiotics	with	 activity	 against	multiresistant
gram-negative	bacteria	will	be	released	within	the	next	five	years,	emphasizing
the	 need	 for	 last-line	 options,	 such	 as	 colistin,	 in	 cases	 where	 pathogens	 are
resistant	 to	 all	 other	 antibiotics.	 In	 the	 last	 two	 decades,	 the	 paucity	 of	 novel
antibiotics	with	which	to	treat	drug-resistant	 infections,	especially	those	caused
by	 gram-negative	 pathogens,	 has	 led	 to	 their	 reconsideration	 as	 a	 therapeutic
option.1

Polymyxins	 are	 a	 group	 of	 polypeptide	 antibiotics	 that	 consists	 of	 five
chemically	 different	 compounds	 (polymyxins	 A–E)	 discovered	 in	 1947.	 Only
polymyxin	 B	 and	 polymyxin	 E	 (colistin)	 have	 been	 used	 in	 clinical	 practice.
They	 differ	 by	 a	 single	 amino	 acid	 change	 (D-phenylalanine	 in	 polymixin	 B
replaces	 D-leucine	 in	 colistin).	 Polymyxins	 have	 been	 used	 extensively
worldwide	in	topical	otic	and	ophthalmic	solutions	for	decades.2	The	mechanism
behind	 colistin’s	 bactericidal	 ability	 is	 considered	 to	 be	 identical	 to	 that	 of
polymyxin.1

Colistin	 was	 discovered	 in	 1949	 and	 was	 nonribosomally	 synthesized	 by
Bacillus	polymyxa	 subspecies	colistinus	Koyama.3-4	Colistin	was	 initially	 used
therapeutically	in	Japan	and	in	Europe	during	the	1950s	and	in	the	United	States
in	 the	 form	 of	 colistimethate	 sodium	 in	 1959.5	 However,	 the	 intravenous
formulations	 of	 colistin	 and	 polymyxin	 B	 were	 gradually	 abandoned	 in	 most



parts	of	 the	world	in	the	early	1980s	because	of	 the	reported	high	incidence	of
nephrotoxicity.6-8

This	chapter	review	focuses	on	colistin,	rather	than	polymyxin	B,	because	of
its	wider	use	in	current	clinical	practice.

MECHANISM	OF	ACTION

The	 initial	 target	 of	 the	 antimicrobial	 activity	 of	 polymyxins	 is	 the
lipopolysaccharide	 (LPS)	 component	 of	 the	 outer	membrane.	 The	 polymyxins
have	a	strong	positive	charge	and	a	hydrophobic	acyl	chain	that	give	them	a	high
binding	 affinity	 for	 LPS	 molecules.	 They	 interact	 electrostatically	 with	 these
molecules	and	competitively	displace	divalent	cations	(Mg2++	and	Ca2++)	 from
them,	 causing	 disruption	 of	 the	 membrane.	 The	 result	 of	 this	 process	 is	 an
increase	 in	 the	permeability	of	 the	cell	envelope,	 leakage	of	cell	contents,	and,
subsequently,	cell	death.	The	exact	mechanism	by	which	the	polymyxins	induce
bacterial	 killing	 is	 still	 unknown,	 and	 multiple	 bacterial	 cell	 targets	 may	 be
involved.	 Polymyxins	 also	 bind	 to	 the	 lipid	 A	 portion	 of	 LPS	 and,	 in	 animal
studies,	block	many	of	the	biological	effects	of	endotoxin.9

FORMULATIONS,	DOSAGE,	AND	ROUTE	OF
ADMINISTRATION

Colistin	 is	 composed	 of	 at	 least	 30	 different	 polymyxin	 compounds,	 mainly
colistin	A	 and	B.	 Two	 forms	 of	 colistin	 are	 available:	 colistin	 sulfate	 and	 the
commercially	available	parenteral	formulation	colistimethate	sodium	(CMS,	also
called	 sodium	 colistin	methanesulphonate,	 colistin	methanesulphonate,	 colistin
sulfomethate,	 or	 colistimethate).	 It	 is	 extremely	 important	 to	 note	 that	 the	 two
forms	 are	 not	 interchangeable.	 CMS	 is	 an	 inactive	 prodrug	 and	 in	 aqueous
solution,	CMS	undergoes	spontaneous	hydrolysis	to	the	active	form	colistin.10

As	a	prodrug,	CMS	 is	 readily	 hydrolyzed	 to	 form	partially	 sulfomethylated
derivatives,	 as	 well	 as	 colistin	 sulfate,	 the	 active	 form	 of	 the	 drug.	 This
hydrolysis	 of	 CMS	 to	 colistin	 is	 an	 important	 step	 in	 providing	 the	 drug’s
antimicrobial	activity.	Up	until	colistin	is	formed,	CMS	by	itself	has	been	shown
to	 display	 little	 to	 no	 antibacterial	 activity,	 and	 is	 therefore	 considered	 an



inactive	prodrug	of	colistin.11	CMS	is	eliminated	mainly	by	the	renal	route,	with
a	 fraction	 of	 the	 dose	 being	 converted	 to	 active	 colistin	 in	 vivo.	 Colistin
undergoes	 extensive	 renal	 tubular	 reabsorption	 and	 therefore	 is	mainly	 cleared
by	nonrenal	mechanisms.	CMS	is	administered	intravenously	or	intramuscularly,
because	it	is	less	toxic	than	colistin	sulfate.	The	intramuscular	injection,	which	is
rarely	used	 in	 clinical	 practice,	may	cause	 severe	 local	pain,	 and	 absorption	 is
variable.9	Solutions	of	 colistimethate	 sodium	 for	 IM	 injection,	 IV	 injection,	 or
continuous	IV	infusion	should	be	freshly	prepared	and	used	within	24	hours.9

Colistin	 sulfate	 is	 administered	 either	 orally	 (for	 bowel	 decontamination,
without	absorption)	or	 topically	 (for	 the	 treatment	of	bacterial	 skin	 infections).
Both	colistimethate	sodium	and	colistin	can	be	given	via	inhalation,	but	colistin
may	 result	 in	 a	 higher	 frequency	 of	 bronchoconstriction	 than	 colistimethate
sodium.	 Colistimethate	 sodium	 can	 also	 be	 administered	 by	 the	 intrathecal	 or
intraventricular	routes.9

LACK	OF	A	UNIVERSAL	DOSAGE	UNIT	FOR
COLISTIN

Coly-Mycin	M	Parenteral,	which	is	manufactured	and	used	in	the	United	States,
contains	150	mg	of	colistin	base	activity	(CBA)	per	vial,	equivalent	to	400	mg	of
colistimethate	 sodium	 per	 vial	 and	 to	 5	 ×	 106	 international	 units	 (IU)	 of
colistimethate	sodium.	Colomycin	injection,	which	is	manufactured	and	used	in
Europe,	is	provided	in	vials	containing	5	×	106	or	2	×	106	 IU	of	colistimethate
sodium.	An	IU	is	defined	as	the	minimal	concentration	that	inhibits	the	growth
of	Escherichia	coli	95	I.S.M	in	1	mL	broth	at	pH	7.2	and	106	IU	is	considered	to
be	equivalent	to	80	mg	of	colistimethate	sodium.9

The	 complexity	 of	 the	 nomenclature	 used	 to	 define	 colistin	 dosing	 has
resulted	in	much	confusion,	increasing	the	potential	for	drug	errors.	The	need	for
utilization	of	a	uniform	dosing	unit	 to	avoid	such	confusion	 is	obvious.12,13	 In
June	 2011,	 a	 National	 Alert	 for	 Serious	Medication	 Errors	 was	 issued	 by	 the
American	 Society	 of	Health-System	 Pharmacists	 (ASHP)	 and	 the	 Institute	 for
Safe	 Medication	 Practices	 (ISMP),	 warning	 that	 potentially	 fatal	 errors	 may
occur	with	dosing	for	colistimethate	for	injection.13	Particular	attention	must	be
paid	to	the	dosing	units	used	in	various	drug	information	sources	and	scientific
literature	to	avoid	utilization	of	incorrect	doses.



ASHP/ISMP	Recommendations	for	Safe	CMS	Use13

•			In	the	United	States,	colistimethate	for	injection	must	ONLY	be	prescribed
as	colistin	in	terms	of	base	activity	with	dose	range	of	2.5–5	mg/kg/day	in
patients	with	normal	renal	function.	As	per	package	insert,	use	ideal	body
weight	for	obese	patients.	This	total	daily	dose	should	be	given	in	2	to	4
divided	doses.

•			Dosage	reduction	in	the	setting	of	renal	insufficiency	is	recommended	(see
product	labeling	for	suggested	modification	of	dosage	schedules).

•			If	the	drug	is	ordered	as	“colistimethate”	or	“colistimethate	sodium,”	the
prescriber	should	be	contacted	to	verify	the	dose	in	terms	of	colistin	base.

•			Consider	restricting	ordering	to	infectious	disease	specialists	or
intensivists.

•			To	prevent	errors,	preapproved	printed	guidelines	or	computer	order	sets
should	be	made	available	with	dosing	only	as	colistin	base.	Include
adjustments	for	renal	dysfunction.

•			Dose	limits	should	be	established	with	immediate	investigation	required
for	doses	outside	hospital	guidelines.	Guidelines	should	define	any
circumstances	where	dosing	outside	the	2.5–5	mg/kg/day	range	may	be
appropriate.	Testing	of	CPOE	and	pharmacy	computer	systems	should	be
accomplished	to	assure	proper	function	of	alerts.

•			Monitoring	of	renal	function	while	receiving	colistin	is	important	to	detect
signs	of	renal	toxicity	associated	with	colistin,	and	the	appropriateness	of
dosage	should	be	reevaluated	periodically	while	on	treatment.

The	 ASHP/ISMP	 recommendation	 for	 dosing	 unit	 convention	 will	 be
followed	 in	 this	 chapter	 (see	 Table	 8-1).	 Unless	 otherwise	 specified	 all	 dose
recommendations	are	made	in	milligrams	of	colistin	base	activity	(CBA).

TABLE	8-
1 Comparison	of	Colistimethate	Sodium	Products



30	mg	colistin	base	=	80	mg	CMS	=	1	MIU	(European	international	units)
1	mg	colistin	base	=	2.67	mg	CMS	=	33,333	IU;	1	mg	CMS	=	12,500	IU
Source:	Adapted	from	van	Duin	D,	Kaye	KS,	Neuner	EA.	Carbapenem-resistant	Enterobacteriaceae:	A
review	of	treatment	and	outcomes.	Diagn	Microbiol	Infect	Dis.	2013;75(2):115–120.

NEPHROTOXICITY

One	 of	 the	 commonly	 observed	 adverse	 effects	 following	 intravenous
administration	 of	 colistimethate	 sodium	 is	 nephrotoxicity,	 with	 incidences
reported	 to	 be	 as	 high	 as	 55	 percent	 in	 the	 following	 studies.	 In	 studies
comparing	 treatment	 with	 colistimethate	 sodium	 with	 or	 without	 other
antibiotics	 versus	 other	 antibiotic	 regimens,	 nephrotoxicity	 was	 significantly
higher	with	colistimethate	sodium	(or	polymyxin	B)	in	six	studies,	similar	to	that
with	comparators	in	five	(two	of	which	claimed	no	events),	and	lower	in	two	that
may	actually	be	less	nephrotoxic	than	aminoglycosides.	Rates	of	nephrotoxicity
in	recent	studies	designed	to	assess	this	outcome	have	ranged	from	6	percent	to
14	percent	in	some20-24	and	from	32	percent	to	55	percent	in	others.25-30

The	wide	 range	 of	 nephrotoxicity	 rates	 can	 be	 at	 least	 partly	 explained	 by
different	definitions	of	renal	failure.	Some	studies	used	any	of	the	RIFLE	criteria
(risk,	 injury,	 failure,	 loss,	 and	 end-stage	 kidney	 disease).31	 Some	 used	 the
threshold	of	 failure	 or	 above,	 and	others	 defined	 renal	 failure	 as	 creatinine	>2
mg/dL.	Risk	factors	for	nephrotoxicity	found	in	different	studies	included	older
age,26,29	preexisting	renal	insufficiency,32	hypoalbuminaemia,27	and	concomitant
use	of	nonsteroidal	anti-inflammatory	drugs27	or	vancomycin.29	Higher	dosing	is
associated	with	renal	failure,	with	some	studies	identifying	the	total	cumulative
dose	 as	 predictive	 of	 renal	 failure,3,24,25	 and	 others	 the	 daily	 dose.26,29-30	 The



time	 to	 nephrotoxicity	was	 not	 reported	 in	most	 studies.	 Four	 studies	 reported
that	 most	 cases	 occurred	 within	 the	 first	 week	 of	 treatment.26,28-30	 Studies
monitoring	patients	for	1–3	months	after	treatment	demonstrated	reversibility	of
renal	 failure	 in	 at	 least	 88	 percent	 of	 patients.21,25,27	 Overall,	 rates	 of
nephrotoxicity	 are	 probably	 lower	 today	 than	 those	 observed	 in	 old	 studies.3
Explanations	 for	 the	 lower	 toxicity	 include	 fewer	 chemical	 impurities	 in
colistimethate	 sodium,	 better	 intensive	 care	 unit	 (ICU)	 monitoring,	 and
avoidance	 of	 coadministration	 of	 other	 nephrotoxic	 drugs.33,34	 Recent
observations	have	suggested	that,	at	 least	 in	CF	patients,	colistimethate	sodium
may	actually	be	less	nephrotoxic	than	aminoglycosides.35

NEUROTOXICITY

Neurotoxicity	 is	 less	 common	 than	 nephrotoxicity.	 Clinical	 manifestations
include	 dizziness,	 muscle	 weakness,	 paresthesias,	 partial	 deafness,	 visual
disturbances,	 vertigo,	 confusion,	 hallucinations,	 seizures,	 ataxia,	 and
neuromuscular	 blockade.	 Paresthesias	 constitute	 the	 most	 common	 clinical
manifestation,	being	reported	in	approximately	27	percent	of	cases	with	the	use
of	 intravenous	 colistimethate	 sodium.	Neurotoxic	 effects	 are	 usually	mild	 and
resolve	 after	 prompt	 discontinuation	 of	 the	 antibiotic.34	 Apnea	 and	 respiratory
failure,	 which	 are	 feared	 complications	 of	 neuromuscular	 blockade,	 have	 not
been	reported	with	intravenous	colistimethate	sodium	in	the	recent	literature.34

RESPIRATORY	EFFECTS

Bronchoconstriction15-19	and	hypersensitivity	pneumonitis36	have	been	reported
in	adult	and	pediatric	cystic	fibrosis	patients	who	received	oral	nebulized	CMS.
Bronchoconstriction	 occurs	 almost	 immediately	 after	 initiation	 of	 nebulization
and	may	persist	 for	more	than	30	minutes.16	Administration	of	bronchodilators
prior	 to	 colistin	 nebulization	 may	 reduce	 the	 potential	 for	 development	 of
bronchoconstriction.15-19	 Pre-	 and	 posttreatment	 pulmonary	 function	 tests	may
have	 clinical	 utility	 to	 identify	 individuals	 at	 risk	 for	 bronchoconstriction.16	 In
those	individuals	who	are	unable	to	perform	pulmonary	function	tests	(especially
young	children),	bronchodilator	premedication	is	recommended.19	It	should	also



be	noted	that	in	critically	ill	patients	without	CF,	these	adverse	events	have	not
yet	been	demonstrated.37-45

Both	CMS	and	colistin	can	be	given	via	inhalation,	but	colistin	may	result	in
a	higher	frequency	of	pulmonary	adverse	effects	 than	colistimethate	sodium.	A
component	 of	 colistin	 (polymyxin	 E1)	 has	 been	 shown	 to	 cause	 pulmonary
inflammatory	reactions	 in	animals	and	may	contribute	 to	 such	 local	 toxicity	 in
humans.	 Given	 the	 fact	 that	 colistmethate	 sodium	 is	 hydrolyzed	 to	 colistin	 in
aqueous	 solutions	 and	 potentially	 serious	 pulmonary	 toxicity,	 including	 fatal
respiratory	 failure,	 has	 been	 associated	 with	 the	 administration	 of	 premixed
product,	 inhalation	 solutions	 should	 be	 prepared	 immediately	 prior	 to
administration.15	 The	 Food	 and	 Drug	 Administration	 and	 the	 Cystic	 Fibrosis
Foundation	 underscored	 the	 importance	 of	 this	 practice	 by	 issuing	 an	 alert
recommending	 that	 patients	 not	 use	 colistimethate	 for	 inhalation	 premixed	 by
pharmacies	 and	 that	 patients	 should	 prepare	 their	 colistimethate	 nebulizer
inhalation	solutions	immediately	prior	to	use.15

SPECTRUM	OF	ACTIVITY	AND	RESISTANCE

Colistin	 is	 bactericidal	 against	most	 strains	 of	 gram-negative	 bacilli,	 including
Enterobacter	 aerogenes,	 Escherichia	 coli,	 Haemophilus	 influenza,	 Bordetella
pertussis,	 Legionella	 pneumophilia,	 Salmonella	 species,	 Shigella	 species,
Pasteurella	 species,	 Klebsiella	 pneumonia,	 Pseudomonas	 aeruginosa,	 and
Stenotrophomonas	maltophilia.	However,	some	bacteria	are	resistant	to	colistin,
including	 the	 gram-negative	 organisms	 of	 Proteus	 species,	 Burkholderia
cepacia,	Providencia	 species,	Serratia	marcescens,	Moraxella	 catarrhalis,	 and
Morganella	morganii.	 Gram-positive	 bacteria,	 fungi,	 and	 gram-negative	 cocci
(Neisseria	 gonorrhoeae	 and	Neisseria	meningitides)	 are	 inherently	 resistant	 to
colistin.46-48

P.	aeruginosa	and	A.	baumannii	susceptibility	are	defined	as	MICs	of	≤4	and
≤2	mg/L	colistin	sulfate,	respectively,	according	to	the	European	Committee	on
Antimicrobial	 Susceptibility	 Testing,49	 and	 as	 an	 MIC	 of	 ≤2	 mg/L	 for	 both
bacteria	according	to	the	Clinical	and	Laboratory	Standards	Institute	(CLSI).50

Isolates	with	intrinsic	resistance	to	polymixins	have	alterations	in	lipid	A	that
account	 for	 reduced	 binding.47	 But	 acquired	 resistance	 to	 colistin	 has	 been
historically	deemed	to	be	infrequent,	although	this	may	simply	be	a	function	of
the	drug’s	relatively	limited	use.	Emergence	of	resistance	has	been	increasingly



reported	and	it	is	likely	mediated	by	alteration	in	the	negatively	charged	bacterial
cell	 membrane,	 although	 additional	 mechanisms	 may	 also	 be	 involved.
Inadequate	dosing	may	also	be	a	factor	in	the	development	of	resistance	due	to
preferential	growth	within	heteroresistant	subpopulations.	As	such,	optimization
of	dosing	is	necessary	to	achieve	desired	therapeutic	outcomes.51,52

DRUG	INTERACTIONS53

Colistimethate	may	increase	the	levels/effects	of	neuromuscular-blocking	agents.
Case	 reports	 have	 described	 potentiation	 of	 neuromuscular	 blockade	 of
pancuronium	when	concomitantly	given	polymyxin	B.	Antagonizing	 the	block
was	 not	 successful	 with	 pyridostigmine	 or	 calcium	 chloride.54	 Neuromuscular
blockade	 from	 Polymyxin	 B	 alone	 has	 been	 reported	 in	 both	 medical	 and
surgical	patients	not	receiving	anesthetic	or	other	neuromuscular	blocking	drugs.
It	also	potentiates	d-tubocurarine-	and	succinylcholine-induced	blockades.55	The
levels/effects	 of	 colistimethate	 may	 be	 increased	 by	 aminoglycosides,
amphotericin	B,	and	vancomycin.	Concomitant	use	with	BCG	(M.	tuberculosis
vaccine)	should	be	avoided.

PHARMACOKINETICS

The	 pharmacokinetics	 of	 colistimethate	 sodium	 and	 colistin	 are	 complex	 and
incompletely	characterized.	The	antimicrobial	activity	of	colistimethate	requires
conversion	 to	 colistin,	 and	 thus	 its	 rate	 of	 conversion	 impacts	 peak
concentrations.11	 The	 overall	 disposition	 of	 colistin	 is	 rate	 limited	 by	 the
elimination	 of	 the	 parent	 compound,	 because	 the	 colistin	 has	 a	 substantially
longer	 terminal	 half-life	 than	 CMS.51	 Complete	 understanding	 of	 the
pharmacokinetics	of	 colistimethate	 sodium	and	colistin	 continues	 to	 evolve,	 as
studies	using	HPLC	and	not	 immunoassays	allow	better	characterization	of	 the
disposition	 of	 each	 drug.	 It	 is	 important	 to	 note	 that	 the	 pharmacokinetic	 and
prescribing	 information	 supplied	 with	 currently	 available	 parenteral	 products
was	obtained	using	microbiological	assays.51

Palchouras	 and	 colleagues60	 conducted	 a	 pharmacokinetic	 study	 of	 18
critically	 ill	patients	administered	CMS	3	million	units	(240	mg	CMS)	every	8



hours,	with	a	reduction	to	160	mg	q8h	for	those	whose	creatinine	clearance	was
less	 than	 50	 mL/min.	 Plasma	 samples	 for	 drug	 concentration	 analysis	 were
obtained	with	the	first	and	fourth	dose.	A	nonlinear	mixed-effects	model	analysis
was	 performed	 in	 which	 all	 concentration-time	 data	 were	 modeled
simultaneously.	The	predicted	maximum	concentrations	of	drug	in	plasma	were
0.60	mg/liter	and	2.3	mg/liter	for	the	first	dose	and	at	steady	state,	respectively.
Colistin	displayed	a	half-life	that	was	significantly	long	in	relation	to	the	dosing
interval	(14.6	hours).	This	study	suggests	 that	administration	of	a	 loading	dose
may	be	more	beneficial	in	critically	ill	patients	as	plasma	colistin	concentrations
are	insufficient	before	steady	state.

A	 subsequent	 study57	 evaluated	 the	 disposition	 of	 the	 prodrug,	 CMS,	 and
formed	 colistin	 in	 105	 critically	 ill	 patients,	 including	 12	 on	 intermittent
hemodialysis	 and	 4	 on	 continuous	 renal	 replacement	 therapy.	 Of	 the	 105
patients,	 69	 had	 creatinine	 clearances	 of	 less	 than	 40	 mL/min/1.73	 m2.	 This
study	 demonstrated	 important	 information	 concerning	 the	 disposition	 of	 CMS
and	 colistin.	 First,	 it	 revealed	 the	 significant	 role	 of	 renal	 function	 as	 a
determinant	 of	 the	 plasma	 concentrations	 of	 the	 active	 antibacterial,	 formed
colistin.	 Second,	 it	 is	 apparent	 that	 in	 patients	 with	 moderate-to-good	 renal
function,	 utilization	 of	 a	 daily	 dose	 of	 CBA	 at	 the	 high	 end	 of	 manufacturer
recommended	doses	 (300	mg	CBA	per	day)53	was	not	able	 to	generate	plasma
colistin	concentrations	that	would	be	expected	to	be	reliably	efficacious.

It	 is	 also	 important	 to	 note	 that	 the	 disposition	 of	 the	 active	 component
colistin	is	remarkably	flat	for	>14	hours,	which	may	limit	the	optimization	of	the
dose	 without	 unacceptable	 toxicity.	 Therefore,	 based	 on	 our	 current
understanding	of	colistin	PK	and	pharmacodynamic	 relationships,	 colistin	may
best	be	used	as	part	of	a	highly	active	combination,	especially	for	patients	with
moderate-to-good	 renal	 function	 and/or	 for	 organisms	 with	 MICs	 of	 ≥1.0
mg/L.57

DISTRIBUTION
Following	 IM	 or	 IV	 administration	 of	 colistimethate	 sodium,	 it	 is	 widely
distributed	into	body	tissues,	but	only	negligible	concentrations	of	antimicrobial
activity	 are	 attained	 in	 synovial,	 pleural,	 or	 pericardial	 fluids.	 Animal	 studies
indicate	that	colistin	reversibly	binds	to	and	persists	in	body	tissues	such	as	the
liver,	kidneys,	lung,	heart,	and	muscle.61

In	 cystic	 fibrosis,	 patients	 14–53	 years	 of	 age	 receiving	 IV	 colistimethate
sodium	 in	 a	 dosage	 of	 5–7	mg/kg	 of	 colistin	 daily	 given	 in	 3	 equally	 divided



doses,	the	volume	of	distribution	at	steady	state	was	0.09	L/kg.5

Colistin	 is	 approximately	 50	 percent	 bound	 to	 serum	 proteins,	 especially
alpha	1	 acid	glycoprotein.	This	 binding	may	be	higher	 in	 critically	 ill	 patients
due	to	a	greater	production	of	this	protein	during	acute	illness.

Only	 minimal	 concentrations	 of	 antimicrobial	 activity	 are	 attained	 in	 CSF
following	 IM	 or	 IV	 administration	 of	 colistimethate	 sodium	 in	 patients	 with
normal	or	inflamed	meninges.61

Colistin	crosses	the	placenta	and	is	distributed	into	milk.61

ELIMINATION
Approximately	 60	 percent	 of	 CMS	 is	 cleared	 renally	 with	 a	 component	 of
tubular	 secretion,63	 whereas	 for	 colistin	 less	 than	 1	 percent	 of	 the	 dose	 is
excreted	in	urine,	likely	due	to	extensive	renal	tubular	reabsorption.64	The	low	in
vivo	conversion	of	CMS	to	colistin	occurs	because	CMS	is	cleared	more	quickly
than	colistin	can	be	 formed.63	As	 a	 result,	 the	overall	 disposition	of	CMS	and
formed	colistin	is	complex.

In	 adults	 with	 normal	 renal	 function,	 the	 plasma	 half-life	 of	 antimicrobial
activity	 following	 IM	 or	 IV	 administration	 of	 colistimethate	 sodium	 is	 1.5–8
hours,	 while	 in	 children	 the	 decline	 in	 serum	 concentrations	 of	 antimicrobial
activity	occurs	more	rapidly.

Patients	with	renal	dysfunction	demonstrate	higher	serum	concentrations	and
prolonged	half-lives.	In	patients	with	creatinine	clearances	less	than	20	mL/min,
the	 half-life	 of	 colistin	 ranges	 from	 10–20	 hours.	 Following	 administration	 of
colistimethate	sodium	in	a	few	anuric	patients,	half-life	of	antimicrobial	activity
reportedly	ranged	up	to	2–3	days.

The	mean	plasma	half-life	in	cystic	fibrosis	patients	14–53	years	of	age	who
received	 IV	 colistimethate	 sodium	 in	 a	 dosage	 of	 5–7	mg/kg	 of	 colistin	 daily
given	in	3	equally	divided	doses	was	3.4	hours	after	the	first	dose	and	3.5	hours
at	steady	state.5

With	 a	 dosage	 of	 66.66	 mg	 of	 colistin	 (2	 million	 international	 units)	 the
plasma	 half-life	 following	 oral	 inhalation	 via	 nebulization	 of	 colistimethate
sodium	in	cystic	fibrosis	patients	12–48	years	of	age	was	4.1–4.5	hours.62

Urine	 antimicrobial	 activity	 is	 generally	 higher	 than	 seen	 in	 the	 serum.
Following	 IM	 or	 IV	 administration	 of	 a	 single	 150	 mg	 dose	 of	 colistin	 as
colistimethate	 sodium	 in	 patients	 with	 normal	 renal	 function,	 antimicrobial
concentrations	in	urine	are	200–270	mcg/mL	at	2	hours	after	the	dose	and	15–25



mcg/mL	at	8	hours	after	the	dose.61

PHARMACODYNAMICS

Colistin	 is	 rapidly	 bactericidal	 in	 a	 concentration-dependent	 manner	 against
susceptible	 strains	 of	 P.	 aeruginosa,	 A.	 baumannii,	 and	 K.	 pneumoniae,
including	multi-drug	resistant	(MDR)	strains.58,65,67	Colistin	concentrations	near
or	 above	 the	 bacteria’s	 MIC	 result	 in	 extremely	 rapid	 killing.58,65,67	 The
pharmacodynamic	 parameter	 most	 closely	 associated	 with	 efficacy	 is	 the
fAUC/MIC	 (area	 under	 the	 plasma-concentration	 time	 curve/minimum
inhibitory	concentration)67,68	 and	degree	of	bactericidal	 activity	 is	greater	with
low	versus	high	 inoculums.69	 Frequency	of	 dosing	 is	 also	 an	 important	 factor,
because	bacterial	growth	recovery	occurs	early.58	Indeed,	a	dosing	regimen	with
8-hour	 frequency	 demonstrated	 a	 lower	 likelihood	 of	 the	 emergence	 of
resistance.66	 Aggressive	 colistin	 regimens	 have	 been	 suggested	 in	 vitro	 to
overcome	 the	 potential	 for	 resistance.	 Regrowth58	 has	 been	 reported	 in	 static
time-kill	 studies	 utilizing	 colistin	 concentrations	 up	 to	 64×	MIC.	 The	 role	 of
colistin	 may	 ultimately	 be	 a	 part	 of	 a	 highly	 active	 combination	 regimen.51
Studies	 have	 demonstrated	 synergy	 with	 the	 combination	 of	 colistin	 and
cefepime,	 carbapenems,	 or	 rifampicin	 and	 have	 also	 noted	 suppression	 of
resistance.51

DOSING

PACKAGE	INSERT
The	doses	of	CMS	used	for	systemic	infections	in	adults	range	widely,	from	240
to	720	mg	daily	(i.e.,	3–9	×	106	IU/day),	 in	two	to	four	divided	doses,9	yet	the
optimal	dose	of	colistin	is	currently	unknown.51	This	issue	is	due	in	part	to	the
differences	in	dosing	units	as	well	as	a	lack	of	systematic	investigation.	Table	8-
2	describes	dosing	as	recommended	in	the	current	package	insert.53	As	more	of
the	 true	 disposition	 of	 colistimethate	 sodium	 and	 colistin	 continues	 to	 unfold,
optimal	 colistin	 dosing	 may	 be	 better	 ascertained	 from	 the	 primary	 literature
rather	than	the	manufacturer	recommendations.



TABLE	8-
253

Package	Insert	Dosage	Recommendations	in	Terms	of	Colistin
Base	Activity	(CBA)a

•			Intermittent	Hemodialysis
For	patients	who	have	complete	hemodialysis	sessions	three	times	per	week,	administer	CMS	after
hemodialysis	on	dialysis	days:	1.5	mg/kg	every	24–48	hours.

•			Continuous	Renal	Replacement	Therapy	(CRRT)
General	recommendations	based	on	dialysate	flow	rate	of	1–2	L/hour	and	minimal	residual	renal
function:	CVVH/CVVHD/CVVHDF:	2.5	mg/kg	every	24–48	hours	(frequency	dependent	on	site	or
severity	of	infection	or	susceptibility	of	pathogen).

•			Direct	Intermittent	Administration
Slowly	inject	one-half	of	the	total	daily	dose	over	a	period	of	3–5	minutes	every	12	hours.

•			Continuous	Infusion
Slowly	inject	one-half	of	the	total	daily	dose	over	3–5	minutes.	Add	the	remaining	half	of	the	total	daily
dose	of	colistimethate	for	injection,	USP,	to	one	of	the	following:	Administer	the	second	half	of	the	total
daily	dose	by	slow	intravenous	infusion,	starting	1–2	hours	after	the	initial	dose,	over	the	next	22–23
hours.	In	the	presence	of	impaired	renal	function,	reduce	the	infusion	rate	depending	on	the	degree	of
renal	impairment.

aIn	obese	individuals,	dosage	should	be	based	on	ideal	body	weight.



CRITICALLY	ILL
The	 dose	 required	 to	 provide	 therapeutic	 concentrations	 of	 colistin	 may	 be
significantly	 different	 than	 package	 insert	 labeling.	 Table	 8–3	 outlines	 dosing
recommendations	based	on	the	pharmacokinetics	in	critically	ill	patients.57	It	has
been	reported	that	CMS	and	its	active	metabolite	colistin	in	critically	ill	patients
are	 removed	by	CVVHDF.	Unfortunately,	colistin	 is	notorious	for	 its	ability	 to
be	adsorbed	to	many	different	materials	including	hemodialysis	filters.	Based	on
PK	studies,	colistin	has	been	shown	to	be	eliminated	by	CRRT	and	doses	may
need	to	be	adjusted	upward.59

TABLE	8-
3

Estimating	colistin	loading	and	maintenance	doses.57	All	doses
expressed	as	colistin	base	activity	(CBA).





CENTRAL	NERVOUS	SYSTEM
Multidrug-resistant	 CNS	 infections	 with	 A.	 baumannii	 is	 increasingly	 more
common	due	to	few	if	any	therapeutic	choices.70,71	CNS	penetration	of	colistin
is	 poor70-72	 and	 literature	 supporting	 its	 direct	 CNS	 administration	 involves
single	case	 reports	and	case	 series.70,71	Although	no	comparative	 efficacy	data
are	 available,	 in	 a	 comprehensive	 review	 of	 the	 published	 literature	 (which
included	 both	 colistin	 and	 polymixin	 B),71	 overall	 clinical	 cure	 rates	 with	 or
without	 systemic	 therapy	 ranged	 between	 80–91	 percent.	 In	 addition,	 therapy
was	 generally	 well	 tolerated,	 with	 a	 dose-dependent,	 reversible	 meningeal
irritation	occurring	in	20	percent	of	patients.

A	recently	published	pharmacokinetic	study	evaluated	nine	patients	(aged	18
to	73	years)	treated	with	intraventricular	CMS	(daily	doses	of	2.61–10.44	mg).72
Colistin	concentrations	were	measured	using	a	selective	high-performance	liquid
chromatography	(HPLC)	assay.	When	CMS	was	administered	at	doses	of	>5.22
mg/day,	measured	CSF	concentrations	of	 colistin	were	 continuously	 above	 the
MIC	of	2	mcg/mL,	and	measured	values	of	trough	concentration	ranged	from	2.0
to	9.7	mcg/mL.	Microbiological	cure	was	observed	in	eight	of	nine	patients.	The
authors	concluded	that	daily	doses	of	CMS	>5.22	mg	were	appropriate	but	given
the	variability	in	external	CSF	efflux	the	daily	dose	of	10	mg	suggested	by	the
Infectious	Diseases	Society	of	America73	may	be	more	prudent.

CYSTIC	FIBROSIS

The	 Cystic	 Fibrosis	 Foundation	 (CFF)	 guidelines	 for	 treatment	 of	 acute
pulmonary	exacerbations	(APE)	recommend	utilization	of	two	intravenous	(IV)
antipseudomonal	 antibiotics,	 with	 different	 mechanisms	 of	 action	 to	 improve
antibacterial	 activity	 and	 reduce	 resistance.74	 Despite	 the	 emergence	 of
multidrug-resistant	 pseudomonas	 complicating	 the	 treatment	 of	 APE	 the
guideline	 does	 not	 address	 optimal	 dosing	 of	 antibiotics	 or	 the	 utilization	 of
CMS.74

Three	CMS	efficacy	 studies	have	been	published	 in	CF	patients,75-77	which
demonstrated	good	clinical	outcomes	with	minimal	toxicity	utilizing	a	dose	of	8
mg/kg/day	 (CBA	dose	=	3	mg/kg/day)	divided	every	8	hours	 (maximum	daily
CMS	dose	of	480	mg)	for	12–14	days.	Combination	therapy	was	utilized	for	the
majority	 of	 patients.	 In	 the	 one	 trial	 that	 did	 compare	 colistin	 alone	 to
combination	 therapy,75	 both	 treatment	 groups	 experienced	 significant



improvements	in	FEV1	and	clinical	score	(P	<0.05)	but	only	those	patients	who
received	combination	therapy	had	significant	improvements	in	FVC,	WBC,	and
weight	 (P	 <0.01).	 An	 additional	 study,78	 using	 the	 aforementioned	 dose,
evaluated	 the	 development	 of	 renal	 impairment	 in	 combination	 with
aminoglycosides	or	a	beta-lactam.	Results	showed	a	strong	correlation	between
aminoglycoside	 use	 and	 poor	 renal	 function,	 which	 was	 potentiated	 by
concurrent	utilization	of	 colistin.	When	colistin	was	coadministered	with	other
antibiotics,	however,	 it	did	not	show	significant	nephrotoxicity.	Taken	together,
recent	literature	supports	the	use	of	a	lower	dose	of	CMS:	8	mg/kg/day	divided
every	8	hours	(maximum	daily	CMS	dose	of	480	mg	=	3	mg/kg/day,	or	180	mg
colistin	base	activity).

It	should	be	noted	this	dose	is	lower	than	that	recommended	by	the	1994	CFF
Microbiology	 and	 Infectious	 Disease	 in	 CF	 Consensus	 Conference:	 2.5–5
mg/kg/day	(CMS	6.67–13.3	mg/kg/day)	divided	every	8	hours,79	and	the	UK	CF
Trust	 Antibiotic	 Working	 Group:	 1–2	 million	 units	 (MU)	 (CMS	 80–160	 mg)
every	8	hours	of	IV	colomycin.80

Clinical	Pearls
•			Until	such	time	that	its	role	is	fully	delineated	(i.e.,	combination	therapy),
use	should	be	reserved	for	patients	with	MDR	pathogens	such	as	P.
aeruginosa	and	A.	baumannii.	As	such,	particular	attention	should	be	paid
to	appropriate	dosing	to	prevent	the	emergence	of	resistant	organism
during	treatment.

•			Currently	no	convention	exists	with	regard	to	a	standard	dosage	unit	for
colistin/CMS.	Drug	references	and	literature	provide	dosing	based	on
either	colistin	base	activity	(package	insert	recommendations)	or	CMS	or
international	units.	Close	attention	MUST	be	paid	to	which	unit	is	used	to
prevent	serious	medication	errors.

•			Proper	dosing	for	renal	function	and	close	monitoring	should	minimize	the
development	of	adverse	effects.	If	nephrotoxicity	does	develop,	it	is
generally	reversible.	Strategies	to	minimize	risk	of	nephrotoxcity	include
avoidance	of	concomitant	nephrotoxins	and	close	monitoring	of	renal
function.	In	CF	patients,	colistin	may	have	a	lower	risk	of	nephrotoxicity
than	aminoglycosides.

•			Neurotoxicity	is	less	common	but	may	be	more	difficult	to	detect	in	ICU
patients.	Close	monitoring	is	recommended	here	as	well.

•			Older	literature	used	methods	of	drug	detection	that	did	not	distinguish



between	CMS	and	colistin.	Only	studies	that	determine	plasma
concentrations	with	non	immune	assays	(i.e.,	HPLC)	can	appropriately
characterize	the	time	course	of	CMS	and	colistin.

•			Colistin	exhibits	limited	postantibiotic	effect	and	rapid	regrowth.
Concentrations	above	MIC	should	be	maintained	for	the	entirety	of	the
dosing	interval	to	prevent	resistance.	As	such	for	patients	with	normal
renal	function,	an	8-hour	interval	is	recommended.

•			Initiation	of	therapy	without	a	loading	dose	will	result	in	a	significant
delay	to	attaining	therapeutic	colistin	concentrations,	as	the	half-life	in
critically	ill	patients	is	14	hours.	Although	outside	the	standard	dosing
recommendations,	a	loading	dose	should	be	used	to	ensure	the	patient	is
promptly	receiving	a	therapeutic	dose	and	maintaining	serum
concentrations	above	the	organism’s	MIC.

•			Optimal	dosing	for	CRRT	has	not	been	established,	but	its
removal/binding	to	dialysis	circuits	may	warrant	higher	doses.

•			The	true	characterization	of	the	PK/PD	of	CMS	and	colistin	has	yet	to	be
elucidated	and	information	about	its	optimal	utilization	will	continue	to
evolve.	The	reader	is	encouraged	to	review	the	primary	literature	for	the
most	recent	studies	that	will	complement	the	information	contained	herein.

CASES

CASE	1:	COLISTIN	LOADING	DOSE
JC	 is	 a	 68-year-old	male	 admitted	 to	 the	 intensive	 care	 unit	with	 SOB	 and	 is
intubated	for	acute	hypoxic	respiratory	failure.	His	PMH	includes	HTN,	COPD,
and	Type	 II	DM.	He	 is	an	active	drinker	with	 family	reporting	about	six	beers
per	 day.	 He	 quit	 smoking	 10	 years	 ago.	 He	 has	 multiple	 admissions	 to	 the
hospital	for	pneumonia.	He	is	empirically	started	on	broad	spectrum	antibiotics
to	cover	for	gram-negative	and	gram-positive	organisms.	The	ICU	team	obtains
blood,	sputum,	and	urine	cultures.

Height:	165	cm
Weight:	60	kg
Creatinine	0.98	mg/dl

On	day	2,	his	sputum	grows	many	Acinetobacter	baumanii	susceptible	to	colistin



and	 amikacin.	Based	on	 recent	PK	data	 to	 target	 a	 concentration	of	 2.5	mg/L,
calculate	JC’s	loading	dose	of	CMS.

Answer:
Using	the	equations	from	Table	8-3:

Calculate	JC’s	maintenance	dose:

Recommended	dose	would	be	100	mg	IV	q8h.

QUESTION

JC	requires	a	contrasted	CT	of	his	chest,	abdomen,	and	pelvis	and	48	hours	later
develops	acute	kidney	injury.	The	decision	is	made	to	place	him	CRRT	due	to	his
hemodynamics.
Recommend	a	new	CMS	dose	while	he	is	on	CVVHDF.

Answer:
Based	on	the	equation	in	Table	3,	which	included	4	patients	receiving	CRRT:

Daily	dose	of	CBA	to	achieve	each	1	mg/liter	colistin	Css,avg	target	=	192	mg.
May	divide	dose	every	8–12	hours.	Suggest	a	dose	of	100	mg	IV	q12h.



QUESTION

JC	 becomes	more	 hemodynamically	 stable	 and	 now	 is	 being	 changed	 over	 to
intermittent	hemodialysis.	What	is	his	new	CMS	dose?

Answer:
Using	Table	8-3:

Daily	 dose	 of	 CBA	 on	 a	 non-HD	 day	 to	 achieve	 each	 1	 mg/liter	 colistin
Css,avg	target	=	30	mg.	Because	CrCl	is	zero,	Dose	=	colistin	Css,avg	target	×	(1.5
×	CrCl	+	30).

On	 HD	 days,	 a	 supplemental	 dose	 is	 needed.	 Add	 50	 percent	 to	 the	 daily
maintenance	dose	if	 the	supplemental	dose	is	administered	during	the	last	hour
of	HD.	Add	30	percent	to	the	daily	maintenance	dose	if	the	supplemental	dose	is
administered	after	the	HD	session.	Twice	daily	dosing	is	suggested.

Therefore,	daily	maintenance	dose	is	30	mg	per	day	and	45	mg	on	HD	day	if
being	administered	during	the	last	hour	of	HD,	or	30	mg	of	CBA	per	day	and	39
mg	on	HD	days	if	being	administered	after	the	HD	session.

QUESTION

Drug	Interaction	with	NMBAs.
JC’s	 respiratory	 status	 deteriorates	 and	 is	 placed	 on	 high-frequency

ventilation	 and	 requires	 a	 neuromuscular	 blocking	 agent	 to	 assist	 with	 his
oxygenation.	 What	 is	 your	 recommendation	 to	 the	 team	 regarding	 the	 drug
interaction	between	colistin	and	the	neuromuscular	blocking	agent?

Answer:
Because	the	effects	of	 the	NMBA	are	increased	with	colistin,	he	may	require	a
lower	dose	of	the	NMBA	than	what	is	recommended.	Monitoring	parameters	for
NMBAs	include	the	train	of	four	with	a	goal	of	2–3	twitches.	It	is	important	to
monitor	 the	 effect	 of	 the	NMBA	 frequently	 and	 adjust	 the	 dose	 downward	 as
needed.

CASE	2:	UTI



RH	 is	 a	 75-year-old	 female	 who	 resides	 in	 a	 nursing	 home	 after	 suffering	 a
stroke	 two	 years	 ago.	 She	 has	 a	 chronic	 urinary	 catheter	 and	 is	 repeatedly
treated	 for	urinary	 tract	 infections.	She	 is	admitted	 to	 the	ED	with	a	 fever	and
dysuria.	Her	urine	culture	grows	a	MDR	A.	baumanii.	The	decision	 is	made	 to
initiate	 colistin	 therapy.	 Using	 traditional	 dosing,	 what	 would	 be	 your
recommendation?	RH’s	serum	creatinine	is	1.4	mg/dL,	and	she	weighs	65	kg.

Answer:
Traditional	dosing	is	used	due	to	the	fact	RH	is	not	critically	ill	or	showing	signs
of	sepsis.	A	serum	creatinine	of	1.4	puts	her	degree	of	renal	dysfunction	as	mild
impairment.

A	dose	of	2.5–3.8	mg/kg	in	2	divided	doses	equals	162.5	mg–247	mg/day.	A
suggested	dose	would	be	100	mg	IV	q12h	of	colistin	base	activity	(or	anywhere
in	this	range).	Remember	to	monitor	for	signs	of	nephrotoxicity	or	neurotoxicity.

CASE	3:	CNS
BD,	a	52-year-old	male,	presents	with	SAH	and	obstructive	hydrocephalus.	An
EVD	 was	 inserted	 and	 was	 replaced	 once	 (day	 7).	 The	 patient	 is	 intubated,
sedated	in	the	ICU	with	persistent	fevers.	Multiple	cultures	were	obtained.	CSF
and	 the	 EVD	 tip	 from	 day	 7	 grew	MDR	 Acinetobacter	 baumanii.	 In	 addition,
blood	 cultures	were	 positive	 for	 the	 same	 organism.	 Patient	 is	 now	 exhibiting
signs	 and	 symptoms	 of	 sepsis	 and	 requiring	 vasopressors	 to	 maintain	 blood
pressure.

Height:	172	cm
Weight:	125	kg
Creatinine:	1.2	mg/dL

What	is	an	appropriate	IV	and	intraventricular	dose	for	this	patient?

Answer:
IV	Dose
Calculate	IBW	(use	calculations	for	obese	patient).



Using	the	equations	from	Table	8-3:

Recommend	 a	 maximum	 of	 300	 mg	 IV	 daily	 based	 on	 the	 author’s
recommendations.57

Calculate	BD’s	maintenance	dose.

This	dose	is	significantly	greater	than	the	current	maximum	labeled	dose,	and
some	clinicians	may	not	 accept	 exceeding	150	mg	 IV	q12h	or	 5	mg/kg/d	 to	 a
maximum	of	300	mg.

Intraventricular	Dose
10	mg	CMS	intraventricularly	daily	(=	3.75	mg	CBA)

Close	monitoring	for	renal	and	neurotoxicity	is	recommended.	Neurotoxicity
from	 intraventricular	 administration	 is	 dose-related,	 may	 respond	 to	 a	 dose
reduction,	and	is	typically	reversible	upon	discontinuation.

CASE	4:	CYSTIC	FIBROSIS
AR	 is	a	27-year-old	 female	with	progressively	worsening	pulmonary	 symptoms
and	presumed	acute	exacerbation.	She	has	had	several	previous	exacerbations
and	 received	 multiple	 courses	 of	 IV	 antibiotics.	 She	 does	 not	 receive	 inhaled



colistin	as	she	did	not	tolerate	the	nebulizer	administrations.
Height:	155	cm
Weight:	42	kg
Creatinine	0.3	mg/dL

Her	 sputum	 grows	many	Pseudomonas	 aeruginosa	 susceptible	 to	 colistin	 and
amikacin.	Therapy	will	 be	 initiated	with	both	 agents.	What	 is	 the	best	 colistin
dosing	regimen	for	this	patient?

Answer:
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CHAPTER 	9
Lidocaine

TUDY	HODGMAN,	PharmD,	FCCM,	BCPS

Lidocaine	is	a	local	anesthetic	that	also	has	Vaughan	Williams	classification	type
IB	antiarrhythmic	properties.	It	is	indicated	for	ventricular	fibrillation	in	patients
who	 cannot	 undergo	 synchronized	 cardioversion	 and	 are	 hemodynamically
stable	who	do	not	 require	electrical	cardioversion.	 It	 can	also	be	used	 for	both
monomorphic	and	polymorphic	ventricular	tachycardias.	Lidocaine	is	considered
an	alternative	 to	amiodarone	as	a	second-line	agent	 in	patients	with	ventricular
tachycardia	 or	 pulseless	 electrical	 activity	 who	 are	 resistant	 to	 electric
cardioversion	 and	 intravenous	 epinephrine	 or	 vasopressin.1	 The	 use	 of
intravenous	 lidocaine	 has	 decreased	 with	 the	 elimination	 of	 lidocaine	 as	 the
standard	 of	 practice	 for	 prophylaxis	 of	 asymptomatic	 premature	 ventricular
contractions	 or	 non-sustained	 ventricular	 tachycardia	 after	 acute	 myocardial
infarction.

PHARMACOKINETIC	PARAMETERS

Lidocaine	 serum	 concentrations	 decrease	 biexponentially,	 and	 intravenous
lidocaine	follows	a	two-compartment	pharmacokinetic	model	(see	Figure	9-1).2
After	 an	 intravenous	 loading	 dose,	 lidocaine	 distributes	 into	 cardiac	 tissue
rapidly,	 with	 an	 alpha	 t½	 of	 approximately	 8	 minutes	 (range	 7–30	 minutes),
achieving	maximum	serum	concentrations	within	an	hour.	The	cardiac	tissue	is
considered	 to	 be	 part	 of	 the	 central	 compartment	 for	 lidocaine	 with	 onset	 of
effects	quickly	after	a	loading	dose.	The	beta	elimination	phase	is	due	to	transfer
of	 drug	 from	 the	 larger	 volume	 of	 distribution	 (Vdss)	 back	 into	 the	 central
compartment	 (Vdc)	 with	 t½	 of	 87–108	 minutes.	 Therefore,	 even	 if	 a
maintenance	 infusion	 is	 started	 simultaneously	 to	 the	 loading	 dose,	 rapid



redistribution	 can	 lead	 to	 subtherapeutic	 concentrations	 that	 may	 place	 the
patient	 at	 risk	 for	 life-threatening	 arrhythmia.3	 This	 rapid	 distribution	 phase
justifies	 the	 repetition	 of	 a	 “loading	 dose,”	 generally	 50	 percent	 of	 the	 initial
load,	 given	 at	 5-	 to	 20-minute	 intervals	 to	 maintain	 a	 therapeutic
concentration.1,4,5,6

FIGURE	9-1.	Two-compartment	model.2

THERAPEUTIC	CONCENTRATION
Most	 sources	 suggest	 therapeutic	 concentrations	 fall	 in	 the	 range	 of	 1.5–5
mcg/mL.1,5	 6,7	 Unfortunately,	 lidocaine	 has	 a	 narrow	 therapeutic	 index	 and
adverse	 effects	 are	 both	 dose-	 and	 concentration-related.	As	 you	 approach	 the
upper	 end	 of	 this	 range,	 adverse	 events	 such	 as	 paresthesias,	 dizziness,
drowsiness,	and	euphoria	may	appear.	If	lidocaine	concentrations	rise	above	the
therapeutic	range	into	toxic	concentrations,	a	host	of	adverse	consequences	may
be	 seen,	 including	 general	 adverse	 events	 like	 confusion,	 dysarthria,	muscular
twitching	 or	 seizures,	 agitation,	 psychosis,	 and	 even	 coma.6,7	 Cardiovascular
adverse	 events	 include	 hypotension,	 atrioventricular	 blockade	 with	 concurrent
hyperkalemia,	 and	 circulatory	 collapse.2,8,9,10,11	 However,	 lidocaine-induced
adverse	 drug	 events	 are	 often	missed	 and	 attributed	 to	 the	 underlying	 disease
pathology.	Routine	serum	concentration	monitoring	is	not	recommended	unless
the	 clinician	 suspects	 an	 adverse	 drug	 event,	 the	 patient	 experiences	 recurrent
ventricular	arrhythmias,	or	the	patient	has	disease	states	or	conditions	known	to
change	the	pharmacokinetics	of	lidocaine.12,13

METABOLISM	AND	ELIMINATION



Lidocaine	is	almost	exclusively	(>95%)	eliminated	by	cytochrome	P450	hepatic
metabolism.	The	CYP1A2	and	3A	enzyme	groups,	which	are	abundant	 in	both
the	 intestinal	wall	and	 liver,	metabolize	efficiently,	 leading	 to	a	 large	 first-pass
effect	 with	 low	 oral	 bioavailability	 (30%).14	 The	 primary	 active	 metabolite	 is
monoethylglycinexylidide	 (MEGX),	which	 is	both	 renally	excreted	and	 further
hepatically	broken	down	to	glycinexylidide	(GX)	and	other	inactive	metabolites.
Both	 GX	 and	 a	 portion	 of	 MEGX	 are	 renally	 eliminated	 and	 have	 been
associated	with	some	of	the	adverse	effects	seen	with	lidocaine.15	Because	these
metabolites	 are	 renally	 eliminated,	 patients	 with	 significant	 renal	 dysfunction
can	 exhibit	 signs	 of	 toxicity	 despite	 a	 concentration	 within	 the	 therapeutic
range.4,6	When	lidocaine	is	administered	as	a	prolonged	infusion,	the	metabolites
MEGX	 and	 GX	 can	 compete	 for	 hepatic	 metabolism	 and	 lead	 to
accumulation.1,3,4,16–20	Because	lidocaine	has	a	low	sieving	coefficient,	it	is	not
removed	 by	 hemodialysis	 or	 by	 hemofiltration21;	 however,	 no	 specific	 dosing
guidelines	are	provided	for	patients	with	renal	dysfunction	either	with	or	without
dialysis.

With	 normal	 circulatory	 function,	 lidocaine	 has	 100	 percent	 bioavailability
after	 intravenous	 injection.	 Intramuscular	 administration	 is	 generally	 avoided
because	 it	 may	 interfere	 with	 assessment	 of	 creatine	 kinase	 enzyme
concentrations	used	in	the	evaluation	of	acute	myocardial	infarction	and	also	the
need	 for	 rapid	 onset.	 Lidocaine	 is	 a	 drug	with	 an	 extraction	 ratio	 of	 about	 70
percent,	 placing	 it	 in	 the	 category	 of	 high	 extraction	 ratio	 where	 clearance	 is
approximated	 by	 liver	 blood	 flow,	 approximately	 10	 ml/kg/min.9	 Therefore,
diseases	 that	 affect	 liver	 blood	 flow	 are	 likely	 to	 significantly	 affect	 lidocaine
clearance.	In	either	CHF	or	cirrhosis,	clearance	decreases	by	about	40	percent	to
6	 ml/kg/min,	 whereas	 in	 major	 trauma	 or	 critical	 illness	 clearance	 is
approximately	6.8	ml/kg/min.6,17,22,23

Unlike	 the	 general	 usefulness	 of	 using	 a	 serum	 creatinine	 to	 estimate	 the
degree	of	 renal	 insufficiency,	no	serum	hepatic	marker	correlates	 to	significant
changes	in	hepatic	dysfunction.	Therefore,	since	hepatic	disease	leads	to	variable
protein	binding	 and	 elimination,	 some	have	used	 an	objective	measurement	 of
hepatic	function,	the	Child-Pugh	classification	(see	Table	9-1).24

TABLE	9-
1 Child-Pugh	Classification24



A	Child-Pugh	 score	 of	 ≥8	would	 suggest	 poor	 hepatic	 function	 that	 would
necessitate	decreased	dose.14	Although	 lidocaine	has	a	high	extraction	ratio,	 in
decompensated	cirrhotic	patients,	the	clearance	is	not	related	to	blood	flow,	but
likely	 decreases	 relative	 to	 the	 amount	 of	 circulating	hepatic	 enzymes	 that	 are
produced.	Additionally	many	of	 the	patients	with	hepatic	dysfunction	will	also
be	 treated	 with	 a	 nonselective	 beta	 blocker	 that	 is	 known	 to	 decrease	 hepatic
enzyme	activity	as	well.14	Patients	with	known	hepatic	dysfunction	would	best
have	serum	lidocaine	concentrations	utilized	to	prevent	toxicity	in	this	high-risk
population.

Changes	 in	 plasma	protein	binding	 are	 also	 likely	 to	 affect	 high-extraction-
ratio	drugs	like	lidocaine.6	Normally,	plasma	protein	binding	is	about	70	percent,
with	 a	 small	 portion	 (30%)	 to	 albumin	 and	 the	 rest	 bound	 to	 alpha	 1-acid
glycoprotein	 (AAG).20	 AAG	 is	 an	 acute	 phase	 reactant	 secreted	 in	 high
quantities	during	stress	situations	 (e.g.,	acute	MI,	CHF,	or	 trauma	 that	 leads	 to
even	lower	free	concentrations	of	lidocaine	as	the	bound	fraction	increases).	The
pharmacokinetics	 of	 AAG	 are	 also	 known	 to	 be	 effected	 by	 other	 disease
processes	 such	 as	 rheumatoid	 arthritis,	 cancer,	 morbid	 obesity,	 nephritic
syndrome,	 or	 drugs	 (estrogen).20,25,26	 After	 a	 myocardial	 infarction,	 AAG
concentrations	may	 increase	 for	 the	 first	 72	hours	 leading	 to	 a	decrease	 in	 the
unbound	 percentage	 of	 lidocaine	 from	 30	 percent	 to	 20	 percent.	 This	 process
may	be	exhibited	by	decreased	lidocaine	clearance,	placing	these	patients	at	risk
for	adverse	effects.	It	has	been	suggested	that	monitoring	of	unbound	drug	may
be	necessary	for	the	most	accurate	assessment	of	drug	effect.27

The	terminal	half-life	of	lidocaine	with	normal	hepatic	function	is	1–2	hours



and	 increases	 to	more	 than	5	hours	 in	patients	with	hepatic	dysfunction.1,4,9	 In
order	 to	estimate	steady	state,	 three	 to	 five	half-lives	should	pass	 (8–24	hours)
before	 assessing	 steady-state	 serum	 concentrations.	 To	 avoid	 the	 delay	 in
achieving	 a	 therapeutic	 serum	 concentration	 and	 allowing	 the	 potential	 for
breakthrough	 arrhythmias,	 it	 is	 suggested	 a	 loading	 dose	 be	 given	 prior	 to
instituting	 the	maintenance	dose.	The	maintenance	dose	 should	 then	be	 started
immediately	 to	 avoid	 subtherapeutic	 serum	 concentrations	 until	 steady	 state	 is
reached.	 One	 to	 two	 repeat	 bolus	 doses	 can	 be	 given	 after	 5-	 to	 20-minute
intervals	to	accommodate	the	initial	distribution	phase,	because	the	maintenance
dose	 causes	 only	 a	 slow	 rise	 in	 serum	 concentrations.1,15	 The	 half-life	 of
lidocaine	 can	 increase	 to	 approximately	 5	 hours	 with	 liver	 disease	 (cirrhosis,
hepatitis)	due	to	the	lack	of	hepatic	enzyme	activity.	With	prolonged	infusions,
greater	 than	 24	 hours,	 the	 terminal	 t½	 increases.3,18,19,28	 Obesity—defined	 as
total	 body	 weight	 (TBW)	 >130	 percent	 of	 lean	 body	 weight	 (LBW)—is	 not
known	to	specifically	affect	terminal	t½.

The	volume	of	central	compartment	(Vdc)	is	not	easily	measurable,	therefore,
most	 clinicians	use	a	population	average	of	0.5	L/kg	 for	 this	parameter	with	a
total	 body	 volume	 of	 distribution	 (Vdss)	 of	 1.5–2	 L/kg.4	 The	 volume	 of
distribution	 increases	minimally	with	hepatic	dysfunction	 to	approximately	0.6
L/kg	with	Vdss	of	2.3	L/kg	due	to	decreased	protein	stores	(albumin	and	AAG).9
Vdc	 decreases	 with	 acute	 heart	 failure	 to	 approximately	 0.3	 L/kg	 due	 to
increases	in	AAG,	with	a	Vdss	of	0.88	L/kg.4,9	Trauma	patients	or	the	critically
ill	have	a	Vdc	of	0.25	and	Vdss	of	0.75	L/kg.22,23	Renal	failure	does	not	change
the	volume	of	distribution.	Obesity	(TBW	>130%	LBW)	is	not	associated	with	a
larger	Vdc;	therefore,	doses	should	be	based	upon	LBW.	However,	because	Vdss
does	increase	with	weight,	controversy	exists	as	to	which	weight	is	best	to	utilize
for	computing	the	total	bolus	(i.e.,	the	number	of	bolus	doses	given).29	Of	note,
the	 volume	 of	 distribution	 changes	 should	 not	 lead	 to	 changes	 in	 individual
loading	 doses	 administered,	 but	 rather	 changes	 the	 total	 “loading	 dose”
administered	 as	 several	 intermittent	 boluses	 (e.g.,	 decreasing	 or	 increasing	 the
number	of	repeat	boluses	at	a	dose	of	0.5–0.75	mg/kg).

MONITORING
Because	 lidocaine	 is	 an	 antiarrhythmic	 agent,	 the	 electrocardiogram	 should	 be
monitored	 for	 its	 effect	 on	 the	 presenting	 dysrhythmia.	 The	 standard	 goal	 of
therapy	 is	 suppression	 of	 dysrhythmia	 with	 concurrent	 avoidance	 of	 adverse
effects.	Commonly	 lidocaine	 is	only	employed	for	a	short	duration	while	other



therapeutic	interventions	are	done,	as	there	is	not	a	therapeutic	class	oral	agent	to
transition	 to.	 Rarely	 lidocaine	 is	 continued	 for	 recalcitrant	 ventricular
dysrhythmias	 while	 assessing	 other	 long-term	 antiarrhythmic	 options.
Monitoring	of	 serum	 lidocaine	 concentrations	 is	often	not	necessary	as	 it	 used
short	 term.	 However,	 in	 the	 case	 when	 a	 prolonged	 course	 is	 necessary	 for
recalcitrant	 dysrhythmia	 or	 evaluation	 of	 drug-related	 adverse	 events,	 serum
concentrations	 should	 be	 assessed	 to	 avoid	 lidocaine	 toxicity	 or	 increase
morbidity.30,31	Some	clinicians	 suggest	 stopping	 lidocaine	 infusions	 after	6–24
hours	to	assess	the	need	for	continued	therapy.

DRUG	INTERACTIONS

Lidocaine	 is	 a	 substrate	 for	 the	 cytochrome	P450	 (CYP)	 enzymes,	 specifically
1A2,	 2B6,	 and	 3A4,	 but	 can	 also	 inhibit	 the	 CPY1A2	 enzymes.	 Drug
interactions	 can	 occur	 due	 to	 changes	 in	metabolic	 enzyme	 activity	 or	 due	 to
changes	in	hepatic	blood	flow.	Beta-adrenergic	blockers	reduce	clearance	due	to
decreased	cardiac	output	and	hepatic	blood	flow.	Cimetidine	is	thought	to	inhibit
enzyme	 activity	 leading	 to	 decreased	 clearance.	 Medications	 such	 as
phenobarbital	 isoniazid,	 chloramphenicol,	 or	 phenytoin	 can	 induce	 hepatic
enzymes	leading	to	increased	clearance	of	lidocaine.1,6

PHARMACOKINETIC	MODIFICATIONS	FOR
DISEASE	STATES

Hepatic	 dysfunction	 as	 seen	 with	 cirrhosis	 or	 hepatitis	 may	 lead	 to	 wide
variation	in	lidocaine	clearance.32	The	protein	binding	of	lidocaine	is	reduced,	so
the	 Vd	 is	 larger	 than	 normal.	 Concurrently	 metabolic	 processes	 may	 be
depressed	 due	 to	 decreased	 CYP3A	 activity,	 leading	 to	 decreased	 clearance.
These	 opposing	 parameters	 make	 prediction	 of	 lidocaine	 clearance	 in	 this
population	difficult	 to	predict,	and	lidocaine	serum	concentrations	are	useful	 in
guiding	 therapy.1,9	 The	 effect	 of	 age	 is	 unclear	 as	many	 of	 these	 patients	 also
have	 some	 degree	 of	 cardiac	 dysfunction	 that	 indirectly	 effects	 hepatic	 blood
flow	and	therefore	clearance.1,7

Myocardial	 infarction	 precipitates	 a	 surge	 in	 AAG	 release	 leading	 to



decreased	 percentage	 of	 unbound	 lidocaine	 and	 therefore	 a	 decrease	 in
clearance.	 Because	 the	 rise	 in	 AAG	 can	 continue	 for	 up	 to	 72	 hours	 after	 a
myocardial	infarction	and	persist	up	to	several	weeks,	widely	variable	changes	in
clearance	are	reported.17

Heart	failure	and	cardiogenic	shock	can	significantly	impair	clearance	due	to
decreased	 cardiac	 output	 and	 altered	 hepatic	 blood	 flow.	 Elevated	 AAG
concentrations	 lead	 to	 increased	 plasma	 protein	 binding	 with	 lower	 unbound
fraction	 of	 lidocaine	 (a	 smaller	 Vd	 =	 0.3	 L/kg).	 Half-life	 is	 quite	 variable
depending	on	acute	changes	in	cardiac	function	and	is	difficult	to	predict,	again
necessitating	 serum	 lidocaine	 concentrations	 if	 lidocaine	 infusion	 is
continued.6,9,18	 Some	 have	 suggested	 that	 clearance	 be	 estimated	 as	 2.1–14.5
ml/kg/min	 based	 upon	 the	 degree	 of	 heart	 failure	 present	 (class	 IV	 to	 class	 I,
respectively).33

It	 is	 difficult	 to	 obtain	 specific	 pharmacokinetic	 parameters	 for	 individual
patients,	so	most	lidocaine	dosing	is	based	on	population	parameters	(shown	in
Table	9-2).	The	patient	 should	 be	 assessed	 for	 disease	 states	 known	 to	 change
kinetic	variables,	 specifically	 t½.	The	Kel	 can	 then	be	 estimated	 and	 clearance
calculated	utilizing	estimated	Vd.6,9

TABLE	9-
2

Estimated	Pharmacokinetic	Parameters	Based	on	Concurrent
Disease	State

DOSING



Traditional	 literature-based	 recommendations	 for	 loading	 dose	 1–1.5	 mg/kg,
with	 repeat	 loading	 doses	 of	 0.5–1	 mg/kg	 every	 5–20	 minutes	 (up	 to	 total	 3
mg/kg)	 administered	 at	 maximum	 rate	 of	 50	 mg/min.	 For	 patients	 with	 heart
failure,	 half	 the	 normal	 loading	 doses	 are	 recommended.6	 Unfortunately,
unpredictable	results	have	been	noted	with	this	approach	to	dosing.

Maintenance	doses	ranges	are	1–4	mg/min,	or	10–30	mcg/kg/min.1,6	Patients
with	decreased	clearance	secondary	to	liver	dysfunction	should	start	at	half	 the
normal	maintenance	dosage.6

An	alternative	dosing	schedule	that	has	been	advocated	is	a	loading	dose	of	8
mg/min	 for	 up	 to	 25	 minutes	 followed	 by	 maintenance	 dose	 2	 mg/min.34
Another	scheme	suggested	is	75	or	100	mg	IV	push	bolus	followed	by	8	mg/min
(120	mcg/kg/min)	×	25	minutes,	 then	2	mg/minute	(30	mcg/kg/min)	thereafter,
which	 resulted	 in	 only	 52	 percent	 of	 patients	 achieving	 a	 serum	 lidocaine
concentration	 greater	 than	 2.5	 mcg/ml.3	 Wheeler35	 employed	 two	 dosing
regimens:	 100	 mg	 IV	 push	 followed	 by	 6.5	 mg/min	 for	 15	 minutes,	 then	 2
mg/min	thereafter;	or	100	mg	IV	push	followed	by	4.5	mg/min	over	30	minutes,
3.1	mg/min	 over	 30	minutes,	 then	 2	mg/min.	 Computer-assisted	 dosing	 using
nonlinear	 least	 squares	 regression	 analysis	 to	 adjust	 clearance	 and	 volume	 of
distribution	 has	 been	 proposed	 as	 a	 method	 for	 attaining	 desired	 therapeutic
concentrations	during	both	the	distributive	and	elimination	phases	of	therapy.36

These	complex	dosing	schemes	may	mathematically	improve	the	time	within
a	 desired	 therapeutic	 range;	 however,	 their	 use	 is	 discounted	 by	 the	 inherent
disadvantages	of	increases	in	dosing	errors	or	calculations,	and	close	monitoring
by	nursing	staff	due	to	the	need	for	multiple	pump	setting	changes.37

Theoretically,	 Bayesian	 forecasting	 techniques	 that	 incorporate	 expected
population	parameters	and	two	or	three	serum	measurements	could	be	utilized	to
overcome	the	errors	in	dosing	when	applying	one-compartment	kinetic	equations
for	a	two-compartment	drug	like	lidocaine.38	Again,	the	need	for	multiple	serum
samples	and	computer	programs	combined	with	 the	short	duration	of	 infusions
in	current	practice	preclude	use	of	Bayesian	dosing.

Two-compartment	model	kinetics	are	complicated	by	 trying	 to	calculate	 the
amount	of	drug	lost	from	the	central	compartment	and	adjust	the	infusion	rate	to
maintain	a	steady	concentration	of	lidocaine.	It	leads	most	clinicians	to	estimate
the	concentration	when	 the	 two	compartments	are	at	a	steady-state	equilibrium
using	one-compartment	model	kinetics.2

Bolus	loading	dose:



Repeat	loading	doses	after	infusion	has	begun:

Individual	patient	pharmacokinetic	parameters	can	be	utilized	if	steady-state
serum	lidocaine	concentrations	are	obtained.

Cl	(L/min)	=	Dose	(mg/min)/Css	(mcg/ml)

ASSAYS

Lidocaine	 can	 be	 measured	 in	 either	 whole	 blood	 or	 plasma,	 with	 plasma
concentrations	 of	 120	 percent	 of	what	 is	 found	 in	 blood.6	 The	most	 desirable
assay	 would	 provide	 good	 reliability	 and	 also	 a	 quick	 turnaround	 time.	 Gas
liquid	chromatography	(GLC)	is	one	modality	used	to	evaluate	serum	lidocaine
concentrations.	 The	 sensitivity	 is	 from	 0.1–10	 mcg/mL	 with	 a	 coefficient	 of
variation	of	7.5	percent.	Unfortunately	with	GLC,	 some	of	 the	metabolites	 are
detected	along	with	the	parent	compound.	GLC	requires	trained	technicians	and
requires	a	 time-consuming	separation	extraction	prior	 to	 testing.	High-pressure



liquid	 chromatography	 (HPLC)	 has	 a	 sensitivity	 of	 0.1	 mcg/mL	 with	 a
coefficient	 of	 variation	 of	 5–10	 percent.	 The	 use	 of	 lidocaine,	 as	 well	 as	 the
duration	of	lidocaine	infusions,	has	decreased.	This	decrease,	along	with	the	lack
of	rapid	turnaround,	limits	the	use	of	some	of	these	more	traditional	methods	of
assay	for	lidocaine.

Enzyme	 immunoassay	 (EIA)	 or	 enzyme	 immunoassay	 technique	 (EMIT)
using	 the	 competitive	 binding	 principle	 correlates	 well	 with	 standard
chromatographic	methods.	EMIT	uses	an	inexpensive	spectrophotometer	and	is
completed	 in	 about	 1	minute.	EMIT	measures	 lidocaine	 concentrations	 of	 1–2
mcg/ml	 with	 a	 coefficient	 of	 variation	 of	 <10	 percent.3	 EIA	 allows	 rapid
turnaround	with	little	cross-reactivity	or	interference	with	some	plasma	proteins,
and	 it	 does	 not	 assay	 lidocaine	 metabolites.	 EMIT	 also	 has	 the	 advantage	 of
decreased	 technician	 time	 for	 performing	 the	 assay,	 and	 decreased	 expertise
needed	for	operating	the	equipment.

CASES

CASE	1
WM,	 a	 44-year-old	 man,	 is	 admitted	 to	 the	 ED	 with	 probable	 AMI	 and
associated	 ventricular	 tachycardia.	 After	 successive	 shocks,	 he	 is	 to	 be
administered	 lidocaine	 as	 an	 intravenous	 infusion.	 He	 has	 no	 known	 prior
medical	history	and	does	not	smoke	or	drink.

Height	=	73	inches
Weight	=	80	kg

QUESTION
What	are	the	loading	and	maintenance	doses	for	this	patient	for	a	serum	level	of
2.5	mcg/mL	utilizing	pharmacokinetic	dosing	methods?

Answer:



Utilizing	the	literature-based	dose	for	a	patient	without	disease	states	known	to
affect	lidocaine	clearance:

Loading	dose	=	1–1.5	mg/kg	×	80	kg	=	80–120	mg

Maintenance	dose	=	2–3	mg/min	to	achieve	midtherapeutic	range.

When	would	you	obtain	a	steady-state	serum	concentration?

T½	×	5	=	4	×	5	=	20	hr

You	would	get	 a	 serum	 lidocaine	 level	 to	ensure	efficacy	of	 the	 infusion	or	 to
rule	out	toxicity.

CASE	2
A	 43-year-old	 female	 is	 found	 in	 a	 parking	 lot	 unresponsive.	 Paramedics
evaluate	 the	 patient	 and	 find	 her	 in	 ventricular	 fibrillation.	 She	 is	 treated
according	the	ACLS	standard	protocol,	including	defibrillation	and	epinephrine.
Amiodarone	is	initiated,	but	leads	to	significant	hypotension.	Lidocaine	is	to	be
initiated	as	an	alternative.

The	 patient	 has	 a	 long	 history	 of	 ETOH	 abuse,	 with	 known	 cirrhosis,	 and
substance	abuse.

Height	=	66	inches



Weight	=	47.9	kg

QUESTION

What	 would	 your	 recommended	 target	 steady-state	 concentration	 be	 for	 this
patient?
Because	the	patient	is	at	high	risk	for	accumulation,	should	you	aim	for	the

lower	 end	 of	 the	 therapeutic	 range	 (1–2	mcg/mL)	 provided	 this	 concentration
controls	 the	 patient’s	 ventricular	 dysrhythmia.	What	 would	 be	 your	 suggested
loading	and	maintenance	doses	 to	achieve	a	 serum	concentration	of	2	mcg/ml
for	this	patient?

Answer:

The	patient	should	be	assessed	for	suppression	of	dysrhythmia	during	the	first	24
hours.	 If	 the	 infusion	 is	 to	 continue	 past	 24	 hours,	 she	 should	 be	 assessed	 for
adverse	effects	secondary	to	accumulation	of	lidocaine.	Remember	this	level	will
be	 difficult	 to	 assess	 in	 a	 patient	 with	 hepatic	 cirrhosis,	 so	 serum	 lidocaine
concentration	may	be	necessary	to	guide	further	therapy.

CASE	3



A	63-year-old	male	with	a	history	of	 cardiomopathy	and	NYHA	class	 IV	heart
failure	presents	with	SOB	and	fatigue.	Over	the	next	24	hours,	he	is	aggressively
diuresed	 leading	 to	 severe	 hyponatremia,	 hypokalemia,	 and	 hypomagnesemia.
His	 electrolyte	 disturbances	 are	 thought	 to	 have	 led	 to	 the	 occurrence	 of
ventricular	 fibrillation.	ACLS	procedure	 is	 followed,	but	based	on	 the	patient’s
past	 history	of	 lack	of	 response	 to	 amiodarone,	 the	 cardiologist	wants	 to	 treat
him	 with	 lidocaine.	 Please	 suggest	 an	 initial	 dosing	 regimen	 to	 achieve	 a
lidocaine	concentration	of	3	mcg/mL.

Height	=	69	inches
Weight	=	104.6	kg

Answer:

CASE	4

A	49-year-old	male	is	admitted	s/p	cardiopulmonary	arrest.	His	current	rhythm
is	ventricular	tachycardia,	and	he	is	to	be	started	on	a	lidocaine	infusion.	He	has
a	long	history	of	diabetes	poorly	controlled,	renal	insufficiency	(CKD	stage	4),
hyperlipidemia,	morbid	obesity,	and	severe	CAD	with	several	stents	placed.

Height	=	70	inches



Weight	=	158.8	kg

QUESTION

What	is	a	typical	loading	and	maintenance	dose	for	this	patient?

Answer:
Without	liver	dysfunction	or	heart	dysfunction,	the	typical	loading	dose	is	1–1.5
mg/kg	based	on	LBW.

Rounding	doses	of	75	or	100	mg	would	be	appropriate.
Due	 to	 long	 diabetes	 history	 and	 known	 renal	 insufficiency,	 the	 patients’

serum	 target	 for	 lidocaine	 should	 be	 on	 the	 low	 end	 of	 the	 therapeutic	 range,
therefore,	maintenance	dose	should	start	at	the	lower	end,	1–2	mg/min.

CASE	5
An	elderly	female	with	a	history	of	CHF	presents	with	an	acute	6-pound	weight
gain	 and	 complaints	 of	 increasing	 pedal	 edema	 leading	 to	 an	 inability	 to
ambulate.	 She	 is	 placed	 on	 a	 furosemide	 continuous	 infusion	 for	 acute
pulmonary	edema	 that	necessitates	 intubation.	Concurrent	medications	 include
heparin	 5,000	 units	 subcutaneous	 q8h,	 cimetidine	 300	 mg	 via	 tube	 q12h,
metoprolol	12.5	mg	via	tube	q12h,	ramipril	5	mg	via	tube	daily,	aspirin	81mg	via
tube	daily,	propofol	at	25	mcg/kg/min,	and	fentanyl	25	mcg/hr.

Height	=	59	inches
Weight	=	49.9	kg

QUESTION
Based	upon	her	disease	state	and	current	medications,	what	would	your	 initial
loading	and	maintenance	dosing	be?



Answer:
With	CHF,	the	typical	loading	dose	is	0.5–0.75	mg/kg.	The	patient	is	not	obese,
so	dosing	is	based	on	TBW.

0.5–0.75	mg/kg	×	49.9	kg	=	25	mg	to	37.4	mg,
round	to	25–37.5	mg	IV	push	over	at	least	2	min

Considering	 her	 heart	 failure	 and	 significant	 drug	 interaction	with	 cimetidine,
would	aim	for	lower	end	of	the	therapeutic	range	(1–2	mcg/mL)	for	maintenance
dosing	with	lower	dose	0.5–2	mg/min.

On	 day	 2	 of	 therapy,	 the	 patient	 is	 observed	 to	 have	 facial	 twitching	 and
appears	oriented	x	0.	Her	current	sedation	has	been	stopped.	A	serum	lidocaine
level	was	reported	to	be	6	mcg/mL	with	the	lidocaine	infusing	at	2	mg/min.	The
physician	 asks	 for	 your	 assistance	 in	 decreasing	 the	 serum	 lidocaine	 to	 2
mcg/mL.

Because	lidocaine	kinetics	are	linear,	a	simple	dose	proportion	can	be	set	up:

CASE	6
A	49-year-old	female	with	a	history	of	Down	syndrome,	hypothyroidism,	morbid
obesity,	and	epilepsy	is	initiated	on	a	lidocaine	infusion	for	recurrent	ventricular
tachycardia.	Her	current	meds	are	 famotidine	20	mg	oral	q12h,	 furosemide	20
mg	oral	daily,	 levothyroxine	88	mcg	daily,	phenytoin	150	mg	po	qam,	and	300
mg	 po	 qHS,	 lidocaine	 2	 mg/min.	 She	 has	 a	 steady-state	 lidocaine	 level	 of	 4
mcg/mL.	 Her	 cardiologist	 would	 like	 to	 maintain	 the	 serum	 lidocaine	 at	 2
mcg/mL.	 Calculate	 and	 suggest	 a	 new	 dose	 based	 upon	 her	 current	 serum
concentration.



Dose	=	Cl	×	desired	Css	=	0.5	L/min	×	2	mcg/mL	(mg/L)	=	1	mg/min
This	 dose	 would	 be	 appropriate	 since	 lidocaine	 and	 phenytoin	 may	 have

additive	antiarrhythmic	effects,	so	it	should	be	started	immediately.

CASE	7
An	88-year-old	male	presents	with	a	syncopal	episode	which	if	found	to	be	slow
monomorphic	 ventricular	 tachycardia.	 He	 has	 no	 previous	 cardiac	 history.
Hepatic	and	renal	function	are	normal.	He	is	74	inches	and	64.8kg.	He	is	given
lidocaine	100mg	IV	push,	and	placed	on	lidocaine	2	mg/min	infusion.	After	24
hours,	 he	 reverts	 back	 into	 his	 previous	 monomophic	 ventricular	 tachycardia
and	a	lidocaine	concentration	is	drawn.	His	Css	is	1.3	mcg/mL.	While	awaiting
transfer	 to	 the	 cath	 lab,	 the	 physician	 requests	 a	 dose	 to	 rapidly	 achieve	 2.5
mcg/mL.

Answer:
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CHAPTER 	10
Lithium

HENRY	COHEN,	MS,	PharmD,	FCCM,	BCPP,	CGP

Lithium	was	discovered	in	1818,	and	its	psychiatric	benefits	were	discovered	in
the	1940s.	Until	1950,	the	popular	beverage	7-Up	contained	lithium	citrate	and
was	 positioned	 for	 people	 with	 hangovers.	 The	 number	 “7”	 in	 7-Up	 is	 in
reference	to	the	atomic	mass	of	lithium	and	the	word	“Up”	is	in	reference	to	the
uplifting	effects	of	the	lithium	citrate.

Lithium	 is	 indicated	 for	 the	 management	 of	 bipolar	 disorders,	 the	 acute
treatment	 of	 manic	 episodes	 or	 mixed	 episodes	 in	 patients	 with	 bipolar	 1	 or
bipolar	 2	 disorder,	 and	maintenance	 therapy	 in	 bipolar	 disorders	 to	 prevent	 or
decrease	the	intensity	of	subsequent	manic	episodes.1-5	Lithium	is	also	indicated
for	 refractory	 unipolar	 depression	 (60–80%	 efficacy).3	 Lithium	 has	 also	 been
used	 for	 the	 management	 of	 bulimia,	 tardive	 dyskinesia,	 alcoholism,	 cluster
headaches,	postpartum	psychosis,	 corticosteroid	psychosis,	posttraumatic	 stress
disorder,	 aggression,	 as	 an	 augmentation	 agent	 for	 patients	 with	 depression,
disorders	 of	 impulse	 control,	 schizoaffective	 and	 schizophrenic	 disorders,
neutropenia	 or	 anemia,	 and	hyperthyroidism.3-6	 Lithium	 has	 been	 used	 for	 the
syndrome	 of	 inappropriate	 antidiuretic	 hormone,	 however,	 due	 to	 the	 perils	 of
using	 lithium	 in	 patients	 with	 water	 imbalances	 and	 the	 availability	 of
demeclocycline	and	the	newer	vaptans	such	as	conivaptan,	 lithium	should	only
be	used	as	a	refractory	agent.

Lithium	has	several	mechanisms	of	action	that	influence	its	clinical	effects	in
psychiatry.	 Lithium	 reduces	 cation	 transport	 such	 as	 calcium,	 magnesium,
sodium,	and	potassium	into	cell	membranes	in	the	nerves	and	muscles.2,3	These
univalent	and	divalent	cations	are	involved	in	the	synthesis,	storage,	release,	and
reuptake	of	catecholamines.	Lithium	also	reduces	the	reuptake	of	catecholamines
and	 attenuates	 supersensitive	 receptors,	 resensitizing	 the	 receptor	 and
reestablishing	 the	 effects	 of	 norepinephrine,	 epinephrine,	 serotonin,	 and



dopamine.3	 Both	 norepinephrine	 and	 dopamine	 may	 be	 involved	 in	 the
pathogenesis	 of	 mania,	 and	 serotonin	 may	 be	 involved	 with	 depression.	 The
effects	 of	 lithium	may	 be	 noted	 within	 7–14	 days,	 and	 14–21	 days	 for	 a	 full
effect.

THERAPEUTIC	AND	TOXIC	PLASMA
CONCENTRATIONS

Lithium	has	a	narrow	therapeutic	index	but	a	well-defined	plasma	concentration
range.	The	usual	lithium	target	serum	level	for	acute	manic	or	mixed	episodes	in
patients	with	bipolar	1	or	bipolar	2	disorder	is	0.	8–1.2	mEq/L;	rarely	levels	of
1.2–1.5	 mEq/L	 are	 needed.6	 Once	 the	 patient’s	 manic	 episode	 is	 stabilized,
maintenance	lithium	serum	levels	are	0.6–1.0	mEq/L	and	rarely	1.0–1.2	mEq/L.
In	order	to	minimize	lithium-adverse	effects,	the	target	ranges	of	lithium	for	the
elderly	 are	 usually	 0.2	 mEq/L	 or	 less.7	 The	 available	 target	 serum	 levels	 for
lithium	assume	a	multiple	daily	dose	model;	no	target	level	has	been	established
for	once-daily	dosing.

ADVERSE	EFFECTS

Two	 of	 the	 most	 common	 adverse	 effects	 associated	 with	 lithium	 are
gastrointestinal	and	central	nervous	system	(CNS)	related,	and	generally	resolve
with	 continued	 treatment.2	Gastrointestinal	 side	 effects	may	 occur	 in	 up	 to	 30
percent	of	patients	and	include	nausea,	vomiting,	diarrhea,	and	bloating	and	are
more	 problematic	 with	 the	 extended	 release	 lithium	 dosage	 forms.8	 Central
nervous	system	adverse	effects	occur	 in	40–50	percent	of	patients,	and	 include
confusion,	 lethargy,	 fatigue,	 headache,	 mild	 memory	 impairment,	 muscle
weakness,	and	tremor.8	The	hand	 tremor	occurs	 in	up	 to	50	percent	of	patients
and	manifests	as	a	 fine,	 rapid	 intention	 tremor.9,10	The	CNS	adverse	effects	of
lithium	 may	 be	 associated	 with	 high	 peak	 levels,	 and	 may	 be	 minimized	 by
administering	the	immediate-release	lithium	products	with	food	or	by	using	the
extended-release	lithium	products.11

Lithium	may	 reversibly	 increase	 the	WBC	count	 by	10–30	percent	 and	has
been	 used	 to	 treat	 neutropenia	 secondary	 to	 a	 variety	 of	 causes,	 with	 well-



controlled	 studies	 completed	 in	 patients	 with	 antineoplastic	 drug-induced
neutropenia.3,12-13	 Lithium-induced	 leukocytosis,	 with	 leukocyte	 counts	 of
10,000–15,000/mm3	 have	 been	 observed.3	 Lithium	 should	 not	 be	 used	 in
patients	with	leukemia.

Lithium	decreases	the	response	to	antidiuretic	hormone	(arginine	vasopressin)
and	may	 cause	 nephrogenic	 diabetes	 insipidus	 (DI).	 The	 incidence	 of	 lithium-
induced	DI	 is	 30–50	 percent	 and	 occurs	 shortly	 after	 treatment	 is	 started	 and
persists	 in	 10–25	 percent	 with	 chronic	 treatment.14	 Polyuria	 followed	 by
polydipsia	and	xerostomia	occur	with	increased	urine	volumes	to	greater	than	5
L/day.	 Polyuria	 has	 been	 successfully	 ameliorated	 with	 the	 potassium-sparing
diuretics	amiloride	or	triamterene.15

Lithium	may	 cause	 hypothyroidism—the	 incidence	 is	 1–4	 percent.	 Lithium
inhibits	 organification	 of	 iodine	 and	 inhibits	 conversion	 of	 tetraiodothyronine
(T4)	 to	 triiodothyronine	 (T3).	 Elevated	 thyroid-stimulating	 hormone	 (TSH)
occurs	in	6–25	percent	of	patients.16,17	Patients	may	present	with	goiters,	with	or
without	hypothyroidism.	All	patients	receiving	lithium	should	be	monitored	for
signs	and	symptoms	of	hypothyroidism	such	as	fatigue,	depression,	brittle	hair,
coarse	 skin,	 cold	 intolerance,	 and	 hypotension.	 The	 TSH	 levels	 should	 be
completed	at	baseline	and	monitored	every	6–12	months.	Other	endocrine	effects
of	 lithium	include	mild	asymptomatic	hyperparathyroidism,	and	manifests	with
increased	calcium	and	decreased	phosphate	serum	levels.3

Lithium-induced	dermatologic	adverse	effects	occur	 in	1	percent	of	patients
—acneform	 eruptions,	 folliculitis,	 and	 psoriasis	 exacerbation	 are	 most
common.18,19	A	Raynaud’s	disease-like	effect	occurs	rarely	and	after	one	day	of
use,	 presenting	 with	 painful	 discolored	 fingers	 and	 toes	 and	 coldness	 of
extremities.19	Lithium	may	cause	benign	electrocardiogram	changes,	specifically
T-wave	inversion	with	an	incidence	of	30	percent.3	Lithium	causes	nonspecific
renal	morphologic	 changes	 such	 as	glomerular	 fibrosis	 and	 interstitial	 fibrosis,
nephron	 and	 tubular	 atrophy.20	 Sclerosis	 of	 up	 to	 10–20	 percent	 of	 glomeruli
have	 been	 observed	 in	 some	 patients.	 The	 relationship	 between	 these	 changes
and	 renal	 function	 are	 unknown	 and	 generally	 have	 not	 been	 associated	 with
decreased	renal	function.21	Nevertheless,	it	is	prudent	to	monitor	renal	function
with	chronic	lithium	use.

Lithium	 is	 a	 teratogen	 and	 is	 classified	 as	 pregnancy	 category	D.3	 Lithium
readily	 crosses	 the	 placenta	 and	 fetal	 lithium	 levels	 are	 equal	 to	 that	 of	 the
mother.	 Lithium	 has	 caused	 an	 increased	 risk	 of	 Ebstein’s	 anomaly	 of	 the
tricuspid	 valve	 to	 1:1,000	 from	 1:20,000	 in	 the	 normal	 population.	 Other



lithium-induced	 cardiac	 anomalies	 such	 as	 ventricular	 conduction	 delay	 have
been	reported.22	Teratogenic	effects	seen	with	 lithium	include	Down	syndrome
and	club	 foot.	Lithium	should	not	be	used	 in	 the	 first	 trimester	because	of	 the
highest	 risk	 of	 teratogenic	 effects.23	 If	 lithium	 is	 used	 during	 pregnancy,	 the
lithium	daily	dose	will	have	to	be	increased	due	to	increased	lithium	clearance.
Immediately,	 postpartum	 renal	 clearance	 of	 lithium	 decreases	 to	 prepregnancy
levels,	and	the	lithium	daily	dose	will	have	to	be	reduced.

Lithium	is	a	neurotoxin	and	toxicity	can	be	 life-threatening,	presenting	with
coarse	tremors,	stupor,	seizures,	dysrhythmias,	renal	failure,	coma,	and	death.24
Poor	clinical	outcomes	with	lithium	toxicity	can	be	predicted	by	the	duration	of
lithium	toxic	exposure	and	can	 lead	 to	permanent	basal	ganglia	damage.25	The
syndrome	 of	 irreversible	 lithium-effectuated	 neurotoxicity	 (SILENT)	 describes
irreversible	 neurologic	 and	 neuropsychiatric	 sequelae	 from	 chronic	 lithium
toxicity	 that	 persists	 for	 at	 least	 two	 months	 after	 lithium	 has	 been
discontinued.26	See	Table	10-1	for	concentration-related	toxicities	of	lithium.	In
order	 to	 avoid	 lithium	 toxicity	 patients	 should	 avoid	 scenarios	 that	 cause
dehydration,	 such	 as	 excessive	 sun	 exposure,	 diarrhea,	 vomiting,	 fever,	 and
diaphoresis.	The	 loss	of	 sodium	and	water	will	 lead	 to	 reabsorption	of	 lithium
and	lithium	toxicity.	Patients	should	be	instructed	to	maintain	a	regular	diet	with
special	attention	to	sodium	intake,	drink	8–12	eight-ounce	glasses	of	liquid	daily,
and	maintain	a	daily	fluid	input	at	2,500–3,000	mL.

TABLE
10-1 Concentration-Related	Lithium	Toxicity



BIOAVAILABILITY

Lithium	is	not	available	intravenously,	so	the	syrup	liquid	dosage	form	is	used	to
determine	 bioavailability	 and	 is	 considered	 to	 be	 100	 percent	 bioavailable.
Lithium	 is	 absorbed	 rapidly	 and	achieves	peak	plasma	concentrations	with	 the
liquid	syrup	dosage	form	within	30–60	minutes,	with	immediate-release	tablets
and	 capsules	 in	 1–3	 hours,	 and	 with	 sustained-release	 dosage	 forms	 in	 3–12
hours.3	The	gastrointestinal	absorption	from	immediate-release	dosage	forms	of
lithium	in	tablets,	capsules,	or	syrup	is	95–100	percent,	hence	the	bioavailability
of	lithium	is	1	(F	=	1).27	The	absorption	of	the	sustained	release	dosage	forms	is



60–90	 percent,	 in	 clinical	 practice	 80	 percent	 (F	 =	 0.8)	 may	 be	 used.3	 Food
decreases	 the	peak	plasma	concentrations	of	 lithium	but	 does	not	 decrease	 the
bioavailability	of	lithium.

VOLUME	OF	DISTRIBUTION

Lithium	is	not	protein	bound	and	is	widely	distributed	and	approximately	equal
to	 that	 of	 body	water.	 Lithium	 has	 a	molecular	weight	 of	 74	 daltons	 and	 is	 a
monovalent	 cation.	 Lithium	 distribution	 follows	 a	 two-compartment	 open
pharmacokinetic	model.	Lithium	distributes	rapidly	to	the	central	compartment,
organs	with	a	good	blood	supply	(blood,	heart,	lungs,	liver,	and	kidneys)	and	less
rapidly	 to	 the	 peripheral	 compartments	 (fat,	 skin,	 muscle,	 bone,	 thyroid,	 and
brain).28	The	initial	volume	of	distribution	of	lithium	is	0.2–0.3	L/kg,	and	after
distribution	is	complete	the	final	volume	of	distribution	is	0.7	L/kg.	The	range	of
the	 lithium	 volume	 of	 distribution	 is	 0.6–1.2	 L/kg.	 The	 lithium	 volume	 of
distribution	in	the	elderly	is	20–40	percent	less	due	to	less	total	body	water	and
lean	body	weight.29	The	alpha	(distribution)	half-life	is	6	hours	and	is	complete
in	10	hours.28	Due	to	lithium	following	a	two-compartment	model,	serum	levels
of	lithium	should	be	taken	only	after	distribution	is	complete.

CLEARANCE

Lithium	 is	 not	 metabolized	 and	 is	 almost	 exclusively	 eliminated	 renally	 via
proximal	 tubule.2	 Negligible	 amounts	 of	 lithium	 are	 eliminated	 in	 the	 saliva,
sweat,	and	feces.	Lithium	is	filtered	via	the	glomerular	membrane	and	80	percent
of	 lithium	 is	 reabsorbed	 through	 the	proximal	 tubule.3	 Tubular	 reabsorption	 of
lithium	is	closely	linked	to	sodium.	Lithium	clearance	is	proportional	to	the	GFR
and	renal	blood	flow,	and	in	patients	with	a	normal	sodium	balance	is	25	percent
of	the	creatinine	clearance.30	The	adult	lithium	clearance	is	0.024	L/hr/kg	and	is
reduced	in	the	elderly	to	0.015	L/hr/kg.31

HALF-LIFE



The	alpha	half-life	of	lithium	is	6	hours,	and	the	beta	half-life	is	20–24	hours.3,29
The	 plasma	 half-life	 of	 lithium	 increases	 to	 48	 hours	 in	 patients	 with	 renal
failure.	 The	 time	 to	 achieve	 steady	 state	 with	 lithium	 is	 3–5	 days.	 Although
lithium	 concentrations	 plateau	 at	 steady	 state	 within	 3–5	 days	 allowing	 for
precise	 dosing	 adjustments	 in	 order	 to	 achieve	 target	 lithium	 serum	 levels,
clinicians	should	be	cognizant	that	the	clinical	effects	of	lithium	may	take	up	to
14–21	days.

LITHIUM	BLOOD	SAMPLING

Because	lithium	distribution	follows	a	two-compartment	model,	lithium	plasma
levels	 need	 to	 be	 sampled	 after	 equilibrium	 between	 the	 first	 and	 second
compartments	is	complete.	This	process	generally	takes	8–12	hours	after	the	last
dose.28,29,32	Lithium	levels	may	be	drawn	just	before	 the	first	morning	dose	of
lithium	 and	 at	 least	 8–12	 hours	 after	 the	 last	 evening	 dose,	 which	 is	 a
postabsorption	 and	postdistribution	 level.	 If	 necessary,	 clinicians	may	hold	 the
morning	 lithium	dose	for	several	hours	 in	order	 to	obtain	a	 true	 trough	lithium
level.	 During	 acute	management	with	 lithium,	 serum	 lithium	 levels	 should	 be
monitored	once	or	twice	weekly	and	then	monthly.	When	patients	are	stable	on
chronic	lithium	therapy,	serum	lithium	levels	may	be	taken	every	1–6	months.

DOSAGE	FORMS

Lithium	 is	 available	 in	 immediate-release	 and	 extended-release	 tablets	 and
capsules	 as	 the	 lithium	 carbonate	 salt.	 Lithium	 carbonate	 300	mg	 equals	 8.12
mEq	 of	 the	 lithium	 salt.	 Table	 10-2	 depicts	 the	 lithium	 dosage	 forms	 and
available	strengths.	Lithium	capsules	are	preferred	over	 the	 tablets	because	 the
tablets	 cause	 stomatitis.33	 The	 extended-release	 lithium	 dosage	 forms	 have
several	advantages:	 they	can	be	dosed	 twice	or	 three	 times	daily,	 they	 improve
compliance,	 and	 they	minimize	 toxic	 peaks	 and	 subtherapeutic	 trough	 lithium
levels.2	The	 extended-release	dosage	 forms	 should	not	 be	 crushed,	 chewed,	 or
halved.

TABLE
10-2 Lithium	Dosage	Forms	and	Strengths



Lithium	oral	 solution	 is	available	as	 the	citrate	 salt	 in	a	 syrup	dosage	 form.
Lithium	citrate	is	prepared	with	citric	acid	and	has	a	pH	of	4–5.	It	 is	raspberry
flavored	in	sorbitol	and	available	in	a	concentration	of	300	mg/5	mL.3	In	order	to
minimize	gastrointestinal	distress,	lithium	citrate	should	be	diluted	with	water	or
flavored	 juices.	 Lithium	 citrate	 should	 never	 be	 mixed	 with	 antidepressant	 or
antipsychotic	 liquids,	 especially	 chlorpromazine	because	 it	 forms	 an	 insoluble,
unabsorbable	 citrate	 salt.3	Lithium	citrate	 is	 available	 as	 citrate	 560	mg/5	mL,
which	 is	 equivalent	 to	 300	 mg	 or	 8	 mEq	 of	 lithium	 carbonate.2	 In	 order	 to
prevent	medication	 errors,	 lithium	 liquid	 should	only	be	ordered	 in	milligrams
and	not	milliequivalents.

DOSING

The	product	labeling	for	immediate-release	lithium	carbonate	lists	a	start	dose	of
600	mg	(16	mEq)	three	or	four	times	a	day	or	lithium	extended-release	900	mg
(24	mEq)	twice	daily.	At	these	doses,	50	percent	of	adult	patients	would	develop
lithium	toxicity.	Empiric	dosing	for	 lithium	in	acute	mania	 is	15	mg/kg	or	300
mg	(8	mEq)	three	times	a	day	and	300	mg	(8	mEq)	four	times	a	day	for	larger



patients.	Generally,	for	every	lithium	8	mEq	increase	or	decrease	in	daily	dose,
the	 lithium	 level	 will	 increase	 or	 decrease	 by	 0.3	 mEq/L.28	 Generally,
immediate-	 or	 extended-release	 lithium	 can	 be	 administered	 twice	 daily;
however,	to	decrease	gastrointestinal	and	CNS	adverse	effects	immediate-release
lithium	is	administered	three	to	four	times	a	day.	Although	lithium	may	be	dosed
once	daily,	daily	dosing	achieves	high	peak	plasma	levels	and	is	associated	with
higher	risk	of	CNS	adverse	effects.

DRUG	INTERACTIONS

Thiazide	 diuretics	 may	 decrease	 lithium	 renal	 clearance	 by	 30–70	 percent.34
Despite	 thiazides	 exerting	 their	 diuretic	 effect	 on	 the	 distal	 convoluted	 tubule
and	lithium	excretion	occurring	at	a	different	site	of	the	kidney	in	the	proximal
convoluted	tubule,	the	interaction	occurs	with	a	rapid	onset,	usually	within	days,
and	the	increase	in	lithium	level	is	significant.	Thiazides	cause	sodium	and	water
loss	on	the	distal	convoluted	tubule	of	the	kidney,	and	because	the	kidney	cannot
distinguish	 between	 sodium	 and	 lithium,	 the	 sodium	 loss	 is	 compensated	 by
lithium	reabsorption	 in	 the	proximal	convoluted	 tubule.	Adjustment	 factors	are
the	 fraction	of	 the	usual	dose	or	clearance	 that	would	be	 suggested	when	both
lithium	and	the	interacting	agent	are	used	concomitantly.	The	adjustment	factor
for	 lithium	 with	 thiazide	 diuretics	 is	 0.3–0.75	 depending	 on	 the	 thiazide’s
potency,	 dose,	 and	 duration	 of	 effect.	 Loop	 diuretics	 are	 more	 potent	 in	 their
diureses	 effect	 than	 thiazides;	 however,	 they	 are	 short	 acting	 and	 hence	 less
likely	 to	 interact	 with	 lithium.35	 When	 loop	 diuretics	 are	 administered	 via
continuous	 infusion	 or	 with	 multiple	 daily	 doses	 (three	 or	 four	 times	 a	 day),
significant	 water	 and	 sodium	 depletion	 and	 subsequent	 lithium	 toxicity	 may
occur—these	 combinations	 should	 be	 avoided.	 Osmotic	 diuretics	 such	 as
mannitol,	 urea,	 and	 glycerin	 increase	 lithium	excretion	 and	may	 lower	 lithium
serum	 levels;	 however,	 due	 to	 their	 propensity	 to	 cause	 dehydration,	 lithium
reabsorption	may	occur	and	lead	to	lithium	toxicity.

Angiotensin-converting	 enzyme	 inhibitors	 (ACEIs)	 and	 angiotensin	 II
receptor	 blockers	 (ARBs)	 induce	 sodium	 repletion	 resulting	 in	 lithium
reabsorption	 from	 the	 proximal	 tubule.36	 The	 ACEIs	 increase	 lithium	 serum
levels	by	15–30	percent.37	The	interaction	can	occur	within	days	or	weeks	and
can	 intensify	 after	 dosage	 increases.	 Several	manufactures	 do	 not	 recommend
the	concomitant	use	of	ACEs	and	lithium.	The	adjustment	factor	for	lithium	with



ACEs	or	ARBs	 is	0.87	 for	patients	 less	 than	50	years	old	 and	0.7	 for	patients
over	50	years.34

Nonsteroidal	 anti-inflammatory	 drugs	 (NSAID)	 may	 decrease	 lithium
excretion	and	increase	lithium	serum	levels	by	20–80	percent.34	The	magnitude
of	 the	 interaction	 is	 based	 on	 the	 potency,	 dose,	 and	 duration	 of	 effect	 of	 the
NSAID;	 however,	 significant	 magnitude	 variability	 with	 each	 NSAID	 exists
among	 different	 patients.	 The	 mechanism	 of	 this	 interaction	 is	 due	 to	 the
NSAID-induced	 renal	 inhibition	 of	 vasodilatory	 prostaglandins	 E2	 and	 I2,
decreasing	 hydrostatic	 pressure,	 causing	 sodium	 and	 water	 reabsorption,	 and
subsequent	 lithium	 reabsorption.	 The	 NSAIDs	 that	 cause	 minimal	 renal
prostaglandin	effects	such	as	sulindac,	nabumetone,	and	etodolac	are	not	 likely
to	interact	with	lithium;	however,	it	is	prudent	to	monitor	for	lithium	toxicity	and
serum	levels.38	Additionally,	acetaminophen	and	low-dose	aspirin	do	not	interact
with	 lithium.39	 The	 adjustment	 factor	 for	 lithium	 with	 NSAIDs	 is	 0.2–0.8
depending	 on	 the	 NSAID’s	 potency,	 dose,	 and	 duration	 of	 effect.	 The	 usual
lithium	adjustment	factor	when	usual	doses	of	NSAIDs	are	used	is	0.7	to	0.8.

Theophylline	 and	 aminophylline	 increase	 the	 glomerular	 filtration	 rate	 and
subsequently	 increases	 lithium	clearance	by	20–60	percent.34	 Similar	 increases
on	 lithium	 clearance	 are	 seen	 with	 caffeine,	 sodium-containing	 intravenous
fluids,	 and	 the	 administration	 of	 sodium	 bicarbonate	 intravenously	 or	 orally.40
Cases	 of	 depressive	 and	 manic	 relapse	 have	 occurred	 when	 theophylline
products	 have	 been	 started	 and	 doses	 of	 lithium	have	 not	 been	 increased.	The
adjustment	 factor	 for	 lithium	 with	 theophylline,	 its	 derivatives,	 and	 sodium-
containing	intravenous	fluids	is	1.2	to	1.3.

A	 pharmacodynamic	 interaction	 exists	 between	 lithium	 and	 the
nondihydropyridine	calcium	channel	blockers	(CCB)	verapamil	and	diltiazem.41-
42	 Lithium	 can	 decrease	 the	 calcium	 transport	 into	 cells	 and	 alter	 CNS
neurotransmitter	 secretion;	 it	 is	 plausible	 that	 CCBs	 have	 a	 similar	 effect	 as
lithium	 in	 the	CNS.	 Patients	will	 present	with	 signs	 and	 symptoms	 of	 lithium
toxicity,	 especially	 neurotoxicity	 and	 movement	 disorders	 with	 generally	 no
increases	 in	 lithium	serum	 levels.	The	 interaction	with	 lithium	and	CCBs	does
not	 generally	 occur	 with	 dihydropyridine	 CCBs.43	 Because	 of	 this
pharmacodynamic	interaction,	adjustment	factors	cannot	be	used	in	this	setting.
It	 is	 prudent	 to	 avoid	 lithium	 with	 nondihydropyridine	 CCBs,	 and	 when
administered	concomitantly	clinicians	and	patients	should	carefully	monitor	for
signs	and	symptoms	of	lithium	toxicity.



CASES

CASE	1:	DETERMINING	THE	LITHIUM	MAINTENANCE
DOSE
MS	 is	 a	 43-year-old	 white	 female	 to	 be	 placed	 on	 lithium	 carbonate	 for
refractory	 acute	 mania.	 Her	 serum	 creatinine	 =	 1.1	 mg%.	 Calculate	 a
maintenance	dose	to	achieve	a	steady-state	lithium	serum	level	of	1.5	mEq/L.

Height:	5′6″
Weight:	70	kg

Answer:

Step	1.	Calculate	the	patient’s	creatinine	clearance	and	convert	to	L/hr	by
multiplying	by	0.06.
The	patient’s	creatinine	clearance	is	61.7	mL/minute.

Creatinine	clearance	=	61.7	mL/min	(0.06)
Creatinine	clearance	=	3.7	L/hr

Step	2.	Calculate	the	patient’s	lithium	clearance	using	population	data.
Lithium	clearance	=	0.25(Creatinine	clearance)
Lithium	clearance	=	0.25(3.7	L/hr)
Lithium	clearance	=	0.92	L/hr

The	lithium	clearance	in	this	patient	is	0.92	L/hr.

Step	3.	Calculate	the	maintenance	dose	(MD)	using	the	following	equation:



Step	4.	Convert	lithium	carbonate	milliequivalents	into	the	equivalent
lithium	carbonate	dose	in	milligrams	using	the	following	formula:

The	total	daily	dose	of	lithium	carbonate	may	be	rounded	down	from	1,222.9
mg	daily	to	1,200	mg	daily.	This	patient	will	need	four	capsules	of	300	mg	(8.12
mEq)	lithium	carbonate	daily.

This	patient	may	be	placed	on	any	of	the	following	regimens:
1.	Lithium	carbonate	300	mg:	1	capsule	qid
2.	Lithium	carbonate	300	mg:	2	capsules	bid
3.	Lithium	carbonate	600	mg:	1	capsule	bid

CASE	1A:	DETERMINING	THE	LITHIUM	MAINTENANCE
DOSE	USING	THE	PATIENT’S	ACTUAL	LITHIUM
CLEARANCE



MS	is	on	lithium	carbonate	capsules	600	mg	twice	daily	for	the	past	two	weeks,
and	her	steady	state	 lithium	serum	level	 is	1.9	mEq/L.	She	has	developed	mild
muscle	 twitching,	 hand	 tremor,	 and	 occasional	 confusion.	 Calculate	 a	 new
maintenance	dose	to	achieve	a	steady	state	lithium	serum	level	of	1.5	mEq/L.

Answer:

Step	1.	Calculate	the	patient’s	actual	lithium	clearance,	and	compare	it	to
the	patient’s	lithium	clearance	that	was	determined	using	population
lithium	clearance	data.

The	patient’s	actual	lithium	clearance	is	0.71	L/hr	versus	the	patient’s	lithium
clearance	of	 0.92	L/hr	 that	was	determined	using	population	 lithium	clearance
data.	The	slower	lithium	clearance	explains	why	the	original	maintenance	dose
yielded	a	high	and	 toxic	 lithium	level	of	1.9	mEq/L	rather	 than	 the	1.5	mEq/L
target	lithium	level.

Step	2.	Calculate	the	new	maintenance	dose	using	the	patient’s	actual
lithium	clearance	using	the	following	maintenance	dose	equation:



Step	3.	Convert	lithium	carbonate	milliequivalents	into	the	equivalent
lithium	carbonate	dose	in	milligrams	using	the	following	formula:

The	total	daily	dose	of	 lithium	carbonate	may	be	rounded	down	from	945.8
mg	daily	to	900	mg	daily.	This	patient	will	need	three	capsules	of	300	mg	(8.12
mEq)	lithium	carbonate	daily.

This	patient	may	be	placed	on	any	of	the	following	regimens:
1.	Lithium	carbonate	300	mg:	1	capsule	tid
2.	Lithium	carbonate	150	mg	:	3	capsules	bid

CASE	2:	LITHIUM	DRUG-DRUG	INTERACTION	WITH
THIAZIDE	DIURETICS
AA	is	a	52-year-old	Hispanic	male,	who	is	stable	on	lithium	carbonate	300	mg
tid	for	acute	bipolar	disorder.	His	steady-state	lithium	serum	level	is	at	target	at



1.5	 mEq/L.	 AA	 is	 diagnosed	 with	 hypertension	 and	 is	 to	 be	 placed	 on
chlorthalidone	 25	 mg	 daily.	 Do	 you	 need	 to	 adjust	 the	 lithium	 maintenance
dose?

Answer:
Chlorthalidone	is	a	thiazide	diuretic	that	decreases	the	renal	clearance	of	lithium
by	30	percent	and	may	cause	lithium	toxicity.	The	adjustment	factor	for	thiazide
diuretics	is	0.3–0.75,	depending	on	the	thiazide’s	potency,	dose,	and	duration	of
effect.	The	average	thiazide	adjustment	factor	is	0.7.	Chlorthalidone	25	mg	daily
is	 the	 recommended	 average	 daily	 dose	 and	 has	 a	 24-	 to	 72-hour	 duration	 of
effect.	The	 lithium	dose	should	be	adjusted	using	 the	adjustment	 factor	of	0.7.
The	patient	should	also	be	counseled	to	monitor	for	the	signs	and	symptoms	of
lithium	toxicity.

The	lithium	maintenance	dose	should	be	adjusted	by	a	factor	of	0.7	using	the
following	formula:

The	 new	 lithium	 carbonate	 dose	 for	 this	 patient	 is	 300	mg	 twice	 daily	 and
takes	into	account	the	decreased	renal	clearance	of	lithium	by	chlorthalidone.

CASE	3:	LITHIUM	DRUG-DRUG	INTERACTION	WITH



THIAZIDE	DIURETICS	PLUS	NONSTEROIDAL	ANTI-
INFLAMMATORY	DRUGS	(NSAID)
BB	47-year-old	white	male,	who	 is	 stable	on	 lithium	carbonate	300	mg	 tid	 for
acute	bipolar	disorder.	His	steady	state	lithium	serum	level	is	1.5	mEq/L.	BB	is
to	be	placed	on	hydrochlorothiazide	12.5	mg	 twice	daily	and	 indomethacin	25
mg	tid.	Do	you	need	to	adjust	the	lithium	maintenance	dose?

Answer:
Hydrochlorothiazide	 is	 a	 thiazide	diuretic	 that	 decreases	 the	 renal	 clearance	of
lithium	by	30	percent	(adjustment	factor	is	0.7).	Indomethacin	is	a	highly	potent
NSAID	and	decreases	lithium	clearance	by	30	percent	(adjustment	factor	is	0.7).
However,	indomethacin	inhibits	renal	vasodilatory	prostaglandins	and	blocks	the
diuretic	 effect	 of	 hydrochlorothiazide,	 thus	 negating	 the	 drug-drug	 interaction
between	hydrochlorothiazide	and	lithium.

The	 new	 lithium	 carbonate	 dose	 for	 this	 patient	 is	 300	mg	 twice	 daily	 and
takes	into	account	the	decreased	renal	clearance	of	lithium	by	indomethacin.

CASE	4:	LITHIUM	DRUG-DRUG	INTERACTION	WITH



THIAZIDE	DIURETICS	PLUS	NSAIDs
CC	is	a	39-year-old,	90	kg,	male,	who	is	stable	on	lithium	carbonate	300	mg	tid,
with	 a	 steady-state	 lithium	 level	 of	 1.5	 mEq/L.	 CC	 is	 to	 be	 placed	 on
chlorthalidone	 25	 mg,	 and	 sulindac	 150	 mg	 bid.	 Do	 you	 need	 to	 adjust	 the
lithium	maintenance	dose?

Answer:
Chlorthalidone	 decreases	 renal	 clearance	 of	 lithium	 by	 30	 percent	 (adjustment
factor	 is	 0.7).	 Sulindac	 is	 an	NSAID	 that	may	 spare	 the	 kidneys	 and	may	 not
cause	 sodium	 and	 water	 retention,	 thus	 limiting	 the	 potential	 for	 a	 drug
interaction	 with	 lithium	 (adjustment	 factor	 is	 0)	 or	 with	 chlorthalidone.
Heightened	 monitoring	 for	 lithium	 toxicity	 is	 recommended	 with	 sulindac
therapy;	however,	no	dosing	adjustments	need	to	be	made.

The	 new	 lithium	 carbonate	 dose	 for	 this	 patient	 is	 300	mg	 twice	 daily	 and
takes	into	account	the	decreased	renal	clearance	of	lithium	by	chlorthalidone.

CASE	5:	LITHIUM	DRUG-DRUG	INTERACTION	WITH
NSAIDS	PLUS	ASPIRIN



JJ	 is	 42-year-old	 male	 and	 stable	 on	 lithium	 carbonate	 300	 mg	 tid,	 with	 a
steady-state	lithium	level	of	1.5	mEq/L.	JJ	is	to	be	placed	on	ibuprofen	400	mg
twice	 daily	 and	 aspirin	 81	 mg	 daily.	 Do	 you	 need	 to	 adjust	 the	 lithium
maintenance	dose?

Answer:
Ibuprofen	 is	 an	NSAID	 and	 inhibits	 renal	 prostaglandins	 to	 cause	 sodium	 and
water	 retention	 and	 decreases	 the	 renal	 clearance	 of	 lithium	 by	 20–30	 percent
(ibuprofen	adjustment	factor	is	0.8).	Aspirin	at	high	doses	greater	than	2	g	daily
may	cause	sodium	and	water	retention;	however,	lower	doses	such	as	the	doses
used	 for	 acute	 coronary	 syndromes	 and	 stroke	 prevention	 (doses	 below	 325
mg/daily)	 do	 not	 alter	 lithium	 clearance,	 and	 hence	 the	 low-dose	 aspirin
adjustment	factor	 is	0.	In	 this	case	only	the	ibuprofen	adjustment	factor	should
be	utilized	to	determine	the	new	lithium	dose.

The	new	lithium	carbonate	dose	for	this	patient	is	300	mg	in	the	morning	and
450	mg	 in	 the	evening	and	 takes	 into	account	 the	decreased	 renal	clearance	of
lithium	by	ibuprofen.
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CHAPTER 	11
Long-Acting	Injectable	Antipsychotics

MICHAEL	BIGLOW,	BS,	PharmD,	BCPS,	BCPP
MEGAN	FLINCHUM,	PharmD,	BCPS

DRUG	CLASS	OVERVIEW

Antipsychotics	 are	 the	 mainstay	 of	 drug	 treatment	 for	 the	 management	 of
schizophrenia	 and	 other	 psychotic	 disorders.	 The	 mechanism	 of	 action	 of	 the
medication	 depends	 on	 the	 type	 of	 antipsychotic	 with	 the	 older	 “typical”
antipsychotics	focusing	on	the	antagonism	of	postsynaptic	dopamine	type-2	(D2)
receptors.	The	newer	“atypical”	drugs	antagonizing	both	D2	and	serotonin	type-
2A	 receptors	elicit	 a	 comparable	antipsychotic	effect	but	with	 the	potential	 for
lessening	 iatrogenic	 movement	 disorders	 and	 improving	 negative	 symptoms
(e.g.,	 anhedonia,	 flattened	 affect,	 cognitive	 impairment).1	 The	 option	 of	 using
depot	 formulations	 of	 these	 medications	 allows	 for	 a	 number	 of	 benefits
including	 consistent	 drug	 delivery,	 assured	 patient	 compliance,	 predicable
bioavailability,	 and	 avoidance	of	 intentional	 or	 accidental	 overdose.2	 Available
depot	 formulations	 exist	 for	 the	 typical	 antipsychotics	 haloperidol	 and
fluphenazine	 and	 the	 atypical	 antipsychotics	 risperidone,	 paliperidone,	 and
olanzapine.	 Dosing	 parameters	 vary	 due	 to	 different	 drug	 release	mechanisms
and	 intended	 time	 to	 response.	 (see	Table	11-1)	Their	 role	 in	 therapy	has	been
established	 and	 they	 are	 recommended	 for	 patients	 who	 would	 prefer	 this
method	of	 treatment	with	 the	 simplification	of	medication	administration,	who
have	 a	 history	 of	 relapse	 due	 to	 noncompliance,	 and	 when	 avoiding
noncompliance	is	a	clinical	priority.2-4	Although	patients	on	depot	antipsychotics
receive	treatment	on	a	more	consistent	and	monitored	basis,	data	are	still	limited
on	 whether	 depot	 injections	 reduce	 relapse	 rates	 or	 long-term	 adverse	 drug
events	compared	to	oral	antipsychotics.5,6



TABLE
11-1 Dosing	Parameters	of	Long-Acting	Injectable	Antipsychotics

TYPICAL	ANTIPSYCHOTICS

HALOPERIDOL	AND	FLUPHENAZINE
Haloperidol	 and	 fluphenazine	 are	 the	 two	 typical,	 or	 first-generation,
antipsychotics	 available	 in	 a	 long-acting	 injectable	 form.	Both	 are	 synthesized
via	esterification	to	a	long	chain	fatty	acid,	decanoate.	Previously,	ethanate	had
been	utilized	as	a	lipid	chain	for	fluphenazine	but	this	formulation	is	no	longer
available	 in	 the	United	States.	The	esters	are	 then	dissolved	 in	purified	sesame
oil	 for	 final	 preparation	 in	 the	 standard	 concentrations	 of	 50	mg/mL	 and	 100
mg/mL	for	haloperidol	decanoate	and	25	mg/mL	for	fluphenazine	decanoate.7,8,9
After	 intramuscular	 injection,	 the	 availability	 of	 the	 drug	 is	 presumed	 to	 be
dependant	on	diffusion	from	the	sesame	oil	because	it	has	been	observed	that	the
hydrolysis	of	the	ester	is	rapid	and	enzymatically	mediated.	The	free	drug	is	then
allowed	to	pass	through	the	blood	brain	barrier	and	elicit	its	antipsychotic	effect
(see	 Figure	 11-1).	 Since	 the	 elimination	 rate	 constant	 remains	 the	 same	 after
conversion	to	active	drug,	the	absorption	rate	constant	is	the	rate-limiting	kinetic



step,	which	has	been	described	as	a	“flip-flop”	kinetics	model.10	Therefore,	the
time	to	steady-state	concentration	is	dependent	on	the	absorption	and	could	take
as	long	as	3	months	to	achieve.

FIGURE	11-1.	Disposition	of	depot	antipsychotics.	Source:	Jann	MW,	Ereshefsky	L,	Saklad	SR.	Clinical
pharmacokinetics	of	the	depot	antipsychotics.	Clin	Pharmacokinet.	1985;10(4):315–333.



Therapeutic	Concentrations
Therapeutic	 plasma	 concentrations	 for	 both	 haloperidol	 and	 fluphenazine	 have
been	proposed,	ranging	from	5–14	ng/mL	for	haloperidol	and	<0.15–0.5	ng/mL
for	 fluphenazine,	 but	 routine	 monitoring	 is	 not	 an	 established	 practice	 due	 to
wide	 patient	 variability	 in	 response.9,10,11	 A	 linear	 correlation	 between
haloperidol	 decanoate	 dose	 and	 steady-state	 plasma	 concentration	 has	 been
established	with	a	linear	regression	equation9:

Plasma	concentration	(ng/mL)	=	0.0291	×	haloperidol	decanoate
dose	(mg/month)

Effective	doses	generally	require	60–80	percent	of	postsynaptic	D2	 receptors
to	be	antagonized,	with	lower	percentages	being	less	effective,	except	in	the	case
of	clozapine,	and	higher	percentages	being	more	associated	with	extrapyramidal
symptoms	(EPS).12,13

Bioequivalence	to	Oral	Therapy
Due	 to	 the	 nature	 of	 the	 route	 of	 drug	 administration,	 depot	 administration
bypasses	 oral	 absorption	 variability	 and	 first-pass	 or	 other	 predistribution
metabolism.	The	conversion	of	stabilized	patients	 to	haloperidol	decanoate	can
utilize	a	 loading	dose	of	20	times	 the	daily	oral	dose	for	 the	first	 injection	and
10–15	times	the	oral	dose	for	subsequent	doses,	or	the	prescriber	can	opt	to	give
10–15	 times	 the	 oral	 dose	 but	 it	 is	 recommended	 to	 continue	 the	 oral	 dose	 of
haloperidol	for	at	 least	seven	days.	Fluphenazine	decanoate	is	recommended	to
be	dosed	at	12.5–25	mg	initially	although	a	conversion	ratio	has	been	calculated
at	 1.6	 times	 the	 daily	 oral	 dose	 being	 equivalent	 to	 the	 intramuscular
fluphenazine	 decanoate	 requirement	 in	 mg/week	 but	 this	 conversion	 is	 rarely
utilized.10

Clearance
Both	medications	undergo	extensive	hepatic	metabolism	with	single-dose	kinetic
studies	 showing	 that	 after	 an	 initial	 peak	 within	 24–48	 hours,	 fluphenazine
follows	 first-order	 elimination	 kinetics	 with	 an	 apparent	 half-life	 of	 6.8–9.6
days,	which	increases	to	14	days	after	multiple	injections.	Haloperidol	decanoate
has	 a	 peak	 after	 7	 days	 (range	 3–9	 days)	 and	 is	 noted	 to	 have	 a	 half-life	 of
approximately	3	weeks.9,10



ATYPICAL	ANTIPSYCHOTICS

RISPERIDONE
The	 first	 atypical	or	 second-generation	antipsychotic	 to	be	available	 in	a	 long-
acting	 injectable	 (LAI)	 formulation	 is	 risperidone.	 It	 differs	 significantly	 from
the	 first	 depot	 injections	 in	 that	 it	 is	 an	 aqueous	 formulation	 containing	 drug
microencapsulated	 in	 a	 polylactide-co-glycolide	 (PLGA)	 polymer.14	 The
polymer	 slowly	hydrolyzes,	 releasing	 the	drug	 in	a	 slow	but	 steady	absorption
pattern	 with	 clinically	 significant	 plasma	 levels	 of	 risperidone	 and	 its	 active
metabolite,	paliperidone	(9-hydroxyrisperidone),	developing	in	3	weeks.

Therapeutic	Concentration
After	initial	drug	release,	plasma	concentration	of	risperidone	continues	to	rise,
reaching	CMAX	 in	 4–5	 weeks	 and	 lasting	 up	 to	 7	 weeks.	 This	 delay	 in	 drug
absorption	after	the	first	injections	necessitates	the	need	for	oral	overlap	for	the
first	 3	 weeks,	 although	 some	 practitioners	 would	 recommend	 covering	 for	 at
least	 6	 weeks	 or	 after	 four	 injections	 to	 ensure	 the	 subject	 is	 at	 steady	 state.
Kinetic	studies	(see	Table	11-2)	have	shown	that	oral	doses	of	2	mg,	4	mg,	and	6
mg	daily	are	equivalent	to	25	mg,	50	mg,	and	75	mg	of	long-acting	risperidone
every	2	weeks,	respectively,	but	current	dosing	conversion	recommendations	are
25	mg,	37.5	mg,	and	50	mg	every	2	weeks	based	on	dose-repsonse	studies.15

TABLE
11-2

Steady-State	Pharmacokinetics	and	Bioavailability	of	Long-
Acting	Risperidone	Injection	and	Oral	Risperidonea



aCMAX	=	maximum	plasma	drug	concentration,	CMIN	=	minimum	plasma	drug	concentration,	AUC	=
area	under	the	concentration-versus-time	curve.
bLeast	squares	means	(log	transformed).
Source:	Eerdekens	M,	Van	Hove	I,	Remmerie	B,	Mannaert	E.	Pharmacokinetics	and	tolerability	of	long-
acting	risperidone	in	schizophrenia.	Schizophr	Res.	2004;70(1):91–100.



Bioequivalence	to	Oral	Therapy
Bioequivalent	 conversion	 from	 oral	 to	 risperidone	 LAI	 as	 noted	 already	 has
shown	a	 slight	 decrease	 in	AUC	with	 an	 IM	 to	oral	 ratio	 ranging	 from	88–94
percent	as	the	dose	increases	from	25	mg	to	75	mg.15

Clearance
As	 the	 drug	 is	 released	 from	 the	 polymer	matrix	 the	 pharmacokinetics	 of	 oral
and	 long-acting	 risperidone	 are	 similar.	 The	 metabolism	 of	 risperidone	 to	 9-
hydroxyrisperidone	 is	mediated	 via	 cytochrome	 P-450	 (CYP)	 isoenzyme	 2D6.
Due	to	the	difference	in	drug-release	mechanism,	the	half-life	of	risperidone	LAI
is	increased	from	3	hours	to	4–6	days.19

PALIPERIDONE
Paliperidone	 is	 another	 atypical	 antipsychotic	 developed	 into	 a	 long-acting
injection	 formulation.20	 However,	 the	 formulation	 of	 paliperidone	 palmitate
differs	 from	 the	 long-acting	 injection	 formulation	 of	 risperidone.	 Paliperidone
palmitate	 is	 an	 extended-release	 aqueous-based	 nanosuspension,	 whereas
risperidone	has	the	unique	microsphere	formulation.21,14

Paliperidone	palmitate	has	a	low	solubility	and	allows	for	an	extended-release
injectable	product.21	The	isotonic	aqueous	buffer	in	which	the	drug	is	suspended
penetrates	muscle	tissue	and	leaves	a	collection	paliperidone	palmitate	particles
locally	 at	 the	 injection	 site.21,22	 The	 drug	 particles	 dissolve	 slowly	 and	 are
hydrolyzed	 into	 paliperidone	 and	 palmitic	 acid	 exhibiting	 biphasic	 absorption
into	systemic	circulation.21	The	extended-release	profile	 is	 a	direct	 function	of
the	paliperidone	palmitate	particle	size,	which	is	controlled	by	the	wet	grinding
manufacturing	process	to	increase	surface	area.21

Therapeutic	Concentration
Paliperidone	palmitate	is	initiated	with	a	234	mg	injection	on	Day	1,	and	a	156
mg	 injection	 on	 Day	 8	 with	 monthly	 injections	 thereafter.22	 A	 paliperidone
plasma	concentration	of	7.5	ng/mL,	 the	 threshold	 for	 antipsychotic	 efficacy,	 is
generally	 reached	within	one	week	after	 the	 first	 injection.23	However,	 plasma
concentrations	 do	 not	 approach	 the	 CMAX	 of	 19	 ng/mL	 until	 Day	 13	 after
paliperidone	 palmitate	 initiation.21	 Due	 to	 its	 biphasic	 release	 pattern,
supplemental	oral	antipsychotic	doses	are	not	recommended	once	the	first	dose



of	 paliperidone	 palmitate	 is	 administered.22,23	 Previous	 kinetic	 studies	 have
shown	 that	 monthly	 intramuscular	 paliperidone	 palmitate	 plus	 daily	 oral
paliperdone	 doses	 of	 6	mg	 or	 12	mg	 daily	 results	 in	 a	 CMAX	 range	 of	 55–80
ng/mL.22	 Daily	 doses	 of	 3	 mg,	 6	 mg,	 and	 12	 mg	 are	 equivalent	 to	 monthly
intramuscular	 paliperidone	 palmitate	 doses	 of	 39	mg/78	mg,	 117	mg,	 and	 234
mg,	respectively.20

Bioequivalence	to	Oral	Therapy
Various	kinetic	trials	have	shown	that	median	peak	concentrations	are	28	percent
higher	 after	 the	 first	 injection	 into	 the	deltoid	muscle,	 compared	 to	 the	gluteal
muscle,	 which	 is	 most	 likely	 due	 to	 general	 anatomy	 of	 each	 site	 with	 more
muscle	 and	 less	 adipose	 tissue	 within	 the	 deltoid.20,22	 For	 this	 reason,	 it	 is
recommended	to	initiate	paliperidone	palmitate	in	the	deltoid	muscle	to	achieve
therapeutic	concentrations	more	rapidly.22	However,	 the	overall	AUC	 resulting
from	both	injection	sites	are	within	comparable	ranges.22	So	when	administering
maintenance	injections,	it	is	acceptable	to	rotate	injection	sites.22

Bioequivalent	 doses	 of	 daily	 oral	 paliperidone	 to	 monthly	 intramuscular
paliperidone	palmitate	are	as	mentioned	previously.	 It	 is	 important	 to	note	 that
156	mg	of	paliperidone	palmitate	is	equivalent	to	100	mg	of	active	paliperidone.
See	 Table	 11-3	 for	 equivalency	 conversions	 from	 long-acting	 intramuscular
risperidone	to	paliperidone	palmitate.23

TABLE
11-3

Recommended	Maintenance	Equivalent	Dose	Conversions
from	Long-Acting	IM	Risperidone	to	IM	Paliperidone
Palmitate



Source:	National	Drug	Monograph.	Paliperidone	palmitate	[package	inserts]	(Invega	Sustenna).	June	2010.

Clearance
Paliperidone	 (active	 drug)	 undergoes	 hydroxylation,	 dehydrogenation,	 and
benzisoxazole	scission.22	 It	 has	minimal	 involvement	with	CYP	2D6	 and	 3A4
isoenzymes,	 and	 is	 primarily	 eliminated	 renally.20	 Due	 to	 the	 drug	 release
mechanism	of	the	long-acting	injection	of	paliperidone,	the	half-life	is	increased
from	23	hours	to	25–46	days.20

OLANZAPINE
Olanzapine	 pamoate	 monohydrate	 is	 a	 long-acting	 antipsychotic	 injection,
specifically	 a	 salt-based	 depot	 combining	 olanzapine	 and	 pamoic	 acid.24	 This
salt	is	poorly	soluble,	and	its	slow	dissolution	at	the	gluteal	muscle	injection	site
provides	the	mechanism	for	prolonged	systemic	absorption	of	olanzapine.24,25

Therapeutic	Concentration
Upon	 intramuscular	 administration	 of	 olanzapine	 pamoate,	 the	 continuous
dissolution	of	the	salt	begins	immediately.	A	measurable	serum	concentration	is
reached	within	minutes	 to	 hours	 of	 intramuscular	 injection.24	 Supplementation
with	concurrent	oral	antipsychotic	medication	is	not	necessary	due	to	the	salt’s
quick	 dissolution	 process.	 Therapeutic	 serum	 concentrations	 are	 generally
reached	within	the	first	week	of	initiation	and	steadily	decline	over	the	next	few



weeks	allowing	for	2-	or	4-week	dosing.24,25	Once	olanzapine	pamoate	reaches
steady	 state,	 plasma	 concentrations	 can	 range	 from	 5	 mg/mL	 to	 73	 mg/mL,
which	 is	 equivalent	 to	 oral	 administration	 of	 olanzapine	 5	mg	 to	 20	mg	 once
daily.24,25

Bioequivalence	to	Oral	Therapy
Intramuscular	 injection	of	olanzapine	pamoate	300	mg	every	2	weeks	delivers
approximately	20	mg	of	olanzapine	per	day,	and	150	mg	of	olanzapine	pamoate
every	2	weeks	delivers	approximately	10	mg	per	of	olanzapine	daily.25	Refer	to
Table	 11-4	 for	 conversion	 dosing	 from	 oral	 to	 long-acting	 injection	 of
olanzapine.25

TABLE
11-4 Recommended	Dose	Conversion	from	Oral	to	LAI	Olanzapine

Source:	National	Drug	Monograph.	Paliperidone	palmitate	[package	inserts]	(Invega	Sustenna).	December
2010.

Postinjection	Delirium/Sedation	Syndrome



Postinjection	delirium	and	sedation	syndrome	(PDSS)	is	a	serious	adverse	event
that	 occurs	 following	 approximately	 0.7	 percent	 of	 all	 long-acting	 olanzapine
injections.24	The	symptoms	of	this	postinjection	syndrome	are	consistent	with	an
olanzapine	 overdose,	 and	 generally	 appear	within	 3	 hours	 of	 administration.24
Observed	symptoms	of	PDSS	include	sedation	(ranging	from	mild	in	severity	to
coma)	 and/or	 delirium	 (including	 confusion,	 disorientation,	 agitation,	 anxiety,
and	 other	 cognitive	 impairment),	 extrapyramidal	 symptoms,	 dysarthria,	 ataxia,
aggression,	 dizziness,	 weakness,	 hypertension,	 and	 convulsion.25	 Most
olanzapine	 concentrations	 during	 a	 postinjection	 syndrome	 event	 have	 been
found	to	exceed	100	ng/mL;	some	cases	report	concentrations	reaching	over	600
ng/mL.24	 Various	 factors	 have	 been	 investigated	 and	 excluded	 as	 possible
mechanisms	 for	 this	 reaction,	 such	 as	 product	 quality	 issues,	 errors	 in
reconstitution,	and	inappropriate	dosing	and	administration.24

Evidence	 indicates	 that	 the	mechanism	 of	 the	 overdose-like	 presentation	 of
PDSS	is	a	likely	result	of	a	more	rapid	than	intended	dissolution	of	olanzapine
within	hours	of	intramuscular	administration.	Simply	stated,	an	amount	of	drug
is	 inadvertently	 injected	 intravenously	 (refer	 to	 Figure	 11-2).24	 Olanzapine
pamoate	solubility	in	plasma	is	substantially	higher	than	in	the	extracellular	fluid
surrounding	muscle	tissue.24	However,	even	in	the	plasma,	the	pamoate	salt	must
still	 separate	 into	 active	 olanzapine	 and	 pamoic	 acid.	 Thus,	 the	 overdose-like
symptoms	do	not	occur	 immediately	upon	 injection,	but	 rather	1–3	hours	after
administration.24

FIGURE	11-2.	Illustration	of	proposed	mechanism	for	olanzapine	LAI	distribution	after	vessel	damage	by
nicking.	The	figure	 illustrates	 the	proposed	mechanism	for	distribution	of	 the	olanzapine	LAI	suspension
during	a	PDSS	event.	The	 first	panel	depicts	 the	 tip	of	 the	 syringe	needle	piercing	 the	wall	of	 the	blood
vessel	situated	within	the	muscle	bed.	In	the	second	panel,	the	medication	has	been	injected	into	the	muscle



tissue	and	is	leaking	into	the	blood	vessel	through	the	punctured	vessel	wall.	Source:	McDonnell	DP,	et	al.
Post-injection	 delirium/sedation	 syndrome	 in	 patients	 with	 schizophrenia	 treated	 with	 olanzapine	 long-
acting	injection,	II:	investigations	of	mechanism.	BMC	Psychiatry.	2010;10:45

The	timing	of	the	overdose-like	symptoms	and	their	resolution	have	appeared
to	 correspond	 to	 the	 concentration-time	 profile,	 with	 symptoms	 resolving	 and
olanzapine	 concentrations	 decreasing	 to	 therapeutic	 ranges	 within	 24	 to	 72
hours.24,25	 The	 maximum	 plasma	 concentrations	 during	 PDSS	 have	 not	 been
found	to	clearly	correlate	with	the	dose	of	olanzapine	pamoate	given.24

Clearance
The	major	metabolic	pathways	for	olanzapine	include	direct	glucuronidation	and
CYP	450	mediated	oxidation.25	Studies	have	suggested	that	CYP	1A2	and	2D6
are	 the	 oxidation	 enzymes	 for	 olanzapine,	 2D6	 being	 the	 minor	 pathway.25,25
This	was	 determined	 because	 patients	 lacking	 this	 enzyme	 do	 not	 have	 issues
adequately	clearing	olanzapine.	The	approximate	half-life	of	olanzapine	pamoate
is	30	days,	compared	to	the	oral	formulation,	which	is	approximately	30	hours.25

CASES

CASE	1
LE	is	a	26-year-old	male	with	a	4-year	history	of	schizophrenia	admitted	to	the
acute	psychiatric	unit	for	recent	decomposition	with	auditory	hallucinations	and
paranoid	delusions.	LE’s	caregiver	notes	 that	he	has	not	 taken	medications	 for
the	past	2	weeks	and	has	a	history	of	hospitalizations	due	to	noncompliance.	He
is	currently	on	haloperidol	3	mg	po	BID.	After	3	days	on	the	unit,	LE	begins	to
take	medications	and	the	psychiatrist	places	him	on	a	new	dose	of	5	mg	po	BID
with	 the	option	 for	 converting	 to	LAI.	LE	opts	 for	 haloperidol	 decanoate.	The
psychiatrist	 asks	 for	 options	 on	 the	 proper	 dosing	 practices	 of	 haloperidol
decanoate.
Calculate	a	regimen	utilizing	a	loading	dose	and	maintenance	dose	based	on

LE	new	oral	regimen	as	well	as	a	regimen	without	a	loading	dose.

Answer:
Loading	dose	regimen:



Oral	dose:	5	mg	po	BID	=	10	mg/day
Conversion	to	LAI:	1	mg	oral	haloperidol	per	day	=	20	mg	IM
haloperidol	decanoate	×	1	dose,	then	10–15	mg	IM	haloperidol

decanoate	q4weeks
10	mg	oral	haloperidol	×	20	=	200	mg	haloperidol	decanoate	IM	×	1

10	mg	oral	haloperidol	×	10–15	=	100–150	mg	haloperidol
decanoate	IM	q4weeks

The	 conversion	 factor	 of	 20	 times	 the	 daily	 haloperidol	 dose	 closely
approximates	 optimal	 plasma	 levels,	 taking	 into	 account	 the	 reported
bioavailability	 of	 haloperidol	 (60–70%),	 but	 subsequent	 doses	 can	 increase
plasma	concentrations	greater	than	twice	that	of	oral	therapy.	So	a	dose	reduction
to	10	to	15	times	that	of	the	oral	regimen	is	recommended.9,16-18

Nonloading	dose	regimen:

Conversion	to	LAI:	1	mg	oral	haloperidol	per	day
=	10–15	mg	IM	haloperidol	decanoate	q4	weeks	plus	oral

haloperidol	5	mg	po	BID	×	7	days
10	mg	oral	haloperidol	×	10–15	=	100–150	mg	haloperidol
decanoate	IM	q4week	+	haloperidol	5	mg	po	BID	×	7	days

Given	that	the	time	to	peak	for	haloperidol	decanoate	is	7	days,	it	is	generally
recommended	 to	 continue	 oral	 medication	 for	 at	 least	 a	 week	 to	 ensure
appropriate	plasma	concentrations	in	the	interim.

QUESTION

Given	 that	 the	 psychiatrist	 chose	 to	 give	 LE	 the	 100	 mg	 dose,	 what	 is	 the
expected	plasma	concentration	after	4	months	of	therapy?

Answer:

This	concentration	is	twice	the	proposed	upper	limit	of	normal	for	the	proposed
therapeutic	 range	 for	 haloperidol	 placing	 the	 patient	 at	 high	 risk	 for	 EPS	 but
reflects	the	interpatient	variability	in	treatment	response.	Efforts	should	be	made



to	determine	the	lowest	effective	dose	for	all	patients.

CASE	2
MJ	 is	 a	 45-year-old	 female	 with	 a	 long	 history	 of	 schizoaffective	 disorder,
controlled	on	risperidone	3	mg	po	bid.	MJ	notes	that	she	heard	about	the	long-
acting	 injectable	 formulation	 of	 risperidone	 and	 would	 like	 to	 change	 her
regimen.

QUESTION	1
What	regimen	would	you	recommend	for	converting	MJ	to	risperidone	LAI?

Answer:
Initiate	risperidone	LAI	50	mg	IM	q2	weeks.	Continue	oral	therapy	×	3	weeks.

As	noted	before,	kinetic	profiles	do	show	that	6	mg/day	of	oral	risperidone	is
equivalent	 to	 75	 mg	 of	 the	 LAI,	 but	 dose-response	 studies	 show	 a	 better
correlation	with	the	50	mg	dose.	Also,	due	to	the	formulation	of	the	injectable,
oral	 therapy	has	 to	be	continued	for	at	 least	3	weeks	after	 the	 first	 injection	 in
order	to	ensure	adequate	plasma	concentration	and	prevent	inadvertent	relapse.

QUESTION	2
MJ	returns	for	a	routine	checkup	with	no	reports	of	psychotic	features	but	does
complain	 of	 worsening	 symptoms	 of	 depression.	 The	 psychiatrist	 initiates
paroxetine	20	mg	po	daily.	Three	weeks	later,	MJ	returns	reporting	no	change	in
mood	and	noticeable	tremors	and	complaints	of	restlessness.	What	could	explain
MJ’s	new	onset	adverse	effects?	What	measures	could	be	taken	to	resolve	them?

Answer:
This	 situation	 is	 a	 case	 of	CYP	2D6	drug-drug	 interaction	between	paroxetine
and	 risperidone.	 Paroxetine	 is	 a	 potent	 2D6	 inhibitor	 and	 depending	 on	 the
subject’s	 2D6	 metabolic	 phenotype	 (e.g.,	 ultra-rapid,	 extensive,	 intermediate,
poor)	 can	 cause	 significant	 side	 effects.	 Clearance	 rates	 of	 risperidone	 can	 be
reduced	by	as	much	as	36	percent	 if	a	subject’s	phenotype	 is	changed	from	an



extensive	 metabolizer	 to	 a	 poor	 metabolizer.19	 Also,	 the	 inhibition	 of	 2D6
prevents	 the	 conversion	 to	 9-hydroxyrisperidone,	 which	 can	 impact	 patient
response	 to	 the	 medication.	 In	 this	 case,	 MJ	 has	 developed	 two	 movement
disorders,	pseudoparkinsonism	and	akathisia,	an	extreme	restlessness	caused	by
antipsychotics.

In	this	case	two	options	are	available:

•			Change	the	dose	of	risperidone	LAI:	Recommend	reducing	dose	to	37.5
mg.

•			Change	paroxetine	to	a	different	antidepressant	without	2D6	inhibition:
Recommend	switching	to	citalopram	20	mg	po	daily.

The	preferred	option	depends	on	patient	response	to	the	antidepressant.	Since
3	weeks	have	passed	and	MJ	does	not	endorse	any	change	in	mood,	possibly	due
to	 lack	 of	 efficacy	 of	 paroxetine	 or	 new	 onset	 adverse	 drug	 effects,	 a	 prudent
approach	would	be	to	change	the	antidepressant.

CASE	3
JK	is	a	57-year-old	male,	with	a	history	of	chronic	schizophrenia	controlled	on
fluphenazine	decanoate	25	mg	IM	q2weeks	for	the	past	three	years,	reporting	to
his	new	psychiatrist	for	increasing	paranoia	over	the	past	2	months.	JK	recently
moved	from	another	state	and	reports	increased	stress	and	is	concerned	that	the
fluphenazine	 doses	 that	 he	 is	 receiving	 from	 his	 new	 home	 care	 nurse	 is	 not
working.	JK	has	a	history	of	hypertension	for	which	he	takes	amlodipine	5	mg
po	daily	and	reports	that	he	started	smoking	one	pack	per	day	due	to	the	stress
of	the	move.

Height	=	67″
Weight	=	75	kg

QUESTION
What	 pharmacokinetic	 changes	 could	 explain	 JK’s	 worsening	 psychotic
symptoms?

Answer:



JK	has	a	couple	of	explanations	for	his	worsening	symptoms:

•			Increased	fluphenazine	clearance	secondary	to	smoking
•			Improper	administration	technique	by	the	“new”	home	care	nurse,	leading
to	impaired	drug	absorption

The	 first	 issue	 of	 increased	 clearance	 of	 fluphenazine	 decanoate	 is	 well
established	in	smokers.	Ereshefsky	and	colleagues	noted	that	smoking	increases
oral	fluphenazine	clearance	by	a	factor	of	1.67	and	fluphenazine	decanoate	by	a
factor	of	2.33.20	This	significant	increase	in	fluphenazine	clearance	could	require
a	dose	increase	of	up	to	133	percent,	or	roughly	60	mg	IM	q2weeks.

The	 other	 concern	 is	 the	 potential	 of	 JK	 not	 receiving	 the	 full	 dose	 during
administration.	 Experienced	 psychiatric	 care	 providers	 know	 to	 utilize	 the	 “z-
track”	 method	 of	 administration	 in	 order	 to	 prevent	 leakage	 of	 the	 drug/lipid
matrix	as	well	as	to	use	a	needle	of	appropriate	length.	The	former	could	be	the
case	with	JK	in	that	he	notes	that	the	home	care	nurse	is	new;	but	without	direct
observation	of	the	administration	technique,	it	is	only	speculation.	The	potential
of	incorrect	needle	length	is	mainly	a	concern	with	obese	patients	who	may	have
a	 considerable	 amount	 of	 adipose	 tissue	 that	 prevents	 the	 needle	 tip	 from
extending	 into	 the	 muscle,	 which	 would	 considerably	 delay	 absorption	 of	 the
drug.	Given	JK	is	only	75	kg	and	has	a	BMI	of	26,	needle	length	is	not	likely	an
issue.	Finally,	repeated	injections	at	the	same	site	can	potentially	lead	to	reduced
vascularization	and	thus	lower	absorption	rate.	Rotation	of	the	site	of	injection	is
important	for	this	reason.

CASE	4
CP	is	a	61-year-old	African	American	male	with	a	long	history	of	schizoaffective
disorder.	 He	 has	 recently	 become	 controlled	 on	 oral	 paliperidone	 6	mg	 daily.
Aside	 from	 his	 psychiatric	 illness,	 CP	 also	 has	 a	 complicated	medical	 history
including	 hypertension,	 hyperlipidemia,	 diabetes	 mellitus,	 and	 chronic	 kidney
disease.

Height	=	70″
Weight	=	99	kg
IBW	73	kg,	ABW	83.4	kg
SCr:	1.7	mg/dL
CP	reports	frustration	with	his	medication	regimen,	and	he	would	like	reduce

his	 pill	 burden.	 He	 remembers	 being	 on	 an	 injection	 a	 few	 years	 ago	 and



expresses	interest	in	trying	a	long-acting	injection	again.

QUESTION	1

This	 patient	 is	 currently	 on	 oral	 paliperidone.	 Does	 he	 still	 require	 a	 initial
loading	 regimen?	 What	 if	 he	 was	 stabilized	 on	 a	 different	 long-acting
antipsychotic	injection?

Answer:
Yes,	 this	 patient	 still	 requires	 an	 initial	 loading	 regimen	 of	 paliperidone
palmitate.	However,	 if	he	was	previously	controlled	on	another	LAI,	no	 initial
loading	 of	 paliperidone	 palmitate	 would	 be	 required.	 Once	 monthly
administration,	 consistent	 with	 patients’	 previous	 injection	 schedules,	 is
appropriate.

QUESTION	2

What	 would	 be	 the	 initial	 loading	 regimen	 of	 paliperidone	 palmitate	 when
converting	CP	from	oral	paliperidone?

Answer:
Paliperidone	has	extensive	renal	elimination	with	59	percent	of	unchanged	drug
removed	 via	 the	 kidneys.	 Drug	 accumulation	 and	 a	 prolonged	 half-life	 is	 a
concern	for	patients	with	renal	 insufficiency	with	half-lives	 increasing	from	23
hours	 to	 51	 hours	 in	 patients	 with	 severely	 impaired	 renal	 function.	 Dose
adjustments	are	recommended	in	patients	who	have	a	creatinine	clearance	of	50–
80	mL/min.

Day	1:	156	mg

Day	8:	117	mg,	with	maintenance	doses	of	78	mg	every	4	weeks
[(140	–	61)	×	83.4]/(72	×	1.7)	=	CrCl	53.8	mL/min

(mild	renal	impairment)

QUESTION	3



In	 terms	 of	 renal	 function,	 when	 is	 the	 use	 of	 paliperidone	 palmitate	 not
recommended?

Answer:
Use	is	not	recommended	in	patients	with	CrCl	<50	mL/min.

CASE	5
RM	 is	 a	 32-year-old	male	with	 a	 nine-year	 history	 of	 schizophrenia,	 currently
controlled	 on	 oral	 olanzapine	 15	 mg	 daily.	 The	 patient	 often	 has	 to	 keep	 his
medication	with	him	wherever	he	goes	so	that	he	can	remember	to	take	it	at	the
same	time	every	day.	RM	does	not	like	to	carry	his	medication	with	him	because
“it’s	annoying,”	and	he	does	not	want	others	to	accidentally	see	what	medication
he	does	 take.	He	has	made	 some	 friends	 in	 various	groups	he	 attends	 and	has
heard	about	“shots”	he	can	get	every	month.

QUESTION	1
What	does	this	patient	need	to	first	be	counseled	on	about	olanzapine	pamoate
therapy?

Answer:
Because	postdelirium/sedation	syndrome	(PDSS)	or	“postinjection	syndrome”	is
a	possibility,	the	patient	needs	to	remain	in	a	health	care	setting	to	be	observed
by	a	health	care	professional	for	at	least	3	hours	after	every	injection.

Symptoms	of	PDSS	include	sedation	(ranging	from	mild	in	severity	to	coma)
and/or	delirium	(including	confusion,	disorientation,	agitation,	anxiety,	and	other
cognitive	impairment),	extrapyramidal	symptoms,	dysarthria,	ataxia,	aggression,
dizziness,	weakness,	hypertension,	and	convulsion.

RM	 understands	 and	 agrees	 to	 the	 parameters	 surrounding	 injection
administration.

QUESTION	2
What	 dosing	 regimen	 of	 olanzapine	 pamoate	 would	 you	 initiate	 in	 RM?	 And



would	this	regimen	need	to	be	adjusted?	If	so,	at	what	time	point?

Answer:
Initial	dosing	would	be	olanzapine	pamoate	300	mg	IM	every	2	weeks,	but	this
regimen	would	need	to	be	adjusted	after	the	first	8	weeks.

At	initiation,	the	patient	is	pleased	with	his	new	treatment.	Despite	adequate
counseling	 before	 starting	 the	 long-acting	 injection,	 however,	 RM	 becomes
frustrated	that	he’s	had	to	come	in	every	2	weeks.

QUESTION	3

It’s	Week	6	of	therapy	(3	injections	given),	what	do	you	tell	RM?

Answer:
The	initiation	period	is	8	weeks,	so	he	has	one	more	2-week	injection	remaining.
After	that,	RM	can	be	switched	to	monthly	injections.

This	situation	isn’t	what	RM	prefers,	but	nonetheless	he	is	understanding	and
agrees	to	continue	with	injection	treatments.

QUESTION	4

What	monthly	maintenance	dose	of	olanzapine	pamoate	do	you	recommend	for
RM?

Answer:
Maintenance	dose:	Olanzapine	pamoate	405	mg	IM	every	4	weeks
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DRUG	OVERVIEW

Approximately	 80	 percent	 of	 critically	 ill	 intensive	 care	 patients	 require
mechanical	 ventilation,	 thus	 administration	 of	 a	 one-time-only	 dose	 of	 a
neuromuscular	blocking	agent	(NMBA)	is	common.	They	are	used	to	facilitate
endotracheal	intubation	as	they	prevent	laryngospasm	and	keep	the	patient	from
resisting	 the	 procedure.	 These	 agents	 should	 not	 be	 used,	 however,	 if	 the
normalcy	 of	 the	 airway	 and	 the	 ability	 to	 successfully	 accomplish	 bag-mask
ventilation	and	endotracheal	intubation	are	questionable.	Once	intubated,	only	1
percent	 to	 15	 percent	 of	 ICU	 patients	 are	 treated	 with	 continuous	 infusion	 or
scheduled	NMBAs	 (1%,	 surgical	 ICU;	 <10%	medical	 ICU;	 ~15%	 trauma	 and
pediatric	 ICU).1	Aggressive	 use	 of	 analgesia	 and	 sedation	 is	 essential	 initially,
and	 NMBAs	 are	 reserved	 for	 patients	 who	 fail	 to	 meet	 desired	 goals	 despite
maximum	 sedative	 therapy.	 The	 clinical	 practice	 guideline	 for	 sustained
neuromuscular	 blockade	 published	 by	 the	 Society	 of	 Critical	 Care	 Medicine
states	 that	 “NMBAs	 should	 be	 used	 in	 an	 adult	 patient	 in	 an	 ICU	 to	manage
ventilation,	 manage	 increased	 ICP,	 treat	 muscle	 spasms,	 and	 decrease	 oxygen
consumption	ONLY	when	all	other	means	have	been	tried	without	success.”2

When	used	to	manage	ventilation,	NMBAs	allow	improvement	in	pulmonary
compliance.	Neuromuscular	blocking	agents	can	assist	ventilation	 therapy	in	at
least	 three	 ways:	 (1)	 by	 reducing	 or	 eliminating	 spontaneous	 breathing;	 (2)
preventing	 motor	 activity	 that	 might	 dislodge	 catheters,	 surgical	 dressings,	 or



chest	 tubes;	 and	 (3)	 reducing	 oxygen	 consumption	 by	 patients	 with	 severely
diminished	 cardiopulmonary	 function.	 However,	 the	 effect	 of	 neuromuscular
blockade	on	ventilatory	mechanics	and	chest	wall	compliance	may	be	minimal
in	 a	 patient	 who	 is	 maximally	 sedated.	 Although	 NMBAs	 are	 used	 in	 the
mechanically	ventilated	patient,	well-designed	controlled	trials	do	not	exist	that
document	 improved	 patient	 outcomes	 when	 they	 are	 used	 to	 facilitate
mechanical	 ventilation.1,2	 Most	 reports	 are	 limited	 to	 case	 studies,	 small
prospective	open-label	trials,	and	small	randomized	open-label	and	double-blind
trials.	In	addition,	none	of	these	reports	compared	NMBAs	to	placebos.

NMBAs	 may	 be	 used	 postoperatively	 for	 several	 reasons.	 First,
neuromuscular	 blockade	 can	 prevent	 unacceptably	 high	 oxygen	 consumption
due	 to	 the	 profound	 shivering	 that	 frequently	 accompanies	 rewarming	 from
hypothermia.	 This	 condition	 is	 particularly	 deleterious	 for	 hypoxic	 patients	 or
those	 with	 a	 history	 of	 cardiovascular	 disease.	 Further,	 postoperative
neuromuscular	blockade	may	be	a	useful	adjunct	to	promote	healing	of	specific
surgical	wounds	(e.g.,	vascular	anastomosis,	supraglottoplasty)	by	immobilizing
the	patient	for	a	defined	period.	Immobilization	may	prove	of	particular	benefit
after	tracheal	resection	and	anastomosis	or	when	closure	of	the	wound	has	been
difficult	 or	 disruptive	 and	 its	 loss	 of	 integrity	would	 place	 the	 patient	 at	 great
risk.	 Improved	 patient	 outcomes	 have	 been	 documented	 in	 the	 surgical
population	 when	 NMBAs	 are	 utilized	 postoperatively	 for	 complicated	 ENT
procedures	 (cricoid	 split	 and	 supraglottoplasty)	 when	 compared	 to	 historical
controls.1

Apart	from	mechanical	ventilation	and	postoperative	indications,	situations	in
the	 ICU	 that	 may	 warrant	 administration	 of	 NMBAs	 are	 diverse.	 Therapeutic
paralysis	has	been	used	appropriately	in	treating	tetanus,	status	epilepticus,	and
uncontrolled	intracranial	hypertension	or	intracranial	pressure	(ICP).	The	use	of
NMBAs	 for	 prevention	 of	 rhabdomyolysis,	 myoglobinuria,	 and	 acute	 renal
failure	 following	 status	 epilepticus	 and	 tetanus	 leads	 to	 improved	 patient
outcomes.	 These	 benefits	 are	 intuitive	 and	 not	 extensively	 documented	 in	 the
literature	 (mostly	case	 reports).	However,	as	paralytics	do	nothing	 to	 terminate
seizures	 or	 protect	 the	 brain	 of	 seizing	 patients,	 concomitant	 antiepileptic
therapy	 is	 mandatory	 and	 continuous	 or	 intermittent	 EEG	 monitoring	 is
recommended.	The	routine	use	of	NMBAs	for	patients	post	head	injury	has	been
discouraged,	due	to	increased	risk	of	pneumonia	that	may	result	in	prolongation
of	 ICU	 stay.	 Therapeutic	 paralysis	 may	 help	 control	 elevated	 intracranial
pressure,	 so	 NMBAs	 may	 have	 a	 role	 after	 more	 conventional	 therapies	 post
head	injury.



The	main	use	of	NMBAs	outside	of	 the	ED	and	 ICU	settings	 is	 to	produce
skeletal	 muscle	 relaxation	 during	 surgery	 after	 general	 anesthesia	 has	 been
induced.	When	used	in	this	setting,	NMBAs	allow	a	lighter	level	of	anesthesia	to
be	used.

PHYSIOLOGY

Although	 a	 detailed	 review	 of	 the	 physiology	 of	 the	 neuromuscular	 junction
cannot	be	presented	here,	an	understanding	of	the	basic	physiology	is	necessary
for	 discussion	 of	 the	 pharmacodynamics	 of	 the	 neuromuscular	 blocking	 agent
(NMBA).	The	neuromuscular	junction	consists	of	the	prejunctional	motor	nerve
ending,	 synaptic	 cleft,	 and	 postjunctional	 membrane,	 which	 contain	 nicotinic
cholinergic	 receptors.	 The	 neurotransmitter	 acetylcholine	 (ACh)	 is	 synthesized
in	 the	 motor	 nerve	 terminal	 and	 stored	 in	 vesicles.	 Normal	 neuromuscular
transmission	 results	 from	 the	 release	 of	 ACh	 from	 the	 nerve	 terminal,	 its
movement	across	the	synaptic	cleft,	and	subsequent	binding	to	the	postsynaptic
nicotinic	receptor	on	the	sarcolemma	of	the	skeletal	muscle.	The	ACh	molecules
diffuse	across	the	synaptic	cleft	and	bind	to	the	acetylcholine	receptors,	initiating
a	conformational	change	in	the	receptor	that	“opens”	a	potential	channel	formed
by	the	receptor	subunits.	The	opening	of	this	channel	allows	the	influx	of	sodium
and	 calcium	 ions	 and	 the	 efflux	 of	 potassium	 ions,	 thereby	 facilitating	 the
depolarization	of	the	motor	endplate	and	propagation	of	an	action	potential	that
spreads	 across	 the	 skeletal	 muscle	 fibers,	 leading	 to	 contraction.	 The	 enzyme
acetylcholinesterase	is	responsible	for	rapid	hydrolysis	of	ACh,	which	terminates
the	depolarization	of	the	motor	endplate.3

Neuromuscular	 blocking	 agents	 are	 designed	 to	 structurally	 resemble
acetylcholine	 and	 all	 currently	 available	 NMBAs	 induce	 paralysis	 of	 skeletal
muscle	by	occupying	the	ACh	receptors	on	the	muscle	fiber,	thereby	preventing
the	binding	of	ACh	to	the	receptors.	They	are	classified	as	either	depolarizing	or
nondepolarizing	relaxants	according	to	their	effect	on	the	motor	end	plate.	The
bulky	 nature	 of	 nondepolarizing	 NMBA,	 compared	 with	 that	 of	 ACh,	 causes
drugs	 to	 interact	 with	 the	 receptors	 as	 antagonists,	 rather	 than	 agonists.
Succinylcholine,	the	only	depolarizing	NMBA	in	clinical	use,	has	a	high	affinity
for	ACh	 receptor	 sites.	 It	 binds	with	ACh	 receptors	 and	depolarizes	 the	motor
end	plate,	but	produces	a	more	sustained	depolarization	 than	ACh,	 inactivating
sodium	 channels	 and	 preventing	 impulse	 transmission.	 Transient	 twitching	 of
skeletal	 muscle	 (fasciculation)	 is	 briefly	 produced,	 followed	 by	 paralysis.	 By



contrast,	 nondepolarizing	 agents	 compete	with	ACh	 for	 access	 to	 receptors	 on
the	 motor	 end	 plate,	 but	 once	 bound	 have	 no	 agonist	 activity.	 They	 have	 no
effect	on	 the	 resting	electric	potential	of	 the	motor	end	plate	and	do	not	cause
muscle	 contraction.	 Evidence	 suggests	 that	 they	 also	 act	 to	 prevent	 ACh
mobilization	to	some	degree.3

SEQUENCE	OF	ONSET	OF	NEUROMUSCULAR
BLOCKADE

Small,	rapidly	moving	muscles	such	as	those	of	the	eyes	and	digits	are	affected
by	 NMBA	 before	 those	 of	 the	 trunk	 and	 abdomen.	 Ultimately,	 intercostal
muscles	and	finally	the	diaphragm	are	paralyzed.	Recovery	of	skeletal	muscles
usually	occurs	in	the	reverse	order	to	that	of	paralysis	such	that	the	diaphragm	is
the	first	to	regain	function.

Intravenous	 injection	 of	 an	 NMBA	 to	 a	 person	 who	 is	 awake	 initially
produces	 difficulty	 in	 focusing	 and	 weakness	 in	 the	 mandibular	 muscles
followed	by	ptosis,	diplopia,	and	dysphagia.	Relaxation	of	the	small	muscles	of
the	 ears	 improves	 acuity	 of	 hearing.	 Consciousness	 and	 sensorium	 remain
undisturbed	even	 in	 the	presence	of	 complete	neuromuscular	blockade.	 If	 time
and	 patient	 condition	 permit,	 counseling	 the	 patient	 of	 what	 he	 or	 she	 will
experience	would	most	likely	decrease	any	need	for	anxiolytics	and	sedation	as
the	experience	would	be	less	terrifying.

BIOAVAILABILITY

All	 NMBA	 are	 poorly	 absorbed	 from	 the	 gastrointestinal	 tract.	 The	 onset	 of
action	varies	between	individual	agents	(Table	12-1),	the	route	of	administration,
dosage,	 and	 concomitant	 drug	 therapy.	 In	 general,	 the	 first	 signs	 of
neuromuscular	blockade	occur	within	2	minutes	following	the	IV	administration
of	the	nondepolarizing	NMBA,	and	maximal	effects	occur	in	approximately	3–6
minutes.	 The	 maximal	 effects	 of	 succinylcholine	 occur	 within	 1	 minute.	 The
onset	of	action	following	IM	administration	is	slower	and	less	predictable	than
following	IV	administration;	therefore,	the	IM	route	is	reserved	for	patients	with
no	IV	access.



TABLE
12-1 Summary	of	Available	Neuromuscular	Blocking	Drugs





MD,	maintenance	dose;	CI,	continuous	infurion;	ano	longer	manufactured	in	the	United	States.

Several	 blockers	 have	 been	 studied	 after	 intramuscular	 administration.	 The
bioavailability	 of	 rapacuronium	 is	 56	 percent,	 and	 peak	 plasma	 concentrations
occur	4–5	minutes	after	administration	after	2.8	or	4.8	mg/kg	during	halothane
anesthesia.4	 Rocuronium	 has	 better	 qualities	 than	 other	 nondepolarizers
administered	intramuscularly	in	that	its	bioavailability	is	greater	than	80	percent,
and	 less	 than	 5	 percent	 of	 the	 drug	 remains	 in	 muscle	 30	 minutes	 after
administration.5	 Optimal	 intubating	 conditions	 exist	 3	 minutes	 after	 1–1.8
mg/kg.5	 Succinylcholine	 may	 also	 be	 administered	 IM	 with	 intubating
conditions	in	2–3	minutes.6

VOLUME	OF	DISTRIBUTION
(VD)/DISTRIBUTION

A	 summary	 of	 individual	 Vd	 can	 be	 found	 in	 Table	 12-2.	 Following	 IV
administration,	 the	drugs	are	distributed	 into	 the	extracellular	 fluid	and	 rapidly
reach	 their	 site	of	action	at	 the	motor	end	plate.	Conditions	associated	with	an
increase	 in	 extracellular	 fluid	 volume	 may	 require	 a	 higher	 dose	 of	 NMBA.
These	 patients	 include	 those	 who	 have	 congestive	 heart	 failure,	 patients	 with
peritonitis,	 and	patients	 immediately	postpartum.7	 In	 addition,	 newborn	 infants
are	known	to	have	larger	extracellular	fluid	volumes	per	unit	of	body	weight.	For
all	neuromuscular	blockers	that	have	been	studied,	the	volume	of	distribution	is
greater	in	infants.8	Most	NMBA	cross	the	blood-brain	barrier	to	a	small	extent,	if
at	 all.	 Increased	 protein	 binding	 (possibly	 to	 alpha-1	 acid	 glycoprotein)	 of
nondepolarizing	NMBA	with	a	resulting	decrease	in	free	fraction	of	circulating
drug	has	been	reported	in	patients	with	burns.6	Other	conditions	associated	with
an	increase	in	alpha-1	acid	glycoprotein	are	acute	myocardial	infarction,	cancer,
inflammatory	 diseases	 (Crohn’s	 and	 inflammatory	 arthritis),	 surgery,	 trauma
injury,	and	administration	of	phenytoin	and	carbamazepine.9-11

TABLE
12-2 Pharmacokinetics	of	Neuromuscular	Blocking	Agents



t1/2,	half	life;	ano	longer	available	in	the	United	States

ELIMINATION

A	summary	of	 the	method	of	 elimination	 and	 clearance	 of	 individual	NMBAs
can	 be	 found	 in	 Table	 12-2.	 Succinylcholine	 is	 metabolized	 rapidly	 by
pseudocholinesterase	 and	 is	 excreted	 in	 the	 urine	 as	 active	 and	 inactive



metabolites	 and	 small	 amounts	 of	 unchanged	 drug.5	 Pancuronium	 and
pipecuronium	 are	 excreted	 primarily	 unchanged	 in	 the	 urine.	 Following	 IV
administration,	atracurium	besylate	and	cisatracurium	undergo	rapid	metabolism
via	 Hoffman	 elimination	 and	 via	 nonspecific	 enzymatic	 ester	 hydrolysis.
Atracurium	 besylate	 and	 cisatracurium	 and	 their	 metabolites,	 including
metabolic	 products	 of	 Hoffman	 elimination	 and	 ester	 hydrolysis	 are	 excreted
primarily	 in	 the	 urine	 and	 also	 in	 feces	 via	 biliary	 elimination.	 Only	 a	 small
fraction	of	the	dose	is	excreted	unchanged	in	the	urine	and	bile.	Vecuronium	and
rocuronium	have	both	renal	and	biliary	elimination;	therefore,	caution	should	be
used	when	 administering	 a	 continuous	 infusion	 to	patients	with	 either	 renal	 or
hepatic	dysfunction.	Careful	train-of-four	monitoring	is	essential.

For	NMBAs	that	are	eliminated	by	renal	elimination	or	hepatic	metabolism,
drug	clearance	 is	not	proportional	 to	 the	volume	of	distribution.	A	 longer	half-
life,	 therefore,	 is	 observed	 in	 infants	 and	 children	 or	 any	 patient	with	 renal	 or
hepatic	dysfunction.	If	the	drug	is	metabolized	in	body	fluids,	however,	as	is	the
case	 for	 succinylcholine,	 mivacurium,	 atracurium,	 and	 cisatracurium;	 then,
increasing	the	Vd	results	in	increased	clearance.8

PATIENT	POPULATIONS	WITH	ALTERED
PHARMACOKINETICS	AND/OR
PHARMACODYNAMICS

BURN	PATIENTS
Patients	with	burn	injury	are	resistant	 to	 the	action	of	nondepolarizing	NMBA.
The	magnitude	of	resistance	depends	on	the	extent	of	thermal	injury	and	elapsed
time	since	the	burn,	with	patients	having	burns	that	extend	over	25–30	percent	or
more	 of	 body	 surface	 area	 being	 most	 likely	 to	 exhibit	 resistance	 (increasing
with	 increased	 injury)	 and	 the	 resistance	only	becoming	apparent	one	week	or
longer	after	the	burn.12	NMBA	resistance	has	been	reported	to	peak	two	or	more
weeks	after	 the	burn,	persists	 for	 several	months	or	 longer,	and	 then	decreases
gradually	 with	 healing.12	 The	 mechanism	 of	 this	 resistance	 appears	 to	 be
multifactorial	 and	 may	 involve	 pharmacokinetic,	 pharmacodynamic,	 and
pathophysiologic	factors.	Increased	production	of	alpha-1	acid	glycoprotein	will
reduce	the	free	(unbound)	fraction	of	circulating	NMBAs	and	may	contribute	to



this	 resistance,	 however,	 the	 magnitude	 of	 the	 resistance	 cannot	 be	 solely
explained	 by	 this	 mechanism.	 It	 also	 has	 been	 suggested	 that	 changes	 in	 the
number	 of	 acetylcholine	 receptors	 and/or	 in	 anticholinesterase	 activity	 may
contribute	 to	 this	 NMBA	 resistance.	 Other	 mechanisms	 (e.g.,	 circulating
substances	 in	 plasma	 that	 bind	 to	 or	 inactivate	 the	 drugs)	 also	 have	 been
suggested.	Higher	and/or	more	frequent	doses	are	required	in	patients	with	burn
injury,	especially	when	the	injury	is	≥30	percent.

OBESITY
For	 the	majority	 of	NMBAs,	 total	 body	weight	 (TBW)	dosing	will	 result	 in	 a
prolonged	 duration	 of	 effect	 in	 morbidly	 obese	 patients	 when	 compared	 with
nonobese	patients.

Succinylcholine
In	 morbidly	 obese	 patients,	 the	 concentration	 of	 pseudocholinesterase,	 the
enzyme	 that	 metabolizes	 succinylcholine,	 is	 increased.13	 Because	 the	 level	 of
plasma	 pseudocholinesterase	 activity	 and	 the	 volume	 of	 extracellular	 fluid
determine	the	duration	of	action	of	succinylcholine,	and	both	of	these	factors	are
increased	 in	 obesity,	 morbidly	 obese	 patients	 have	 larger	 absolute
succinylcholine	 dose	 requirements	 than	 average-weight	 patients.	 When
succinylcholine	administration	is	based	upon	TBW,	rather	 than	upon	lean	body
weight	 (LBW)	 or	 ideal	 body	 weight	 (IBW),	 a	 more	 profound	 neuromuscular
block	and	better	intubating	conditions	are	achieved.14

Rocuronium
Nondepolarizing	 muscle	 relaxants	 such	 as	 rocuronium	 are	 only	 weakly	 or
moderately	 lipophilic	 because	 the	 quaternary	 ammonium	 group	 they	 contain
makes	these	molecules,	as	a	whole,	highly	ionized	at	physiologic	pH.	The	poor
lipophilicity	 limits	 distribution	 outside	 the	 extracellular	 fluid	 space.	 However,
the	effect	of	the	increased	extracellular	fluid	volume	is	poorly	understood.	In	one
study,15	 after	 administration	 of	 0.6	mg/kg	 of	 rocuronium,	 the	 pharmacokinetic
parameters	and	spontaneous	recovery	to	75	percent	of	twitch	height	were	similar
in	obese	and	lean	patients.	When	administered	to	morbidly	obese	patients	on	the
basis	of	both	TBW	and	IBW,	the	duration	of	action	was	more	than	double	when
rocuronium	was	dosed	on	TBW.16	Although	higher	doses	of	rocuronium	result	in
a	prolonged	duration	of	action,	no	difference	in	onset	time	is	observed	when	0.6
mg/kg	rocuronium	is	administered	based	on	IBW,	IBW	and	20	percent	of	excess



weight,	 or	 IBW	 and	 40	 percent	 of	 excess	 weight.17	 Therefore,	 the
recommendation	is	to	base	rocuronium	administration	in	morbidly	obese	patients
on	IBW.	Similar	results	are	reported	for	pancuronium.17

Vecuronium
Seven	 obese	 patients	 receiving	 TBW-based	 0.1	 mg/kg	 vecuronium	 took	 60
percent	longer	to	recover	from	neuromuscular	blockade	than	did	seven	normal-
weight	controls.18	However,	pharmacokinetic	parameters	uncorrected	for	weight
were	similar	between	the	two	groups;	therefore,	basing	administration	on	IBW	is
recommended.

Cisatracurium
Because	cisatracurium	is	eliminated	via	Hoffman	elimination,	investigators	have
suggested	 it	 as	 the	 NMBA	 of	 choice	 for	 obese	 patients.	 However,	 when
administered	to	both	morbidly	obese	and	normal-weight	patients	on	the	basis	of
both	 TBW	 and	 IBW,	 the	 duration	 of	 action	was	 prolonged	 in	morbidly	 obese
patients.19	 When	 cisatracurium	 was	 administered	 to	 both	 obese	 patients	 and
normal-weight	patients	according	 to	 IBW,	 its	duration	of	action	was	 shorter	 in
the	morbidly	obese	patient.20

In	conclusion,	succinylcholine	should	be	dosed	based	on	TBW.	TBW	dosing
of	nondepolarizing	neuromuscular	blockers	will	result	 in	overdosing,	 therefore,
IBW	 is	 recommended	 for	 these	 agents.	 If	 a	 nondepolarizing	 agent	 is	 needed,
shorter-acting	agents	such	as	rocuronium	or	cisatracurium	are	recommended.

HYPOTHERMIA
During	 hypothermia,	 redistribution	 of	 blood	 away	 from	 the	 extremities,
gastrointestinal	 tract,	 kidneys,	 and	 liver	 toward	 the	 coronary	 and	 cerebral
circulation	 takes	 place.	 Vasodilation	 of	 skeletal	 muscles	 contributes	 to	 this
redistribution.	The	intravascular	distribution	volume	is	reported	to	be	decreased
by	10–35	percent	 in	animal	models.21	The	Vd	of	pancuronium	was	reported	to
decrease	 by	 40	 percent	 in	 patients	 with	 moderate-to-severe	 hypothermia.	 The
reduction	 in	 extracellular	 volume	 in	 addition	 to	 the	 reduced	 renal	 and	 hepatic
blood	 flow	and	biliary	clearance	 indicated	 that	 smaller	doses	may	be	 required,
along	with	less	frequent	dosing.	Intermittent	dosing	as	needed	would	be	a	more
practical	approach	than	continuous	infusion	with	train-of-four	monitoring.



Choice	of	Agents
NMBA	 may	 also	 be	 classified	 according	 to	 the	 duration	 of	 blockade	 they
produce:	 short,	 intermediate,	or	 long	 (Table	12-1).	The	 selection	 of	 an	NMBA
must	be	based	on	the	needs	of	the	patient.	Four	variables	that	must	be	considered
are	time	of	onset,	duration	of	action,	side	effects,	and	route	of	elimination	for	the
agent	 chosen.	Other	 equally	 important	 factors,	 often	 overlooked	 by	 physicians
caring	 for	 the	 patient,	 are	 intravenous	 access,	 drug-drug	 compatibility,	 and
volume	of	 intravenous	 fluid	 required	 to	 administer	 a	 continuous	 infusion.	One
may	choose	a	longer-acting	agent	dosed	as	needed	over	a	continuous	infusion	in
a	 severely	 fluid	 restricted	 patient.	 Lastly,	 one	 should	 not	 overlook	 cost	 when
choosing	an	NMBA.

The	 medical	 condition	 of	 the	 patient	 also	 influences	 the	 NMBA	 decision.
Patients	with	 cardiovascular	 impairment	 are	 of	 special	 concern,	 because	 some
NMBA	 produce	 cardiovascular	 effects	 such	 as	 hypotension	 and	 arrhythmias.
Cardiovascular-stable	 NMBAs	 include	 vecuronium,	 pipecuronium,
cisatracurium,	and	rocuronium.	Pancuronium	should	be	avoided	in	patients	with
preexisting	 tachycardia	who	cannot	 tolerate	 a	 further	 increase	 in	 the	heart	 rate
(angina,	 tachyarrhythmia).	 However,	 many	 young	 patients	 without	 preexisting
cardiovascular	disease	can	tolerate	the	increase	in	heart	rate.	Presence	of	hepatic
and/or	renal	failure	must	be	taken	into	consideration	when	choosing	an	NMBA,
but	 is	 not	 a	 contraindication	 to	 agents	 metabolized	 and	 eliminated	 by	 these
routes	 as	 long	 as	 appropriate	 monitoring	 is	 performed.	 In	 fact,	 use	 of	 these
agents	in	concert	with	train-of-four	(TOF)	monitoring	or	dosing	with	movement
may	 be	 used	 in	 an	 effort	 to	 reduce	 the	 overall	 costs	 of	 NMBA	 therapy.
Atracurium	 and	 cisatracurium	 are	 often	 used	 in	 multisystem	 organ	 failure
because	their	metabolism	is	via	Hoffman	elimination	and	ester	hydrolysis,	which
is	 independent	 of	 the	 hepatic	 metabolism	 and	 renal	 elimination.	 Histamine
release	 by	 some	 NMBAs	 (d-tubocurarine,	 atracurium)	 can	 place	 an	 asthmatic
patient	at	increased	risk.	Pancuronium,	vecuronium,	pipecuronium,	rocuronium,
or	cisatracurium	is	not	associated	with	significant	histamine	release	and	may	be
preferred	for	asthmatics.	Patients	with	extensive	burns	may	also	require	dosage
adjustments,	 because	 they	 may	 have	 increased	 synthesis	 of	 extrajunctional
cholinergic	receptors	and	thus	react	unpredictably	to	NMBAs.	The	accumulation
of	 extrajunctional	 ACh	 receptors	 may	 be	 responsible	 for	 the	 risk	 of	 severe
hyperkalemia	 that	 can	 occur	 following	 the	 use	 of	 succinylcholine	 in	 patients
with	 burns,	 stroke,	 polio,	 spinal	 cord	 injury,	 severe	 muscle	 trauma,	 enforced
immobilization,	Guillain-Barré	syndrome,	or	other	conditions	producing	loss	of
nerve	function.	Succinylcholine	should	never	be	used	in	any	of	these	situations.



The	consensus	statement	of	 the	Society	for	Critical	Care	Medicine	(SCCM)
states	that	the	majority	of	patients	in	the	ICU	who	are	prescribed	an	NMBA	can
be	managed	effectively	with	pancuronium.2	For	patients	for	whom	vagolysis	 is
contraindicated	 (e.g.,	 those	 with	 cardiovascular	 disease),	 NMBAs	 other	 than
pancuronium	 may	 be	 used.2	 Many	 practitioners	 prefer	 vecuronium	 for	 those
patients	with	 cardiac	 disease	 or	 hemodynamic	 instability	 in	whom	 tachycardia
may	be	deleterious,	based	on	the	drug’s	cardiovascular	stability,	the	low	cost	of
the	drug,	 and	many	years	of	 experience	 in	 clinical	 practice.	Lastly,	 because	of
their	 unique	 metabolism,	 cisatracurium	 or	 atracurium	 is	 recommended	 for
patients	with	significant	hepatic	or	renal	disease.2

INTUBATION
Choice	 of	 appropriate	 NMBA	 for	 intubation	 is	 not	 always	 straightforward,
especially	when	complicated	by	the	need	for	tracheal	intubation	without	bag	and
mask	ventilation	as	in	the	case	of	a	patient	with	a	full	stomach.	Succinylcholine
historically	has	been	 the	gold	standard	for	a	 rapid-sequence	 intubation	because
of	the	onset	of	90	percent	neuromuscular	blockade	within	60	seconds.	However,
large	doses	of	some	nondepolarizing	agents	such	as	mivacurium	and	rocuronium
approach	 this	 onset:	 2–2.5	minutes	 and	 1–1.5	minutes,	 respectively.	However,
mivacurium	 is	 no	 longer	 commercially	 available	 in	 the	 United	 States.	 If
practicing	 in	an	area	where	mivacurium	 is	available,	one	 should	be	aware	 that
rapid	 bolus	 doses	 of	 mivacurium	 may	 cause	 some	 histamine	 release	 and
hypotension	in	patients	with	preexisting	cardiovascular	instability.

The	remainder	of	the	nondepolarizing	NMBAs	generally	take	3–4	minutes	to
reach	 intubating	conditions.	However,	 if	succinylcholine	 is	contraindicated	and
mivacurium	or	rocuronium	are	unavailable,	two	techniques	can	hasten	the	onset
of	 neuromuscular	 blockade	 with	 nondepolarizing	 agents.	 One	 technique	 is
priming.	 It	 involves	 the	 administration	of	 one-tenth	of	 an	 intubating	dose	of	 a
nondepolarizing	NMBA,	followed	4	minutes	later	by	an	intubating	dose.	Then,
after	 waiting	 an	 additional	 90	 seconds,	 intubation	 of	 the	 trachea	 may	 be
performed.3	 The	 inherent	 risks	 of	 this	 method	 are	 related	 to	 the	 degree	 of
weakness	or	respiratory	distress	in	the	patient	before	priming	and	to	the	fear	and
anxiety	 produced	 by	 the	 diplopia	 and	 dyspnea	 that	 often	 follow	 the	 priming
dose.	 Informing	 the	 patient	 of	 what	 to	 expect	 can	 be	 extremely	 helpful	 in
decreasing	the	anxiety	and	fear.

The	 second	 technique	 involves	 giving	 a	 relative	 overdose	 of	 the	NMBA	 to
flood	the	receptors,	thereby	shortening	the	time	of	onset.	The	usual	practice	is	to



administer	 two	 times	 the	 intubating	 dose	 of	 an	 NMBA	 as	 a	 rapid	 bolus.	 The
complications	 of	 this	 technique	 are	 related	 to	 the	 cardiovascular	 effects	 of	 the
relaxant,	which	can	be	avoided	by	the	use	of	a	drug	with	stable	cardiovascular
profile	 such	 as	 vecuronium,	 doxacurium	 (not	 available	 in	 the	 U.S.),
cisatracurium,	rapacuronium,	or	rocuronium.

MONITORING	WITH	CONTINUOUS	INFUSION
It	is	now	widely	recommended	that	continuous	NMBA	be	monitored	using	either
a	 train-of-four	 (TOF)	 or	 a	 double-burst	 muscle	 twitch	 response	 to	 peripheral
nerve	 stimulation	 (PNS).	 Monitoring	 by	 this	 method	 may	 prevent	 prolonged
effect	 of	 the	 NMBA	 due	 to	 (1)	 changing	 organ	 function,	 (2)	 addition	 of
medications	 that	 potentiate	 NMBA,	 or	 (3)	 accumulation	 of	 the	 drug	 or
metabolite.	In	addition,	investigators	have	documented	that	adjusting	the	dose	of
NMBA	by	PNS	versus	standard	clinical	dosing	 in	critically	 ill	patients	 reduces
the	drug	requirements	and	results	in	cost	savings.1

Nerve	 stimulators	 deliver	 an	 electrical	 current	 that	 is	 intended	 to	 activate	 a
motor	nerve,	while	the	mechanical	response	of	a	muscle	enervated	by	that	nerve
is	measured.	As	 the	NMBA	occupies	an	 increasing	number	of	 the	postsynaptic
ACh	 receptors,	 the	 block	 becomes	more	 profound	 and	 the	muscle	 response	 to
nerve	 stimulation	 diminishes.	 One	 must	 be	 careful	 to	 avoid	 direct	 muscle
stimulation	 with	 the	 nerve	 stimulator	 as	 muscle	 will	 contract	 if	 stimulated
electrically,	regardless	of	the	degree	of	block	of	the	neuromuscular	junction.	This
false	positive	result	would	cause	the	clinician	to	increase	the	dose	of	NMBA	that
may	 lead	 to	 accumulation	 and	 prolonged	 paralysis	 after	 discontinuation	 of	 the
NMBA.

Monitoring	of	neuromuscular	function	is	uncomfortable	and	can	be	painful	if
tetanic	 stimulation	 is	 used.	 Therefore,	 monitoring	 should	 begin	 after	 sedation
and	analgesia,	and	optimally	before	any	NMBA	is	given.	The	latter	is	not	always
possible.	 This	 sequence	 will	 assure	 that	 the	 nerve	 stimulator	 is	 functioning
properly	and	 the	electrodes	are	placed	correctly	 to	assess	 the	patient’s	baseline
strength	 of	 response.	 The	 electrical	 current	 is	 delivered	 via	 surface	 electrodes
(ECG	electrodes	 are	most	 commonly	used),	which	 should	 be	 placed	over	 skin
that	is	clean,	dry,	and	hairless.	Electrodes	should	be	replaced	every	24	hours	as
the	 conductive	 gel	 dries	 out.	 Substantial	 edema	 or	 obesity	 may	 result	 in
insufficient	 current	 being	 delivered	 to	 the	 nerve	 by	 surface	 electrodes.	Needle
electrodes	(23G)	are	available	if	ECG	electrodes	are	ineffective.

Theoretically,	 any	 accessible	 nerve	 may	 be	 stimulated	 to	 assess



neuromuscular	blockade.	However,	stimulating	the	ulnar	nerve	while	measuring
the	effect	at	the	adductor	pollicis	has	become	the	standard.	If	the	ulnar	nerve	is
not	available	or	easily	accessible,	the	facial	nerve	can	be	used,	and	the	response
at	the	orbicularis	occuli	can	be	observed.	Lastly,	the	posterior	tibial	nerve	can	be
stimulated	behind	the	medial	malleus	and	plantar	flexion	of	the	great	toe	can	be
observed,	or	 the	peroneal	nerve	can	be	stimulated	around	the	fibular	head,	and
dorsiflexion	 of	 the	 foot	 can	 be	 recorded.	 The	 evoked	 responses	 can	 be
uncomfortable	 and,	 therefore,	 are	 not	 always	 practical	 in	 patients	 who	 are
conscious,	but	most	patients	will	be	receiving	analgesics	and	sedatives.

Train-of-Four
Train-of-four	(TOF)	is	used	most	commonly	in	the	ICU	to	monitor	NMBA.	This
approach	 uses	 a	 train	 or	 series	 of	 four	 stimuli	 at	 a	 frequency	 of	 2	 Hz	 for	 2
seconds.	 In	 the	absence	of	NMBA,	four	 twitches	of	equal	amplitude	should	be
observed.	In	the	presence	of	a	nondepolarizing	NMBA,	a	progressive	decrease	in
amplitude	of	each	successive	twitch	is	seen.	Formally,	the	measured	response	is
reported	as	the	ratio	of	the	amplitude	of	the	fourth	twitch	to	the	first	 twitch,	as
measured	 with	 a	 force	 transducer,	 yielding	 the	 TOF	 ratio.	 However,	 it	 is	 not
practical	 to	measure	 the	amplitude	of	 twitches	with	a	 transducer	 in	 the	clinical
setting,	 therefore,	 the	number	of	 stimuli-induced	palpable	 twitches	 is	 recorded.
Because	 of	 the	wide	margin	 of	 safety	 of	 neuromuscular	 transmission,	 a	 single
twitch	 is	 not	 abolished	 until	 75	 percent	 blockade	 is	 achieved	 (ratio	 3/4;	 three
twitches	 present	 out	 of	 four).	 Two	 palpable	 twitches	 correlate	 with
approximately	80	percent	 suppression,	one	palpable	 twitch	with	approximately
90	percent	 suppression,	 and	no	 twitches	 correlates	with	100	percent	 or	 greater
twitch	suppression.

Although	 no	 prospective	 controlled	 trials	 have	 determined	 the	 degree	 of
neuromuscular	blockade	required	to	achieve	optimum	mechanical	ventilation	in
patients,	 it	 is	 recommended	 that	 the	 rate	 of	 infusion	 be	 titrated	 to	 a	minimum
presence	of	one	or	 two	 twitches	 (80–90%	blockade)	at	 all	 times.	Train-of-four
stimulation	should	be	monitored	and	recorded	every	8	hours	or	more	frequently
when	 patient	 status	 dictates.	 Ablation	 of	 all	 four	 twitches	 during	 continuous
infusion	is	considered	a	sign	of	relative	overdose	of	NMBA.	It	is	recommended
that	the	NMBA	infusion	be	discontinued	until	the	return	of	one	or	two	twitches,
and	then	reinstated	at	a	lower	infusion	rate.	If	intermittent	boluses	are	used,	TOF
should	 be	 repeated	 every	 15–30	minutes,	 and	 the	 next	 bolus	 not	 administered
until	at	 least	a	single	 twitch	appears.	Clinically	as	 the	muscles	of	 the	eyes	and
digits	 are	 the	 first	 to	 paralyze	 and	 the	 last	 to	 recover,	 they	may	 be	 used	with



intermittent	 boluses	 as	 the	 indication	 to	 rebolus	 the	 NMBA	 in	 lieu	 of	 TOF
monitoring.	 If	TOF	monitoring	 is	not	available,	continuous	 infusion	of	NMBA
should	 be	 stopped	 once	 a	 day	 and	 the	 time	 for	 return	 of	 some	 neuromuscular
function	noted.	If	this	time	is	longer	than	1	hour,	the	rate	of	infusion	should	be
empirically	 decreased	 upon	 reinstatement	 of	 the	 continuous	 infusion.	 The
amount	of	 the	decrease	 should	be	directly	 related	 to	 the	duration	of	prolonged
neuromuscular	blockade.	For	example,	if	1	hour	was	expected	and	4	hours	pass
before	movement,	 one	might	 decrease	 the	dose	by	25	percent	 compared	 to	 50
percent	 if	 8–12	 hours	 passes	 before	movement.	 This	 approach	 should	 prevent
accumulation	 of	 the	 NMBA.	 Regardless	 of	 whether	 TOF	 is	 used,	 all	 patients
who	receive	continuous	infusions	of	NMBA	should	have	their	infusions	stopped
once	 daily	 to	 assess	 blockade	 and	 to	 provide	 an	 opportunity	 for	 clinical
evaluation	to	assess	the	adequacy	of	concomitant	sedation	and	analgesia.2

PROBLEMS	WITH	TRAIN-OF-FOUR	MONITORING
Substantial	 edema	 and	 obesity	 are	 the	 most	 often	 identified	 factors	 affecting
TOF	 monitoring.	 Electrode	 placement	 too	 far	 from	 the	 nerve	 and	 pressure
applied	 to	 the	 electrodes	 can	 also	 affect	 response.	 Pressure	 will	 decrease	 the
electrode-skin	resistance	and	distance	from	the	skin	to	the	nerve,	thus	increasing
the	 amount	 of	 current	 delivered	 and	 possibly	 leading	 to	 overstimulation	 of
response.	 Operator	 assessment	 of	 TOF	 is	 subjective	 and	 therefore,	 prone	 to
misinterpretation.	 For	 example,	 two	 equal,	 strong	 thumb	 twitches	with	 a	 faint
third	twitch	may	be	interpreted	by	one	operator	as	two	twitches	and	by	a	second
as	 three	 twitches.	 In	 fact,	 whether	 faint	 twitches	 should	 be	 included	 in	 the
assessment	is	controversial	and	not	addressed	in	the	literature.

Equipment	 malfunction	 may	 produce	 a	 TOF	 error.	 Variability	 in	 current
output	 has	 been	 documented	 at	 higher	 impedance	with	 some	 peripheral	 nerve
stimulator	 (PNS).	 Faulty	 connections	 of	 the	 stimulator	 to	 the	 electrodes,
inadequate	battery	power,	 and	 improperly	 lubricated	electrodes	may	contribute
to	erroneous	TOF	readings.	Due	to	the	numerous	avenues	to	introduce	error	into
TOF	monitoring,	 the	SCCM	 recommends	 that	 even	with	 the	 use	 of	 peripheral
nerve	stimulation,	neuromuscular	blockade	should	be	stopped	at	least	once	daily
to	 produce	 an	 opportunity	 for	 clinical	 evaluation,	 to	 assess	 the	 adequacy	 of
concomitant	 sedation	 and	 analgesia,	 and	 to	 determine	 if	 continued	 paralysis	 is
needed.

Some	 patients	 will	 have	 no	 response	 to	 TOF	 testing,	 but	 still	 demonstrate
movement	or	 response	 to	 stimulation,	 such	as	a	cough	or	gag	when	suctioned.



Clinical	 assessment	 of	 patient	 response	 remains	 the	 standard	when	monitoring
these	 patients.	 It	 is	 important	 to	 remember	 that	 TOF	 testing	 is	 performed	 to
guide	the	maximal	dose	required	by	the	patient.	The	minimum	acceptable	dose	is
determined	by	improvement	in	the	parameter	or	condition	being	treated.

ADJUVANT	THERAPY
The	 primary	 clinical	 effect	 of	 NMBA	 is	 to	 prevent	 movement.	 However,	 the
need	 to	 provide	 adjuvant	 therapy	 should	 not	 be	 overlooked.	 The	 need	 for
mechanical	ventilation	 is	obvious,	but	 the	need	for	other	adjuvant	 therapy	may
not	be	as	clear.	Neuromuscular	blocking	agents	provide	no	sedation	or	analgesia,
therefore,	 it	 is	 imperative	 that	 patients	 are	 adequately	 sedated	 prior	 to	 being
paralyzed	 and	 throughout	 the	 use	 of	NMBA.	Analgesics	 should	 be	 used	when
indicated	 but	 may	 not	 be	 necessary	 in	 every	 patient.	 The	 use	 of	 sedative	 or
anxiolytic	medications	and	narcotic	analgesics	prepare	the	patient	to	receive	an
NMBA	by	reducing	awareness,	relieving	anxiety,	and	relieving	pain.	Without	the
adjuvant	 medications,	 the	 patient’s	 experience	 of	 neuromuscular	 paralysis	 is
likely	to	be	terrifying.	Choice	of	appropriate	agents	and	dosing	of	sedatives	and
analgesics	 are	 patient-specific	 and	 will	 depend	 on	 the	 age	 of	 the	 patient,
underlying	condition,	and	other	factors.

Even	when	sedated,	all	patients	receiving	NMBA	should	be	treated	as	if	they
were	 fully	 awake.	They	 should	 be	 given	 frequent	 verbal	 reassurance	 that	 their
paralysis	is	purposely	drug-induced	and	temporary.	The	use	of	sedatives	causes
anterograde	amnesia,	so	patients	must	be	frequently	reoriented	to	their	situation.
They	should	be	warned	before	anything	 is	done	 to	 them	(repositioning,	needle
sticks,	dressing	changes,	suctioning	of	endotracheal	 tube,	placement	of	bladder
catheters,	etc.).	Too	often,	 the	patient	 is	 informed	of	a	procedure	only	after	 the
procedure	has	begun	or	not	at	all,	which	increases	their	fear	and	anxiety	and	the
need	for	adjuvant	medications

Patients	 receiving	 NMBA	 must	 be	 repositioned	 frequently	 to	 decrease	 the
occurrence	of	pressure	 injury	 to	nerves	 (most	commonly	knees	or	elbows)	and
the	development	of	pressure	injury	to	the	skin	or	“bed	sores.”	This	task	can	be
accomplished	manually	or	with	the	aid	of	rotating	beds	or	air	mattresses.	Lack	of
movement	 of	 the	 lower	 extremities	 also	 increases	 the	 risk	 of	 development	 of
deep	 venous	 thrombosis	 (DVT)	 with	 subsequent	 pulmonary	 embolism	 (PE).
Pharmacist	should	ensure	that	each	patient	receiving	an	NMBA	receives	heparin
5,000	units	subcutaneously	two	to	three	times	a	day	to	prevent	the	development
of	 a	 DVT.	 Low-molecular-weight	 heparins	 may	 also	 be	 used	 when	 clinically



indicated.	All	ICU	patients,	not	just	 those	receiving	NMBA	are	at	an	increased
risk	of	DVT	and	PE	and	should	receive	prophylaxis.	Patients	who	cannot	receive
an	anticoagulant	may	benefit	from	the	use	of	sequential	compression	devices	or
foot	compression	devices.	Limited	data	are	available	to	suggest	a	benefit	of	these
devices,	but	the	high-risk	of	DVT	in	patients	receiving	NMBA	may	justify	their
use.	Lastly,	as	paralyzed	patients	cannot	blink,	their	eyes	must	be	protected	with
artificial	tears	or	lubricant	to	prevent	corneal	abrasions.

Paralyzed	patients	cannot	cough	or	swallow,	so	measures	must	be	employed
to	ensure	adequate	clearing	of	pharyngeal	and	tracheal	secretions.	Lastly,	disuse
atrophy	 and	 contractions	 may	 develop	 during	 prolonged	 use	 of	 NMBA.
Involvement	of	physical	and	occupational	therapy	to	develop	splints	and	perform
range-of-motion	exercises	have	been	recommended	to	lessen	potential	for	disuse
atrophy	and	contractions	in	paralyzed	patients.

Resistance	to	NMBA
Numerous	 authors	 have	 reported	 resistance	 or	 tachyphylaxis	 to	 the
nondepolarizing	 NMBA	 in	 ICU	 patients.	 Resistance	 was	 demonstrated	 by	 an
increasing	 dosage	 requirement	 over	 time	 to	 maintain	 adequate	 neuromuscular
blockade.	 Seven	 of	 nine	 patients	 in	 one	 series	 received	 atracurium.	Resistance
was	overcome	by	switching	 to	 low	 infusion	 rates	of	pancuronium	 in	 three	and
doxacurium	 in	 four.	 The	 remaining	 two	 patients	 developed	 resistance	 on
vecuronium.	 The	majority	 of	 the	 reports	 of	NMBA	 resistance	 have	 been	with
vecuronium	 and	 atracurium.	 It	 is	 unclear	 whether	 these	 findings	 are	 due	 to
increased	 use	 of	 these	 agents	 over	 other	NMBA	 in	 the	 ICU,	 that	 one	 is	more
likely	to	identify	an	increased	dose	requirement	with	a	continuous	infusion	than
with	PRN	dosing	as	with	pancuronium,	or	something	unique	to	atracurium	and
vecuronium.

Adverse	outcomes	associated	with	NMBA	resistance	may	include	inadequate
ventilatory	 management	 and	 an	 increased	 frequency	 of	 dose-dependent
cardiovascular	 effects	 or	 adverse	 effects	 associated	 with	 frequent	 dosing	 with
histamine	 release	 with	 some	 agents.	 Pharmacoeconomic	 issues	 must	 be
considered	as	the	cost	of	NMBA	therapy	in	a	resistant	patient	may	be	significant.

Proposed	 pharmacodynamic	 mechanisms	 of	 resistance	 include	 the	 up-
regulation	of	 the	ACh	receptors	(AChR)	caused	by	immobilization,	sepsis,	and
polyneuropathy,	alterations	in	AChR	sensitivity,	enhanced	release	of	ACh	at	the
neuromuscular	 junction,	 and	 inhibition	 of	 serum	 cholinesterase	 activity.1	 It	 is
now	 clear	 that	 chronic	 administration	 of	 NMBA	 itself	 can	 lead	 to	 the
development	of	extrajunctional	 receptors.	An	additional	 factor	 that	may	 induce



tolerance	can	be	the	qualitative	change	occurring	in	the	AChR,	which	alters	its
affinity	for	NMBA.	Pharmacokinetic	alterations	in	NMBA,	increased	volume	of
distribution	 (hepatic	 disease	 and	 thermal	 injury),	 increased	 protein	 binding
(inflammation,	 surgery,	 malignancy,	 myocardial	 infarction,	 or	 thermal	 injury),
and	an	 increase	 in	clearance	 (thermal	 injury	and	acid	base	abnormalities)	have
been	 documented	 in	 ICU	 patients	 and	 are	 thought	 to	 contribute	 to	 NMBA
resistance.

Factors	Affecting	Paralysis
Many	factors	can	 influence	 the	degree	of	paralysis	 induced	by	NMBA.	Effects
can	 be	 antagonistic	 or	 may	 potentiate	 neuromuscular	 blockade.	 The	 resulting
clinical	 manifestations	 depend	 on	 the	 degree	 of	 blockade	 induced,	 the	 agent
used,	 and	 individual	 patient	 characteristics.	 Table	 12-3	 lists	 pathophysiologic
variables	 and	 medications	 capable	 of	 altering	 the	 effects	 of	 nondepolarizing
NMBA.	Selected	electrolyte	and	metabolic	disturbances	are	known	to	contribute
to	 enhanced	 blockade	 (e.g.,	 hyponatremia,	 hypokalemia,	 hypermagnesemia,
hypocalcemia,	 and	 acidosis)	 or	 decreased	 blockade	 (e.g.,	 hypercalcemia,
alkalosis).	 Alkalosis	 and	 acidosis	 are	 the	 most	 common	 impact	 on	 agents
metabolized	by	Hoffman	elimination.	This	pathway	is	increased	by	alkalosis	and
slowed	 by	 acidosis.	 Close	monitoring	 of	 the	 patient	 after	 correction	 of	 any	 of
these	electrolyte	or	metabolic	disturbances	is	critical.	In	addition,	numerous	drug
interactions	 and	 underlying	 disease	 states	 can	 clinically	 affect	 the	 action	 of
NMBA.	 These	 interactions	 are	 summarized	 in	 Table	 12-3.	 Empiric	 dose
adjustments	 combined	 with	 careful	 TOF	 monitoring	 is	 recommended.	 In
addition	 the	SCCM	 recommends	 stopping	 the	NMBA	once	daily	 to	 assess	 the
patient.	 These	 two	 monitoring	 parameters	 should	 allow	 for	 optimization	 of
neuromuscular	blockade	while	avoiding	adverse	effects.

TABLE
12-3

Clinical	Variables	Affecting	Pharmacodynamics	of
Nondepolarizing	NMBAs





Adverse	Effects	of	Neuromuscular	Blockade
The	 undesired	 effects	 of	 the	 NMBA	 can	 be	 divided	 into	 three	 categories	 (1)
complications	 that	 result	 from	 the	patient’s	 inability	 to	move	and	are	 therefore
common	 to	 all	NMBA,	 (2)	 side	 effects	 specific	 to	 individual	NMBA,	 and	 (3)
prolonged	 weakness	 after	 discontinuing	 the	 use	 of	 NMBA,	 a	 complication	 of
unclear	 etiology.	 The	 complications	 of	 NMBA	 secondary	 to	 the	 patient’s
inability	 to	 move	 include	 pressure	 injury	 to	 nerves,	 pressure	 necrosis	 and
ulceration,	cough	failure	and	retention	of	secretions,	impaired	ability	to	perform
neurologic	and	abdominal	examinations,	and	disuse	atrophy.

Neuromuscular	 blocking	 agents	 are	 divided	 according	 to	 basic	 molecular
structure	into	amino-steroid	and	benzylisoquinolinium	compounds.	Each	class	is
associated	 with	 its	 own	 particular	 complications,	 and	 some	 complications	 are
common	to	both.	For	example	some	benzylisoquinolinium	agents	are	associated
with	 histamine	 release,	whereas	 steroidal	NMBAs	 are	 not.	Autonomic	 adverse
effects,	 anaphylactic	 and	 anaphylactoid	 reactions	 are	 common	 to	 all	 classes	 of
NMBA.	 Adverse	 effects	 may	 affect	 neuromuscular	 function	 or	 other	 organ
systems.	 Molecular	 class	 and	 side	 effects	 specific	 to	 individual	 NMBAs	 are
summarized	in	Table	12-4.

TABLE
12-4 Major	adverse	effects	of	NMBA



S,	steroidal	structure;	B,	benzylisoquinolinium;	IV,	intravenous;	SVR,	systemic	vascular	resistance;	BP,
blood	pressure;	CV,	cardiovascular;	HR,	heart	rate;	BP,	blood	pressure;	CO,	cardiac	output;	ICP,	intracranial
pressure;	IOP,	intraocular	pressure;	NMBA,	neuromuscular	blocking	agent.

As	 the	 practice	 of	 intensive	 care	medicine	 has	 become	more	 sophisticated,
reports	 of	myopathies	 and	 neuropathies	 occurring	 in	 patients	 in	 the	 ICU	 have
also	been	noted.	Intravenous	corticosteroids	and	NMBA,	sepsis,	and	multiorgan
failure	have	been	strongly	implicated	in	the	development	of	these	conditions,	but
the	 pathophysiology	 is	 poorly	 understood.	 Although	 the	 cause	 of	 prolonged
weakness	 often	maybe	multifactorial,	 several	 distinct	 clinical	 syndromes	 have
been	 identified.	 Critical	 illness	 polyneuropathy	 (CIP)	 can	 cause	 prolonged
weakness	 in	 patients	 with	 sepsis	 or	 multisystem	 failure	 that	 generally	 is
unrelated	 to	 the	 administration	of	NMBAs.	Other	neuromuscular	diseases	may



emerge	or	become	symptomatic	in	the	ICU,	including	Guillain-Barré	syndrome.
The	combination	of	corticosteroids	and	NMBA	is	associated	with	critical	illness
myopathy	(CIM).	Transient	weakness	may	occur	in	the	ICU	patient	as	a	result	of
metabolic	 derangements	 that	 include	 hypercalcemia,	 hypophosphatemia,	 and
hypermagnesemia.1

SUMMARY

In	 addition	 to	 their	 use	 in	 the	 operating	 room	 and	 for	 intubation,	 specific
situations	may	arise	that	require	the	use	of	NMBA	in	the	ICU.	When	choosing
an	agent,	the	major	issues	include	cardiovascular	effects,	metabolism,	and	cost.
Because	many	patients	in	the	ICU	have	some	degree	of	hemodynamic	instability,
agents	 that	 cause	 excessive	histamine	 release	 should	be	 avoided.	These	 agents
should	 also	 be	 avoided	 in	 the	 asthmatic	 patient.	 In	 addition,	 the	 presence	 of
hepatic	 or	 renal	 insufficiency	 may	 affect	 metabolism	 or	 elimination	 of	 some
agents.	 Intermittent	 dosing	may	 be	 preferable	 to	 continuous	 infusions	 in	 these
cases.	Atracurium	or	cisatracurium	may	be	a	more	appropriate	choice	in	patients
with	significant	multiorgan	dysfunction,	because	their	metabolism	is	not	altered
by	these	conditions.	Regardless	of	choice	of	agent,	adjustment	of	the	dose	based
on	movement	(with	 intermittent	dosing)	or	with	peripheral	nerve	stimulation	 is
recommended.	ICU	patients’	conditions	are	complex,	and	significant	interpatient
variability	exists.	Some	of	this	variability	may	be	explained	by	pharmacokinetic
alterations,	 metabolic	 disorders,	 drug-drug	 interactions,	 or	 the	 patient’s
underlying	disease	state	(Table	12-3).	An	additional	problem	that	occurs	 in	 the
ICU	 patient	 who	 received	 NMBAs	 for	 a	 prolonged	 period	 of	 time	 is	 the
development	 of	 tachyphylaxis.	 The	 primary	 cause	 is	 thought	 to	 be	 an	 up-
regulation	of	ACh	receptors	in	patients	who	are	chronically	exposed	to	NMBAs.
Given	 NMBAs’	 adverse	 effects	 profile,	 the	 SCCM	 recommends	 that	 they	 be
administered	only	when	aggressive	 attempts	 at	 sedation	have	 failed	 to	provide
the	desired	level	of	patient	immobilization,	and	that	they	should	be	discontinued
as	early	as	feasible.

CASE	STUDIES

CASE	1:	LOADING	DOSE	AND	ADMINISTRATION



CJ	is	a	56-year-old	male	who	has	been	in	the	medical	intensive	care	unit	with	a
diagnosis	 of	 respiratory	 failure.	 He	 weighs	 70	 kg.	 The	 ICU	 team	 decides	 to
mechanically	ventilate	him	and	administer	atracurium.

QUESTION	1

What	loading	dose	of	atracurium	should	be	administered?

Answer:
To	calculate	 the	 initial	 loading	dose	of	atracurium,	 the	pharmacokinetic	dosing
method	is	utilized.	The	initial	dose	can	be	administered	as	a	range	of	0.4	or	0.5
mg/kg.22

Loading	Dose	=	0.4	mg/kg	×	70	kg	=	28	mg

Bolus	 doses	 of	 neuromuscular	 blocker	 agents	 (NMBAs)	 are	 administered	 in
order	 to	achieve	 rapid	neuromuscular	blockade.	Most	NMBAs	with	a	 long	 t½,
can	 be	 administered	 as	 bolus	 doses.	 Potential	 benefits	 of	 NMBA	 bolus
administration	include	controlling	tachyphylaxis,	accumulation,	and	unwarranted
paralysis.2	Serum	concentrations	of	NMBAs	are	not	typically	calculated.

Administration:	 NMBAs	 can	 be	 administered	 intravenously	 (IV)	 as	 an
undiluted	bolus.	The	continuous	IV	administration	of	atracurium,	cisatracurium,
doxacurium,	 mivacurium,	 pancuronium,	 pipecuronium,	 rocuronium,	 and
vecuronium	 must	 be	 diluted	 appropriately	 and	 requires	 monitoring	 with	 a
peripheral	nerve	stimulator	and	titration	to	ensure	adequate	paralysis	with	train-
of-four	 (TOF)	 monitoring.	 Monitoring	 the	 depth	 neuromuscular	 blockade	 is
imperative	 to	 reduce	 adverse	 events	 and	 minimize	 the	 amount	 of	 drug
administered.	 The	 goal	 TOF	 as	 recommended	 by	 the	 Society	 of	 Critical	 Care
Medicine	is	one	to	two	twitches	out	of	four,	corresponding	to	90	or	80	percent	of
receptors	blocked.2

CASE	2:	MAINTENANCE	DOSE	USING	POPULATION
PHARMACOKINETICS
MH	is	a	50-year-old	 female	mechanically	ventilated	on	adequate	sedation	and
analgesia.	 She	 weighs	 60	 kg.	 Her	 O2	 saturation	 has	 decreased	 to	 75	 percent
(>90%).	The	ICU	team	decides	to	start	her	on	a	pancuronium	drip.



QUESTION

What	loading	dose	of	pancuronium	should	be	administered	and	what	continuous
infusion	should	be	started?

Answer:
The	loading	dose	of	pancuronium	is	0.1	mg/kg.	MH’s	loading	dose	is	6	mg.	The
continuous	 infusion	 of	 pancuronium	 ranges	 from	0.8	 to	 2	mcg/kg/min,	 or	 1–5
mg/hr.23	Maintenance	of	neuromuscular	blockade	with	NMBAs	can	be	sustained
with	a	continuous	infusion.	Agents	with	short	half-lives,	such	as	atracurium	and
cisatracurium	 require	 administration	 as	 continuous	 infusions	 to	 maintain
neuromuscular	blockade.2	To	minimize	 the	accumulation	and	potential	 adverse
effects	 of	 NMBAs,	 monitoring	 TOFs	 frequently	 is	 recommended,	 along	 with
clinically	assessing	the	need	for	NMBA’s	continuous	use	at	least	daily.	Patients
receiving	 continuous	 infusions	 of	NMBA	could	 also	 develop	 tachyphylaxis.	 If
tachyphylaxis	occurs	and	neuromuscular	blockade	is	still	needed,	a	higher	doses
of	NMBA	can	be	used.	Another	alternative	 is	 to	use	a	different	neuromuscular
blocking	agent.2

CASE	3:	DRUG	INTERACTION	THAT	DECREASES	LEVELS
CF	 is	 a	 25-year-old	 male	 with	 history	 of	 seizure	 disorder	 and	 has	 been
maintained	 and	 controlled	 on	 phenytoin	 therapy	 400	 mg	 daily.	 The	 patient	 is
admitted	for	an	elective	excision	of	a	posterior	fossa	brain	tumor.	A	dose	of	200
mg	 was	 given	 four	 hours	 prior	 to	 surgery.	 During	 surgery,	 pancuronium	 0.8
mg/kg	was	administered.	CF	had	an	inadequate	response	to	the	first	dose.

QUESTION

What	 can	be	done	 to	overcome	 the	 resistance	of	neuromuscular	blockade	with
pancuronium?

Answer:
Resistance	 to	 neuromuscular	 blockade	 can	 occur	 with	 concomitant
administration	 of	 phenytoin	 and	 pancuronium.25,26	 Other	 NMBAs	 affected	 by



this	 interaction	 include	 cisatracurium	 and	 vecuronium.27,28	 Concurrent
administration	 of	 pancuronium	 and	 phenytoin	 has	 led	 to	 administration	 of
incremental	doses	of	pancuronium.	 In	a	case	 report	by	Hickey	and	colleagues,
pancuronium	was	administered	at	doses	up	 to	0.17	mg/kg	over	one	hour	and	a
decreased	 effect	 was	 observed	 with	 each	 additional	 dose.29	 Blood	 samples
collected	from	a	patient	receiving	phenytoin	and	pancuronium	resulted	in	a	short
half-life	 of	 pancuronium,	 as	 well	 as	 a	 small	 volume	 of	 distribution.26	 The
mechanism	 of	 pancuronium	 resistance	 may	 arise	 from	 induction	 of	 hepatic
enzymes	with	phenytoin,	alterations	in	plasma	protein	binding	as	well	as	tissue
binding,	 or	 modifications	 in	 the	 myoneuronal	 junctional	 response	 to
pancuronium.24-26

Chronic	carbamazepine	therapy	can	antagonize	the	action	of	NMBAs.30	The
nondepolarizing	 agents	 affected	 by	 this	 drug-drug	 interaction	 include
vecuronium,	pancuronium,	rocuronium,	and	atracurium.30,31,32,33	Case	reports	of
patients	on	carbamazepine	maintenance	therapy	by	Whalley	and	colleagues	and
by	 Norman	 and	 colleagues	 showed	 that	 higher	 doses	 of	 vecuronium	 were
required	 in	 order	 to	 achieve	 neuromuscular	 blocking	 effects	 comparable	 to
patients	with	no	carbamazepine	 therapy.30,34	 The	mechanism	of	 this	 drug-drug
interaction	 can	 be	 due	 to	 increased	 metabolism	 and	 clearance	 of
vecuronium.34,35

Theophylline	 and	 pancuronium	 therapy	 administered	 simultaneously	 has
resulted	in	a	reduced	response	in	neuromuscular	blockade.36	The	mechanism	of
this	drug-drug	interaction	is	unclear.

CASE	4:	DRUG	INTERACTION	THAT	INCREASES	LEVELS
TR	is	a	23-year-old	 female	who	sustained	 injuries	after	a	motor	vehicle	crash.
She	 weighs	 55	 kg	 and	 is	 being	 treated	 with	 gentamicin	 380	 mg	 IV	 daily	 and
cefazolin	 1	 g	 IV	 q8h	 for	 an	 open	 femur	 fracture.	 TR	 is	 taken	 to	 the	 operating
room	 to	 fix	 the	 fracture	 and	 received	 rocuronium	 20	 mg	 to	 facilitate
endotracheal	intubation	and	muscle	relaxation.

QUESTION
What	drug-drug	interaction	exists	between	these	agents?



Answer:
NMBAs’	 duration	 of	 action	 and	 time	 to	 recovery	 from	paralysis	 are	 increased
when	administered	concomitantly	with	aminoglycosides.	This	 interaction	could
result	 in	prolonged	paralysis	 and	acute	myopathy.	Potential	patient	 risk	 factors
for	 increased	 clinical	 duration	 of	 paralysis	 include	 continuous	 infusions,	 acid-
base	disorders,	electrolyte	disturbances,	concurrent	use	of	medications	that	may
augment	 neuromuscular	 blockade	 (i.e.,	 corticosteroids,	 calcium-channel
blockers,	aminoglycosides),	and	renal	and	hepatic	insufficiency.37	A	study	led	by
Dupuis	 assessed	 drug	 interactions	 between	 gentamicin	 and	 tobramycin	 and
atracurium	and	vecuronium.	The	aminoglycosides	 increased	 the	neuromuscular
blockade	of	vecuronium,	while	atracurium	was	not	affected.38	The	mechanism	of
this	 drug-drug	 interaction	 may	 result	 in	 increased	 binding	 of	 vecuronium	 to
neuromuscular	receptors.

Sustained	 concomitant	 administration	 of	 NMBAs	 and	 corticosteroids	 may
also	 increase	 the	 risk	 of	 myopathy,	 resulting	 in	 prolonged	 paralysis.	 This
interaction	affects	neuromuscular	transmission.	NMBAs	should	be	discontinued
if	corticosteroids	need	to	be	administered.39

CASE	5:	DISEASE	STATE	INTERACTIONS
YT	 is	 a	 35-year-old	 male	 admitted	 with	 injuries	 sustained	 after	 a	 motorcycle
crash	14	days	ago.	The	patient	is	found	to	have	a	spinal	cord	injury	(SCI)	with
cervical	4–5	fracture.	YT	will	be	paralyzed	with	pancuronium	during	a	bedside
tracheostomy,	since	he	was	unable	to	be	weaned	from	the	ventilator.

QUESTION

What	risk	factors	does	YT	have	for	ICU	myopathy?

Answer:
Critically	 ill	 patients	 are	 at	 risk	 of	 developing	 myopathy,	 as	 well	 as
polyneuropathy,	 regardless	 of	 the	 primary	 injury.40	 Critical	 illness
polyneuropathy	 (CIP)	 has	 been	 recognized	 in	 patients	 with	 sepsis	 or	 multiple
organ	dysfunction	syndrome	and	the	elderly.41	Clinical	manifestations	of	CIP	are
muscle	 atrophy	 and	weaning	 failure.	 The	mechanism	 or	 cause	 of	 CIP	 has	 not
been	 elucidated.42	 Nerve	 and	 muscle	 disorders	 and	 syndromes	 that	 may



exacerbate	 these	 conditions	 include	 myasthenia	 gravis,	 Lambert-Eaton
syndrome,	Guillain-Barré	syndrome,	central	nervous	system	 injury,	 spinal	cord
injury,	 mitochondrial	 myopathy,	 HIV-related	 myopathy,	 acute	 myopathy	 of
intensive	care,	 and	disuse	atrophy.2,40,42	Recovery	 from	CIP	or	 ICU	myopathy
necessitates	 prolonged	 hospitalization,	 physical	 therapy,	 and	 rehabilitation.
Critically	 ill	patients	who	are	paralyzed	require	venous	 thrombosis	prophylaxis
and	prophylactic	eye	care	to	prevent	keratitis	and	corneal	abrasions.

YT’s	 risk	 factors	 include	 his	 spinal	 cord	 injury,	 use	 of	 neuromuscular
blockers,	and	being	a	critically	ill	patient.

CASE	6:	DOSING	IN	RENAL	DYSFUNCTION	[NO
HEMODIALYSIS]
ZG	 is	 an	 86-year-old	 female	 who	 presents	 with	 pneumonia	 and	 requires
intubation.	 ZG’s	 past	medical	 history	 is	 significant	 for	 chronic	 kidney	 disease
stage	III.

QUESTION
What	paralytic	agent	would	be	ideal	for	ZG’s	intubation?

Answer:
The	elimination	of	drugs	in	patients	with	impaired	renal	function	is	reduced.	The
kidney	 is	 not	 the	 only	 route	 for	 drug	 elimination,	 and	 alternate	 pathways	 for
elimination	such	as	biliary	excretion,	hepatic	metabolism,	ester	hydrolysis,	and
Hofmann	 elimination	 exist.43	 The	 selection	 of	 NMBAs	 in	 patients	 with	 renal
failure	must	 be	 done	with	 caution.	 The	 clearance	 of	 renally	 excreted	 drugs	 is
reduced;	 therefore,	 NMBAs’	 active	 drug	 and	 metabolites	 can	 accumulate	 and
prolong	 their	 duration	 of	 action.	 The	 metabolism	 of	 atracurium	 and
cisatracurium	is	independent	of	renal	function.22,28,44	Rocuronium	can	be	used	in
patients	 with	 renal	 dysfunction;	 however,	 neuromuscular	 blockade	 can	 be
increased	in	patients	with	renal	insufficiency.45	Vecuronium	is	renally	excreted,
its	 duration	 of	 action	 is	 increased,	 and	 it	 can	 prolong	 neuromuscular
blockade.46,47	 Renal	 insufficiency	 significantly	 increases	 the	 half-life	 and
concentrations	of	pancuronium.	Dosage	adjustments	are	required	in	patients	with
mild-to-moderate	renal	insufficiency.23



Atracurium	and	cisatracurium	could	be	used	in	ZG.

CASE	7:	DOSING	IN	HEMODIALYSIS
ZG	deteriorated	overnight,	became	hypotensive	(responded	to	fluid	boluses),	and
her	 laboratory	 values	 today	 are	 as	 follows:	 Na	 120	 (135–145	 mg/dL);	 K	 4.6
(3.5–4.5	mg/dL);	Cl	88	(98–107	mg/dL);	CO2	20	(21–32	mmol/L);	BUN	100	(7–
18	mg/dL);	SCr	8.4	(0.8–1.3	mg/dL);	Gluc	111	(74–106	mg/dL);	phosphorus	8.5
(2.5–4.9	 mg/dL);	 arterial	 blood	 gas	 7.27/21.2/14.4.	 The	 patient	 will	 start
hemodialysis	today	secondary	to	metabolic	acidosis	and	electrolyte	imbalance.

QUESTION
If	an	NMBA	is	needed,	which	agent	could	be	administered	in	this	patient?

Answer:
Parameters	 that	 can	 affect	 patients	 requiring	 neuromuscular	 blockade	 and
undergoing	 dialysis	 include	 a	 larger	 volume	 of	 distribution,	 reduced	 renal
clearance,	 and	 increased	 duration	 of	 action.48	 Therefore,	 monitoring	 after
NMBA	 administration	 in	 hemodialysis	 patients	 is	 critical.	 Administration	 of
NMBAs	in	patients	with	renal	dysfunction	can	lead	to	prolonged	and	profound
neuromuscular	 blockade,	 which	 can	 continue	 despite	 hemodialysis.49	 The
metabolism	 of	 atracurium	 and	 cisatracurium	 is	 independent	 of	 renal
function.22,28,50	A	 study	 conducted	by	Staals	 and	others	 included	patients	with
severe	 to	 end-stage	 renal	 failure	 who	 received	 rocuronium.	 The	 total	 plasma
clearance	 of	 rocuronium	 was	 reduced	 in	 these	 patients	 compared	 to	 healthy
controls.51	 A	 study	 compared	 vecuronium	 versus	 atracurium	 in	 patients	 with
end-stage	 renal	 failure	 undergoing	 kidney	 transplantation.52	 The	 duration	 of
action	 of	 initial	 and	maintenance	 doses	 was	 prolonged	 with	 vecuronium.	 The
study	 suggested	 the	 use	 of	 atracurium	 in	 patients	with	 end-stage	 renal	 failure.
Pancuronium	 should	 be	 avoided	 in	 patients	 with	 severe	 renal	 dysfunction.47
Cisatracurium	can	be	administered	in	ZG.

CASE	8:	DOSING	IN	CRITICALLY	ILL	WITH	HIGH
VOLUME	OF	DISTRIBUTION



AW	is	a	40-year-old,	80	kg	male	in	the	ICU	for	injuries	sustained	during	a	motor
vehicle	accident.	He	has	a	Tmax	of	101.8°	F,	WBC	23,000	(3,700–10,400),	mean
arterial	 blood	 pressure	 >60	 mm	 Hg,	 and	 heart	 rate	 >80	 mm	 Hg	 on
Norepinephrine	 1	 mcg/kg/min.	 In	 the	 operating	 room	 he	 received	 10	 liters	 of
normal	 saline,	 two	 6-pack	 of	 platelets,	 six	 units	 of	 fresh	 frozen	 plasma,	 and	 4
units	of	whole	blood.	AW	will	be	paralyzed	with	Vecuronium	during	a	bedside
bronchoscopy.

QUESTION

How	 do	 you	 expect	 a	 larger	 volume	 of	 distribution	 to	 affect	 the	 dose	 of
Vecuronium?

Answer:
Acute	 increases	 in	 volume	 of	 distribution,	 which	 involves	 movement	 of	 fluid
from	the	intravascular	to	the	extracellular	space,	are	often	observed	in	critically
ill	patients	due	 to	disease	states	 such	as	 sepsis,	congestive	heart	 failure,	burns,
and	 renal	 failure.	 Additionally,	 hemodynamic	 instability	 or	 major	 surgical
procedures	may	 require	 patients	 to	 receive	 large	 volumes	 of	 fluid,	which	 also
contribute	 to	 an	 increase	 in	 volume	 of	 distribution.	 Because	 neuromuscular
blockers	are	polar	and	hydrophilic,	the	volume	of	distribution	in	hemodilution	is
expected	to	increase.	Xue	and	colleagues	showed	the	effects	of	hemodilution	on
vecuronium	 pharmacokinetics	 in	 surgical	 patients.53	 The	 mean	 volume	 of	 the
central	compartment	and	volume	of	distribution	at	steady	state	were	greater,	and
the	elimination	half-life	was	 significantly	 longer	 (p	<0.05)	 in	 the	patients	who
received	hemodilution	compared	to	the	control	patients.	No	conclusive	literature
supports	dosing	adjustments	of	neuromuscular	blockers	 in	patients	with	altered
volumes	of	distribution.	It	may	be	assumed	based	on	the	results	of	this	study	that
patients	 with	 larger	 volumes	 of	 distribution	 will	 require	 an	 initial	 increase	 in
dosage	 to	 achieve	 optimal	 neuromuscular	 blockage.	 Conversely,	 it	 may	 be
assumed	in	conditions	of	hypovolemia	or	low	volume	of	distribution	that	lower
initial	doses	would	be	required	and	that	the	clinical	duration	of	action	would	be
shorter	 than	 in	 euvolemic	 patients.	 AW	 may	 need	 a	 larger	 initial	 dose	 of
vecuronium.	Monitoring	with	train-of-four	should	be	initiated	to	ensure	effective
and	safe	dosing	if	repeated	doses	or	a	continuous	infusion	is	administered.

CASE	9:	DOSING	IN	OBESE	PATIENTS



JR	 is	 a	 30-year-old,	 180	 kg	 male	 who	 is	 in	 the	 intensive	 care	 unit	 with	 a
subdural	hematoma.	Currently,	he	is	hemodynamically	stable	and	intubated.	He
has	a	ventriculostomy	 in	place	 to	monitor	 intracranial	pressures.	The	cerebral
perfusion	 pressure	 (CPP)	 was	 calculated	 to	 be	 75–80	 mm	 Hg.	 JR	 requires
reintubation	secondary	to	his	endotracheal	tube	becoming	dislodged	and	will	be
paralyzed	with	vecuronium.

QUESTION
What	weight	should	be	used	to	determine	the	dose?

Answer:
Because	obesity	affects	all	aspects	of	pharmacokinetics	and	pharmacodynamics,
it	is	difficult	to	predict	how	an	individual	will	respond	to	a	particular	agent.	It	is
unclear	whether	weight-related	dosage	adjustments	should	be	made	and	whether
these	agents	should	be	based	on	actual	weight,	ideal	weight,	or	an	adjusted	body
weight.	 Lipophilicity	 of	 the	 agent	 can	 suggest	 the	 required	 dose.	 Lipophilic
agents	 have	 an	 increased	 volume	 of	 distribution	 and	 an	 expected	 larger	 dose.
However,	lipophilicity	is	not	always	consistent	due	to	other	factors	such	as	end-
organ	 clearance	 and	 protein	 binding.	 Neuromuscular	 blockers	 are	 polar	 and
hydrophilic.54	The	effect	of	obesity	on	the	disposition	and	action	of	vecuronium
0.1	 mg/kg	 was	 studied	 in	 seven	 obese	 and	 seven	 control	 surgical	 patients.55
Pharmacokinetics,	 including	 volume	 of	 distribution,	 plasma	 clearance,	 and
elimination	half-life,	were	similar	between	groups.	However,	 times	 to	recovery
were	 longer	 in	 the	 obese	 patients	 as	 compared	 to	 the	 control	 patients.	 The
volume	 of	 distribution	 was	 calculated	 to	 be	 50	 percent	 smaller	 in	 the	 obese
patients,	 consistent	 with	 the	 hydrophilicity	 of	 the	 drug.	 It	 was	 determined	 in
order	to	reduce	the	risk	of	overdosing	that	obese	patients	should	be	administered
on	ideal	body	weight.	JR	should	be	administered	vecuronium	based	on	his	ideal
body	 weight.	 Monitoring	 with	 train-of-four	 should	 be	 initiated	 to	 ensure
effective	and	safe	dosing.

CASE	10:	DOSING	IN	HYPOTHERMIA
MT	 is	 a	 29-year-old,	 85	 kg	 male	 undergoing	 hypothermia	 secondary	 to	 a
traumatic	 brain	 injury.	He	 is	 being	 cooled	 to	 330	C	 and	 requires	 paralysis	 to



prevent	shivering.

QUESTION

How	does	hypothermia	affect	 the	pharmacokinetics	of	neuromuscular	blocking
agents?	 Which	 neuromuscular	 blocking	 agent	 would	 be	 ideal	 to	 use	 in	 a
hypothermic	patient?

Answer:
The	influence	of	hypothermia	on	the	effect	of	drugs	is	becoming	more	clinically
relevant	 as	 the	 use	 of	 therapeutic	 hypothermia	 expands	 to	 multiple	 patient
populations.	 Human	 studies	 demonstrate	 a	 reduction	 in	 the	 adductor	 pollicis
twitch	response	in	the	presence	of	hypothermia.	A	2–10	percent	reduction	in	the
twitch	response	has	been	reported	to	occur	for	every	degree	Celsius	decreased.56
This	 response	 can	 complicate	 the	 study	 of	 hypothermia	 and	 its	 effects	 on
neuromuscular	 blockers.	 However,	 in	 vivo	 animal	 and	 human	 studies
consistently	demonstrate	 that	 the	duration	of	action	of	neuromuscular	blocking
agents	is	prolonged	with	hypothermia,	even	within	the	temperature	range	of	34–
370	C.	Hypothermia	has	been	shown	in	pharmacokinetic	studies	to	increase	the
duration	 of	 action	 by	 threefold	 for	 vecuronium	 and	 1.5-fold	 for	 atracurium	 as
compared	 to	 normothermic	 patients.57,58,59	 It	 has	 been	 shown	 to	 increase	 the
duration	of	action	of	rocuronium	by	5	minutes	for	every	degree	Celsius	decrease
in	core	body	temperature.60	Additionally,	hypothermia	has	been	shown	to	reduce
the	 plasma	 clearance	 of	 vecuronium	 by	 11	 percent	 per	 degree	 Celsius	 and
decrease	the	clearance	of	rocuronium	by	twofold.60,61	Of	note,	moderate	to	deep
hypothermia,	 27–340	 C,	 is	 frequently	 used	 during	 cardiopulmonary	 bypass.
Despite	 significant	 changes	 in	physiologic	parameters	 secondary	 to	 changes	 in
plasma	 volume	 and	 blood	 flow	 to	 the	 kidneys	 and	 liver,	 the	 actions	 of
hypothermia	appear	 to	 remain	 the	same	regarding	 its	effects	on	neuromuscular
blocking	 agents,	 which	 has	 been	 shown	 for	 d-tubocurarine,	 pancuronium,
atracurium,	and	vecuronium.56

Currently,	 no	 ideal	 agent	 is	 available	 for	 use	 in	 hypothermia.	 Hypothermia
appears	 to	 prolong	 the	 duration	 of	 action	 and	 recovery	 times	 with	 all	 agents.
Lower	 doses	 and/or	 scheduled	 doses	 may	 be	 considered	 as	 opposed	 to
continuous	 infusions.	 Continuous	 or	 frequent	 monitoring	 with	 train-of-four
should	be	employed	to	reduce	the	risk	of	prolonged	paralysis.



CASE	11:	DOSING	IN	HEPATIC	DYSFUNCTION
MM	is	a	62-year-old,	72	kg	female,	admitted	to	the	cardiovascular	surgery	ICU
following	a	three-vessel	coronary	artery	bypass	graft	(CABG)	surgery.	MM	had
significant	 pulmonary	 edema	 during	 the	 surgery,	 and	 her	 chest	 had	 to	 be	 left
open	at	the	end	of	the	surgery.	When	she	arrives	in	the	ICU,	the	surgeon	would
like	 to	 put	 the	 patient	 on	 NMBA	 to	 prevent	 any	 movement	 while	 her	 chest	 is
open.	Her	vitals	are:	temperature	96.9	°F,	blood	pressure	109/72	mm	Hg,	heart
rate	98	bpm,	respiratory	rate	14	breaths/minute.	Her	postoperative	labs	include:
creatinine	0.9	mg/dL	(0.8–1.2	mg/dL),	AST	522	units/L	(0–37	units/L),	ALT	438
units/L	(0–65	units/L).

QUESTION
Which	 neuromuscular	 blocking	 agents	 could	 be	 used	 in	MM,	 and	 would	 they
require	a	dosage	adjustment	due	to	her	elevated	liver	enzymes?

Answer:
Pharmacokinetic	properties	of	some	NMBAs	may	be	altered	in	the	presence	of
hepatic	 impairment.62	 Patients	 with	 severe	 hepatic	 dysfunction	 receiving
rocuronium	 have	 been	 shown	 to	 have	 approximately	 twice	 the	 volume	 of
distribution	(0.26	L/kg	in	normal	hepatic	function	vs.	0.53	L/kg	in	severe	hepatic
dysfunction)	and	twice	the	plasma	half-life	(2.4	hours	in	normal	hepatic	function
vs.	 4.3	 hours	 in	 severe	 hepatic	 dysfunction)	 compared	with	 patients	who	have
normal	hepatic	function.63	As	a	result	of	these	changes	in	volume	of	distribution
and	 plasma	 half-life,	 the	 clinical	 duration	 of	 effect	 of	 rocuronium	 in	 hepatic
dysfunction	is	prolonged	1.5	times	the	duration	in	a	patient	with	normal	hepatic
function.63	Doses	for	intubation	up	to	0.6	mg/kg	have	been	used	in	patients	with
severe	 hepatic	 impairment;	 however,	 information	 on	 the	 use	 of	 a	 continuous
infusion	 for	 extended	 neuromuscular	 blocking	 activity	 with	 rocuronium	 in
hepatic	 dysfunction	 is	 limited.63	 Frequent	 monitoring	 of	 the	 TOF	 is
recommended,	and	the	minimum	dose	necessary	to	achieve	the	goal	TOF	should
be	used.

Vecuronium	has	also	displayed	an	increased	duration	of	effect	and	prolonged
recovery	time	when	used	in	patients	with	severe	hepatic	dysfunction.	The	dose
of	 vecuronium	 may	 need	 to	 be	 reduced	 in	 patients	 with	 hepatic	 impairment,
although	 the	 data	 recommending	 exactly	 how	 much	 to	 decrease	 the	 dose	 are



limited.46	 If	 vecuronium	 is	 administered	 as	 a	 continuous	 infusion,	 the	 TOF
should	be	frequently	monitored	and	the	infusion	should	be	titrated	to	utilize	the
minimum	dose	necessary	to	achieve	the	goal	TOF.	Upon	discontinuation	of	the
infusion,	the	neuromuscular	blocking	effect	may	be	prolonged.

Pancuronium	is	also	dependent	upon	clearance	through	the	liver	(up	to	20%),
and	 prolonged	 neuromuscular	 blockage	 may	 occur	 in	 patients	 with	 severe
hepatic	dysfunction.23	The	volume	of	distribution	of	pancuronium	increases	by
approximately	 50	 percent,	 and	 clearance	 from	 the	 plasma	 is	 decreased	 by	 22
percent	 in	 the	 presence	 of	 severe	 hepatic	 impairment.23	 As	 a	 result,	 the
elimination	 half-life	 is	 nearly	 double	 the	 half-life	 in	 a	 patient	 with	 normal
hepatic	 function.	Due	 to	 the	 greatly	 increased	 volume	 of	 distribution,	 patients
with	 severe	 hepatic	 dysfunction	 may	 actually	 require	 an	 increased	 dose	 of
pancuronium	 in	 order	 to	 achieve	 adequate	 neuromuscular	 blockade	 during
intubation.23	 However,	 the	 duration	 of	 effect	 may	 then	 be	 significantly
prolonged	due	to	the	significantly	increased	half-life.

Atracurium	and	cisatracurium	may	be	used	safely	at	normal	doses	in	patients
with	 hepatic	 dysfunction	 as	 they	 undergo	 Hofmann	 elimination,	 which	 is	 not
dependent	upon	hepatic	function.61,22,27	Although	a	slight	increase	in	volume	of
distribution	 and	 slight	 decrease	 in	 plasma	 clearance	 of	 cisatracurium	 were
reported	 in	 patients	 with	 end-stage	 liver	 disease,	 the	 elimination	 half-life	 and
clinical	 duration	 of	 effect	 were	 unaltered.27	 However,	 due	 to	 the	 greatly
increased	costs	of	atracurium	and	cisatracurium	compared	with	other	NMBAs,
these	agents	are	usually	reserved	for	those	patients	with	multiorgan	dysfunction.

SPECIAL	CONSIDERATIONS

DOSING	IN	THE	ELDERLY
AG	is	an	86-year-old,	70	kg	female,	admitted	to	the	ICU	with	septic	shock.	The
ICU	team	is	having	difficulty	ventilating	her,	and	they	decide	to	place	her	on	an
NMBA.	 Her	 most	 recent	 labs	 include:	 sodium	 139	 mEq/L	 (135–145	 mEq/L),
potassium	3.3	mEq/L	(3.5–4.5	mEq/L),	HCO3	-	20	mEq/L,	chloride	110	mEq/L,
creatinine	0.9	mg/dL	(0.8–1.2	mg/dL).	AG	is	started	on	rocuronium.



QUESTION

What	should	be	the	initial	bolus	dose	and	initial	infusion	rate?

Answer:
Small	 studies	 have	 evaluated	 the	 effects	 of	 rocuronium	 in	 elderly	 patients.
Advanced	age	has	been	associated	with	a	prolonged	time	of	onset	and	duration
of	action	of	rocuronium;	however,	time	to	recovery	of	neuromuscular	function	is
unchanged	 compared	 to	 younger	 adults.	 No	 significant	 change	 in	 the	 clinical
effectiveness	of	rocuronium	in	the	elderly	is	apparent,	and	increasing	the	initial
dose	 to	 overcome	 the	 delayed	onset	 of	 action	 is	 not	 recommended.	Therefore,
recommended	dosing	 in	 the	elderly	 is	 the	same	as	with	younger	adults.	 In	 this
patient,	an	initial	dose	of	0.6	mg/kg	followed	by	a	continuous	infusion	starting	at
10	mg/kg/minute	would	be	appropriate.62

In	 general,	 the	 effects	 of	 NMBAs	 in	 the	 elderly	 may	 be	 altered	 slightly
compared	with	younger	adults.63	A	prolonged	duration	of	action	in	the	elderly	is
possible	with	 the	use	of	pancuronium	or	vecuronium,	while	other	data	 suggest
the	effects	are	similar	to	younger	adults.45,23	However,	no	significant	change	in
the	elimination	half-life	of	either	agent	in	the	elderly	population	is	evident.	The
volume	of	distribution	and	elimination	half-life	are	slightly	increased	in	patients
older	 than	 65	 years	 receiving	 cisatracurium.63	 However,	 these	 changes	 do	 not
affect	 the	 time	 to	 clinical	 recovery	 of	 neuromuscular	 function,	 and	 no	 dosage
adjustments	 are	 recommended.	 In	 general,	 when	 utilizing	 any	 NMBA	 in	 the
elderly,	it	is	recommended	to	start	at	the	lower	end	of	the	recommended	dosing
range	and	monitor	neuromuscular	effects	closely.63

DOSING	IN	PEDIATRICS
MR	 is	 a	 2-year-old,	 12	 kg	 male,	 admitted	 to	 the	 pediatric	 ICU	 with	 severe
asthma	attack.	He	is	unable	to	maintain	his	oxygenation	and	requires	intubation.

QUESTION

What	dose	of	vecuronium	should	be	used	for	intubation	of	MR?



Answer:
Pediatric	patients	between	1	and	10	years	old	often	require	slightly	higher	initial
doses	of	vecuronium	than	do	adult	patients.45	This	age	group	has	a	slightly	faster
onset	 of	 action	 and	 shorter	 duration	 of	 effect.	 Therefore,	 in	 this	 patient	 an
appropriate	initial	dose	would	be	0.1–0.15	mg/kg	(recommended	adult	dosing	is
0.08–0.1	mg/kg).	Children	may	also	 require	more	 frequent	 supplementation	of
vecuronium	than	do	adults.	Patients	older	than	10	years	of	age	may	be	dosed	the
same	as	 an	adult.	Patients	between	7	weeks	and	1	year	old	 appear	 to	be	more
sensitive	to	vecuronium,	and	duration	of	effect	may	be	prolonged	approximately
1.5	times.

Dosing	 of	many	 other	NMBAs	 in	 the	 pediatric	 population	 is	 similar	 to	 the
adult	dosing.	Rocuronium	and	pancuronium	utilize	the	same	dosing	in	pediatrics
as	with	 adults.62,23	 Dosing	 of	 atracurium	 in	 patients	 older	 than	 2	 years	 is	 the
same	 as	 adults;	 however,	 in	 patients	 between	 1	 month	 and	 2	 years	 the	 dose
should	 be	 decreased	 to	 0.3–0.4	 mg/kg.22	 The	 recommended	 dose	 of
cisatracurium	in	children	between	2	and	12	years	old	 is	0.1–0.15	mg/kg,	while
the	recommended	dose	in	infants	1	month	to	2	years	old	is	0.15	mg/kg.26

DOSING	IN	THE	UNDERWEIGHT/CACHECTIC	PATIENT
Limited	data	on	the	dosing	of	NMBAs	in	underweight	patients	are	available.	In
one	study,	the	duration	of	action	and	time	to	recovery	following	administration
of	rocuronium	was	compared	in	patients	who	were	underweight,	normal	weight,
and	overweight.64	No	 difference	was	 noted	 in	 the	 onset	 of	 action,	 duration	 of
effect,	 or	 time	 to	 recovery	 of	 neuromuscular	 function	 in	 patients	 who	 were
underweight	compared	to	those	who	were	normal	weight.	In	general,	NMBAs	in
underweight	 adult	 patients	 should	 be	 dosed	 using	 standard	 adult	 doses	 based
upon	actual	body	weight.	The	neuromuscular	blocking	effect	should	be	closely
monitored	in	underweight	patients.

CASES:

QUESTION	1

YG	 is	a	57-year-old	male	mechanically	 ventilated,	 adequately	 sedated,	 and	on
analgesia.	 He	 weighs	 70	 kg.	 His	 O2	 saturation	 has	 decreased	 to	 73	 percent



(>90%).	The	ICU	team	decides	to	start	a	pancuronium	drip.	What	loading	dose
of	pancuronium	should	be	administered	and	what	continuous	infusion	should	be
started?

Answer	1:
With	 a	 loading	 dose	 of	 pancuronium	 of	 0.1	 mg/kg,	 for	 YG	 7	 mg	 would	 be
appropriate.	 The	 continuous	 infusion	 of	 pancuronium	 is	 usually	 0.8–2
mcg/kg/min,	 or	 56	 mcg/min	 to	 140	 mcg/min.	 Patients	 receiving	 continuous
infusion	of	NMBAs	should	have	TOFs	monitored	frequently.	 It	 is	necessary	 to
clinically	assess	the	need	for	NMBAs	continuous	use	at	least	daily.

QUESTION	2

MA	 is	 a	 26-year-old,	 90	 kg	 male	 undergoing	 hypothermia	 secondary	 to	 a
traumatic	 brain	 injury.	He	 is	 being	 cooled	 to	 330	C	 and	 requires	 paralysis	 to
prevent	shivering.	Which	neuromuscular	blocking	agent	would	be	ideal	to	use	in
a	hypothermic	patient?

Answer	2:
No	agent	is	ideal	for	use	in	hypothermia.	Hypothermia	may	prolong	the	duration
of	 action	 and	 recovery	 times	with	 all	 agents.	 Lower	 doses	 or	 scheduled	 doses
may	be	considered	as	opposed	to	continuous	 infusions.	Continuous	or	frequent
monitoring	 with	 train-of-four	 should	 be	 employed	 to	 reduce	 the	 risk	 of
prolonged	paralysis.	Agents	that	have	been	utilized	during	hypothermia	include
pancuronium,	atracurium,	and	vecuronium.

QUESTION	3

GB	is	a	55-year-old,	82	kg	 female,	admitted	 to	 the	medical	 intensive	care	unit
after	being	found	unresponsive	at	home.	GB’s	past	medical	history	is	significant
for	end-stage	liver	disease.	When	she	arrives	in	the	ICU,	the	team	would	like	to
put	 the	 patient	 on	 a	 NMBA	 to	 improve	 her	 oxygenation.	 Her	 vitals	 are:
temperature	 96.9	 °F,	 blood	 pressure	 109/72	 mm	 Hg,	 heart	 rate	 98	 bpm,
respiratory	rate	24	breaths/minute,	O2	sat	70%.	Her	labs	include:	creatinine	1.2
mg/dL	(0.8–1.2	mg/dL),	AST	522	units/L	(0–37	units/L),	ALT	438	units/L	(0–65



units/L).	Which	neuromuscular	blocking	agents	could	be	used	in	GB,	and	would
they	require	a	dosage	adjustment	due	to	her	elevated	liver	enzymes?

Answer	3:
Atracurium	 and	 cisatracurium	 undergo	 Hofmann	 elimination,	 which	 is	 not
dependent	upon	hepatic	function,	and	these	agents	may	be	used	safely	at	normal
doses	 in	 patients	 with	 hepatic	 dysfunction.	 A	 slight	 increase	 in	 volume	 of
distribution	and	slight	decrease	in	plasma	clearance	of	cisatracurium	have	been
reported	in	patients	with	end-stage	liver	disease,	but	the	elimination	half-life	and
clinical	duration	of	effect	were	unaltered.
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OVERVIEW

Opioids	 are	 among	 the	 oldest	 documented	 medications	 used	 by	 humans.	 All
opioids	 are	 derivatives	 of	 pharmacologically	 active	 alkaloids	 from	 the	 milky
exudate	 of	 the	 opium	 poppy.	 These	 drugs	 act	 by	 binding	 at	 opioid	 receptors
found	in	the	CNS,	the	colon,	and	to	a	lesser	extent,	the	periphery.	Mu	and	kappa
opioid	receptors	have	clinical	utility	and	delta	opioid	receptors	offer	promise,	but
no	delta	agonist	has	been	found	acceptable	for	human	use	to	date.	However,	new
work	with	biased	legends	offers	promise	of	a	possible	future	delta	opioid	agonist
analgesic.	Most	clinically	useful	opioids	are	mu	agonists	that	also	have	varying
agonist	 activity	 at	 kappa	 receptors.	 The	 mu-1	 aspect	 of	 the	 receptor	 is
responsible	 primarily	 for	 analgesia	 and	 the	 mu-2	 for	 other,	 largely	 adverse,
opioid	effects.	Numerous	subtypes	of	the	mu-1	receptors	have	been	isolated	and
cloned,	clearly	indicating	genetic	polymorphism.	Recent	work	on	opioid	agonist
G	 protein	 coupled	 receptors,	 and	 specifically	 beta	 arrestin,	 has	 elucidated	 our
understanding	 of	 biased	 ligands	 that	 helps	 explain	 the	 mechanisms	 by	 which
opioids	 cause	 some	 adverse	 effects.	 This	 offers	 promise	 of	 new	 agents	which
offer	full	analgesia	with	fewer	adverse	effects.1-5

The	 majority	 of	 opioid	 agents	 are	 indicated	 and	 FDA-approved	 for
management	of	 acute	 and	chronic	pain.	However,	 some	have	 indications	other
than	 pain	 (e.g.,	 naloxone	 for	 opioid	 overdose	 reversal,	 naltrexone	 for	 abuse
mitigation,	naloxegol	 for	opioid-induced	constipation	(OIC),	buprenorphine	for
maintenance	 therapy	 in	 patients	 with	 a	 history	 of	 substance	 abuse,



dextromethorphan	 and	 codeine	 for	 cough,	 diphenoxylate,	 codeine,	 and
loperamide	 for	 diarrhea).	 In	 order	 to	 better	 understand	 and	 differentiate	 the
therapeutic	differences	among	natural,	semisynthetic,	and	synthetic	opioids,	one
must	first	appreciate	the	physiology	and	pharmacology	associated	with	the	class.
This	chapter	will	focus	on	those	medications	used	specifically	for	analgesia	but
will	include	buprenorphine,	as	it	too	is	indicated	for	pain.

These	medications	 fall	 generally	 into	 four	 chemical	 classes:	 phenanthrenes,
benzomorphans,	phenylpiperidines,	and	diphenylheptanes.	A	fifth	hybrid	class	of
synthetics	has	some	chemical	similarities	to	several	of	these	four	groups.	These
dimethylamino	 compounds	 include	 tramadol	 and	 tapentadol	 and	 are	 seen	 in
Figure	 13-1.	 The	 chemical	 class	 of	 an	 opioid	 has	 little	 effect	 on	 its	 clinical
utility.	Note	that	Figure	13-1	lists	cross-sensitivities	as	probable,	possible,	or	low
risk	 for	 each	 class	 from	 left	 to	 right.	 Although	 a	 true	 allergic	 reaction	 to	 any
opioid	 is	 rare,	 pruritis	 is	 quite	 common.	 Pruritic	 reactions	 are	 a	 result	 of
histamine	release	from	mast	cells.	Such	a	reaction	to	one	chemical	class	subjects
a	patient	 to	histamine	 reactions	 to	opioids	within	 the	 same	class.	The	 fentanyl
family	has	minimal	histamine	reactivity	compared	to	all	other	opioids.6





FIGURE	13-1.	Chemical	Classes	of	Opioids

Synthetic	 and	 semisynthetic	 opioids	 exhibit	 the	 same	 pharmacological
properties	 as	 naturally	 occurring	 opium	 alkaloids	 and	 derivatives.	 Synthetic
opioids	 do	 not	 contain	 the	 traditional	 phenanthrene	 nucleus	 found	 in	 the
alkaloids	 isolated	 from	 opium.	 Available	 opioids	 all	 have	 similar	 activity,	 but
vary	 considerably	 in	 potency,	 solubility,	 dosage	 form	 availability,	 and
pharmacokinetics.	Potency	and	solubility	as	outlined	in	Tables	13-1	through	13-4
do	 not	 generally	 impact	 therapeutic	 utility.	 However,	 when	 a	 small-volume
opioid	 solution	 is	 desirable	 for	 parenteral	 administration	 due	 to	 volume
restriction	 required	 because	 of	 comorbidity	 or	 for	 a	 continuous	 subcutaneous
infusion,	solubility	becomes	important.

For	 acute	 pain	 in	 an	 otherwise	 opioid-naive	 patient,	 it	 is	 generally	 best	 to
initiate	therapy	with	the	lowest	recommended	dose	proportionate	to	the	intensity
of	the	pain	to	assess	tolerability	and	efficacy.	The	most	common	side	effects	are
nausea	 and	 vomiting,	 constipation,	 sedation,	 urinary	 retention,	 and	 respiratory
depression.	For	the	chronic	pain	patient,	sedation	and	respiratory	depression	are
generally	 of	 less	 concern	 because	 some	 degree	 of	 tolerance	 develops	 to	 these
relatively	quickly.	Conversely,	 constipation	 and	urinary	 retention	 could	 remain
an	ongoing	problem.	For	this	reason,	many	acute	and	chronic	pain	patients	often
need	stimulating	laxatives	during	a	course	of	opioid	therapy.	Depending	on	the
dose,	 laxatives	 can	 sometimes	 be	 avoided	 if	 the	 patient	 is	 instructed	 to	 drink
plenty	of	water	and	increase	dietary	fiber.

Nearly	 half	 of	 chronic	 nonmalignant	 pain	 patients	 do	 not	 have	 adequate
bowel	 evacuation	 even	with	 fiber,	 fluids,	 and	 stimulating	 laxatives.7	 For	 those
patients,	 methylnaltrexone	 might	 be	 considered.	 It	 is	 currently	 approved	 for
opioid-induced	 constipation	 as	 a	 subcutaneous	 injection	 in	 advanced	 disease
patients	 and	 clinical	 trials	 are	 now	 ongoing	 with	 an	 oral	 form	 in	 CNMP
patients.8,9	 Recent	 approval	 of	 naloxegol,	 a	 pegylated	 form	 of	 naloxone
chemically	similar	to	nor-oxymorphone	was	recently	FDA	approved	for	OIC	in
chronic	non-cancer	pain.	 It	will	be	available	at	12	mg	and	25	mg	 tablets	 to	be
taken	once	daily.	These	drugs	represent	a	new	class	known	as	peripherally	active
mu	opioid	receptor	antagonists	(PAMORAs).10

Opioids	 are	 available	 in	 a	 variety	 of	 dosage	 forms,	 including	 oral,
transmucosal	 (buccal	 tablets,	 effervescent,	 lozenge),	 transdermal,	 intranasal,
rectal,	 and	 parenteral	 (intravenous,	 subcutaneous,	 intramuscular,	 epidural,
intrathecal).	 Moreover,	 because	 of	 genetic	 polymorphism	 and	 because	 some
chronic	pain	patients	 (the	minority)	develop	pharmacologic	 tolerance	 to	opioid



analgesia,	clinical	dosages	vary	widely.

THERAPEUTIC	AND	TOXIC	CONCENTRATIONS
It	 is	 difficult	 to	 assign	 a	 “therapeutic	 concentration”	 or	 even	 range	 to	 most
opioids	because	the	dosage	and	corresponding	blood	levels	required	for	adequate
analgesia	is	variable	and	patient	specific.	Reported	therapeutic	and	toxic	serum
levels	 for	 opioids	 overlap.	 For	 example,	 a	 starting	 morphine	 dose	 of	 15	 mg
orally	every	4	hours	in	an	opioid-naive	patient	could	cause	significant	lethargy.
If	 the	 same	 dose	were	 used	 to	 replace	 another	 patient’s	 oxycodone	 sustained-
release	160	mg	PO	every	12	hours,	we	would	 likely	see	withdrawal	symptoms
with	little	or	no	pain	relief.

An	important	consideration	in	postmortem	analysis	is	that	decedents	are	often
incorrectly	 assigned	 “narcotic	 overdose”	 as	 “cause	 of	 death”	 upon	 pathologist
review.	This	 conclusion	 could	 potentially	 be	 problematic	 for	 two	 reasons.	The
first	 is	 that	 postmortem	 blood	 analysis	 often	 yields	 higher	 numbers	 than
antemortem	 samples	 due	 to	 redistribution	 of	 tissue.11,12	 For	 this	 reason,	 it	 is
generally	 less	 accurate	 to	obtain	cavity	blood	 from	 the	heart	or	 the	pulmonary
vessels	to	specifically	match	dose	to	concentration.	More	accurate	specimens	are
achievable	from	the	subclavian	or	femoral	veins.	Secondly,	if	the	patient’s	opioid
dose	 had	 been	 adjusted	 upward	 over	 time	 because	 of	 physical	 tolerance,	what
might	otherwise	appear	as	a	lethal	blood	level	in	one	patient	will	not	necessarily
correlate	to	death	in	another.

Nevertheless,	 important	 information	 can	be	gleaned	 from	monitoring	 serum
opioid	 levels	clinically.	These	analyses	have	been	used	 to	monitor	compliance,
assess	 the	 possible	 effect	 of	 serum	 levels	 of	 one	 or	 more	 medications	 on	 the
opioid,	 to	compare	pharmacokinetic	parameters	of	single	opioid	formulation	 to
alternative	 dosage	 forms,	 and	 to	 compare	 single	 opioid	 formulations	 to
extemporaneously	 formulated	 products	 as	 single	 or	 combination	 formulations.
The	 latter	 has	 become	 especially	 important	 with	 the	 newly	 instituted	 risk
evaluation	 and	 mitigation	 strategies	 (REMS)	 imposed	 by	 the	 Food	 and	 Drug
Administration	(FDA).

A	far	less	accurate,	but	popular	strategy	for	monitoring	opioid	compliance	is
urine	drug	screen	(UDS)	analysis.	These	screens	present	an	important	fallacy	in
that	 they	 were	 initially	 developed	 to	 assess	 subjects	 for	 substances	 of	 abuse.
Although	 it	 is	 important	 to	 ascertain	whether	 a	 patient	 is	 abusing	 recreational
drugs	 while	 concomitantly	 receiving	 prescribed	 opioids,	 UDSs	 are	 almost
always	 enzyme-type	 screens	 where	 false	 positives	 and	 false	 negatives	 are



ubiquitous.	 Because	 of	 potential	 for	 inaccurately	 assigning	 blame	 for
noncompliance,	 the	 clinician	 needs	 to	 have	 a	 clear	 understanding	 of	 how	 to
interpret	 these	 tests	 and	 the	 potential	 limitations.	 A	 suggested	 algorithm	 is
outlined	 in	 Figure	 13-2.	 Some	 authors,	 notably	 Gourlay	 and	 Heit,13	 advocate
using	 the	 UDS	 as	 a	 “universal	 precaution,”	 but	 the	 UDS	 is	 not	 always
acceptable,	 may	 have	 legal	 implications,	 and	 may	 be	 inappropriate	 for	 some
patients.14

















FIGURE	13-2.	Urine	Drug	Screen	(UDS)	Algorithm

AVAILABLE	ASSAYS	FOR	DRUG-LEVEL	MONITORING
Gas	(or	liquid)	chromatography-mass	spectrometry	(GCMS,	LCMS)	are	popular
tests	that	may	be	employed	to	accurately	measure	specific	opioids	or	substances
of	 abuse.	When	 using	 such	 tests,	 it	 is	 important	 to	 recognize	 the	 importance,
practicality,	and	implications	of	 the	measurable	metabolites	as	well.	(See	Table
13-5.)	Assuming	regular	usage	for	example,	if	a	patient	is	receiving	codeine,	we
would	expect	 to	 find	measurable	morphine	metabolite;	 if	 a	patient	 is	 receiving
oxycodone	we	would	 expect	 to	 find	measurable	 oxymorphone	metabolite;	 if	 a
patient	 is	 receiving	 fentanyl	 we	 would	 expect	 to	 find	 measurable	 norfentanyl
metabolite;	 but	 if	 a	 patient	 is	 receiving	 morphine	 we	 should	 not	 expect	 the
presence	of,	 for	example,	meperidine,	 fentanyl,	or	methadone.	(see	Table	13-5,
Figure	13-1)

TABLE
13-1

Pharmacodynamic	and	Pharmacokinetic	Properties	of
Commonly	Prescribed	Opioids



Source:	Jeffrey	Fudin,	B.S.,	Pharm.D.,	FCCP.	Ackowledgment:	Jennifer	L.	Roy,	Pharm.D.	Candidate	2010.



Data	from	MSIR	[package	insert].	Perdue	Pharma,	Stamford,	CT;	Oct	2004.	|	MS	Contin	[package	insert].
Perdue	Pharma,	Stamford,	CT;	March	2009.	|	Buprenex	[package	insert].	Richmond,	VA:	Reckitt	Benckiser
Pharmaceuticals	20Inc;	April	2005.	|	Suboxone/Subutex	[package	insert].	Richmond,	VA:	Reckitt	Benckiser
Pharmaceuticals	Inc;	2006.	|	Lacy	CF,	ed.	Drug	Information	Handbook.	17th	ed.	Hudson,	OH:	Lexi-Comp;
2008.	|	Methadose	[package	insert].	Hazelwood,	Mo:	Mallinckrodt	Inc;	2009.	|	Duragesic	[package	inset].
Raritan,	NJ:	PriCara;	July	2009.	|	OxyContin	[package	insert].	Stamford,	CT:	Purdue	Pharma;	April	2010.	|
Molina	DK,	Hargrove	VM.	What	is	the	lethal	dose	of	hydrocodone?	Am	J	Forensic	Med	Pathol.
2010;31(3).	|	Koska	AJ	et	al.	Pharmacokinetics	of	high-dose	meperidine	in	surgical	patients.	Anesth	Analg.
1981;60(1).	|	Nucynta	[package	insert].	Raritan,	NJ:	Pricara;	March	2010.	|	Rook	E	et	al.	Pharmacokinetics
and	pharmacokinetic	variability	of	heroin	and	its	metabolites:	Review	of	the	literature.	Curr	Clin
Pharmacol.	2006;1:109–118.	|	Mayyas	F	et	al.	A	systematic	review	of	oxymorphone	in	the	management	of
chronic	pain.	J	Pain	Symptom	Manage.	2010;39(2):296–308.







aMost	common	dosage	forms	listed;	not	all	inclusive.
bCone	EJ,	et	al.	Prescription	opioids.	II.	Metabolism	and	excretion	patterns	of	hydrocodone	in	urine
following	controlled	single-dose	administration.	J	Anal	Toxicol.	2013;37(8):486–494.
cValtier	S	and	Bebarta	VS	(2012)	Excretion	profile	of	hydrocodone,	hydromorphone	and	norhydrocodone
in	urine	following	single	dose	administration	of	hydrocodone	to	healthy	volunteers.	J	Anal	Toxicol.	36:507–
514.
Gold	MS,	Redmond	DE	Jr,	Kleber	HD.	Clonidine	blocks	acute	opioid-withdrawal	symptoms.	Lancet.
1978;312(8090):599–602.

TABLE
13-2 Opioid	Analgesic	Comparison	Table





++The	ratio	of	PO	morphine:	PO	methadone	is	dependent	on	the	dose	of	morphine	prior	to	switching	to
methadone.	With	low	doses	of	morphine	(<90	mg/day),	the	ratio	is	approximately	4:1	(morphine:
methadone).	With	higher	doses	of	morphine	(i.e.,	>300	mg/day),	the	ratio	of	PO	morphine:	PO	methadone
approaches	12:1.	In	between,	a	ratio	of	8:1	has	been	studied.	(Davis,	2001).
The	Fudin	Factor	equation	eliminates	significant	peaks	and	troughs	associated	with	previously	accepted
schematics	and	employs	the	most	conservative	dosing	approach	at	morphine	equivalents	up	to	300	mg	per
day.
Fudin	J,	Marcoux	MD,	Fudin	JA.	Mathematical	model	For	methadone	conversion	examined.	Pract	Pain
Manag.	2012;12(8):46–51.
ND	–	not	determined.
The	opioid	analgesic	comparison	chart	is	meant	to	act	as	a	guideline	when	switching	patients	from	one
opioid	to	another.	It	is	important	to	recognize	that	response	to	opioids	varies	widely	among	individuals.
Therefore,	all	doses	should	be	titrated	to	effect	for	individual	patients	(Foley	1985;	Pereira	2000).
Pereira	J,	Lawlor	P,	Vigano	A,	et	al.	Equianalgesic	dose	ratios	for	opioids:	A	critical	review	and	proposals
for	long-term	dosing.	J	Pain	Symptom	Manage.	2001;22:672–687.
Davis	MP,	Walsh	D.	Methadone	for	relief	of	cancer	pain:	a	review	of	pharmacokinetics,
pharmacodynamics,	drug	interactions	and	protocols	of	administration.	Support	Care	Cancer.	2001;9:73–83.
Foley	K.	The	treatment	of	cancer	pain.	NEJM.	1985;313:84–95.

TABLE
13-3 Dosage	Recommendations	for	Opioids





αFor	treatment	of	moderate	to	severe	pain;	βFor	treatment	of	mild-to-moderate	pain;	δFor	treatment	of	mild
pain,	may	be	no	more	effective	than	ASA
Constipation
Because	tolerance	does	not	develop	to	narcotic-induced	constipation,	preventative	measures	should	be
initiated	on	day	1	of	narcotic	therapy.	A	stimulant	laxative	(e.g.,	Milk	of	Magnesia,	senna)	is	necessary
because	opioids	decrease	propulsive	contractions	of	the	small	intestine	and	increase	tone	of	the	large
intestine,	which	slows	transit	time.	Stool	softeners	as	monotherapy	for	opioid-induced	constipation	are
ineffective.
Meperidine	should	be	reserved	for	brief	courses	in	otherwise	healthy	patients	who	have	demonstrated	an
unusual	reaction	or	allergic	response	during	treatment	with	other	opioids	(e.g.,	morphine,	hydromorphone).
Converting	patients	from	one	opioid	to	another
Using	conversion	table,	convert	to	morphine	equivalents,	then	to	opioid	of	choice.	It	is	recommended	to
decrease	the	dose	of	the	new	opioid	in	half	(after	calculations)	due	to	incomplete	cross-reactivity	between
opioids	in	terms	of	analgesia	and	respiratory	depression.	Titrate	up	as	necessary.

TABLE
13-4 Orally	Administered	Fentanyl	Products





*Dose	dependent;	mucositis	does	not	appear	to	affect	peak	plasma	concentrations.
These	products	must	not	be	used	in	opioid	nontolerant	patients	due	to	the	risk	of	life-threatening
hypoventilation.	They	are	not	approved	for	the	treatment	of	acute	pain	(e.g.,	postoperative,	dental,
migraine).	In	addition,	switching	between	these	fentanyl	products	must	not	occur	at	a	1:1	ratio	due	to
differences	in	drug	delivery	and	absorption	profiles.	Two	of	these	products	(Abstral	and	Onsolis)	require
REMS	monitoring	by	the	FDA	and	prescriber	enrollment.
Prepared	by:	Ruth	Perkins,	B.S.,	M.A.,	Pharm.D.,	BCPS.	Rev	04/2011

Because	 of	 the	 enormous	 variability	 among	 opioids	 with	 regard	 to
pharmacokinetics,	 therapeutics,	and	pharmacodynamics,	this	chapter	provides	a
number	 of	 comprehensive	 tables.	 It	 is	 important	 to	 understand	 that	 any
conversion	 tables	within	 or	 outside	 the	 confines	 of	 this	 text	 reflect	 population
averages,	 and—due	 to	 genetic	 polymorphism—individual	 patient	 conversions
may	vary	considerably.	Tables	13-2	and	13-3	can	be	used	as	a	starting	point,	but
titration	to	response	is	indicated.

Additionally,	due	to	incomplete	cross-tolerance	among	opioids	(which	is	only
an	issue	in	the	first	7–14	days	of	regularly	scheduled	dosing),	clinicians	should
reduce	the	calculated	equianalgesic	conversion	starting	dose	by	20	to	25	percent
;	this	practice	will	serve	to	reduce	risk	of	inadvertent	overdose,	especially	if	the
patient	is	more	sensitive	to	the	new	opioid	than	the	one	it	is	replacing.

Table	 13-5	 illustrates	 various	 commonly	 prescribed	 opioids	 and	 their
corresponding	expected	serum	levels.	Note	that	the	half-life	of	most	commonly
prescribed	 immediate-release	 products	 is	 similar.	 Examples	 include	 morphine,
codeine,	 hydrocodone,	 hydromorphone,	 oxycodone,	 oxymorphone,	 and	 others.
Figure	13-1	provides	a	chemical	categorization	of	these	opioids.	Those	with	high
volumes	 of	 distribution	 and	 longer	 half-lives	 include	 methadone	 and
levorphanol.	 Methadone	 has	 a	 unique	 pharmacokinetic	 profile,	 with	 broad
patient	 metabolism	 variations	 and	 multiple	 metabolites.	 And	 unlike	 other
opioids,	 the	 majority	 of	 methadone	 metabolism	 is	 mediated	 by	 CYP450	 3A4
isoenzymes.	Therefore,	it	presents	an	important	therapeutic	and	potentially	toxic
conundrum,	 particularly	 if	 a	 potent	 3A4	 inducer	 or	 inhibitor	 is	 introduced	 or
abruptly	discontinued.	Moreover,	methadone	has	two	enantiomers	(R–	and	S–).
The	 “S”	 isomer	 depends	 on	 metabolism	 by	 CYP	 2B6	 isoenzymes	 and	 the
accumulation	 of	 the	 “S”	 enantiomer	 is	 known	 to	 elevate	 risk	 of	 Torsade	 de
pointes.	 Therefore,	 patients	 that	 are	 poor	CYP	 2B6	metabolizers	 are	 at	 higher
risk	 of	 ventricular	 tachycardia	 due	 to	 accumulation	 of	 the	 “S”	 enantiomer.15
When	one	considers	that	HIV	pain	is	commonly	caused	by	the	AIDS	virus	itself
and/or	 the	 antiretroviral	 agents	 used	 to	 treat	 it,	 methadone	 analgesia,
maintenance,	 or	 both	 is	 relatively	 common.	 Because	 almost	 all	 of	 the
antiretrovirals	 significantly	 affect	 several	 of	 the	 cytochrome	P450	 isoenzymes,



use	 of	 methadone	 requires	 a	 clear	 understanding	 of	 these	 pharmacokinetic
interactions.

TABLE
13-5 Opioid	Pharmacokinetics	and	Expected	Metabolites





IR,	immediate	release	products;	CR,	continuous	release	products;	SS,	steady	state
aHours,	unless	otherwise	indicated.
bCan	detect	heroin	and	6-acetyl	morphine	within	10–15	minutes	of	parenteral	administration.
cAdministered	IV	in	a	single	patient	over	180	minutes.
dCumulative	amount	of	fentanyl	release	from	patch	dose	in	24	hours.





SPECIAL	CONSIDERATIONS	FOR	TRANSDERMAL
FENTANYL
Pharmacokinetic	 interpatient	and	intrapatient	variability	can	be	significant.	The
elimination	half-life	 after	 fentanyl	 transdermal	 patch	 removal	 is	 approximately
17	hours,	ranging	from	13	to	22	hours.16	The	extended	half-life	 is	due	 to	slow
release	 of	 drug	 from	 the	 skin	 depot,	 which	 is	 common	 with	 all	 transdermal
delivery	systems.

Another	 important	 consideration	 is	 that	 elimination	 half-life	 in	 the	 elderly
may	 be	 prolonged.16	 This	 factor	 is	 especially	 noteworthy	 when	 switching	 a
patient	 from	 fentanyl	 to	 an	 alternative	 opioid	 based	 solely	 on	 mathematical
calculations	because	of	the	risk	of	overdosing	the	patient	based	on	an	incorrect
presumption	 that	 the	 fentanyl	 is	 being	 absorbed.	 Homework	 case	 2	 illustrates
this	 point	 when	 converting	 from	 fentanyl.	 The	 transition	 from	 fentanyl	 to	 the
new	opioid	should	be	slow	with	use	of	immediate-release	products	for	2–4	days,
until	 the	 lowest	 possible	 pain	 level	 is	 maintained.	 After	 the	 transition,	 a
sustained-release	formulation	may	be	introduced.	Following	patch	removal,	 the
analgesic	effects	of	fentanyl	may	continue	for	12	to	24	hours.17

Absorbed	transdermal	fentanyl	is	proportional	to	the	surface	area	of	the	patch.
Fentanyl	 is	 released	from	the	patch	 into	 the	stratum	corneum	and	epidermis	as
drug	 accumulates	within	 these	 layers	 to	 form	 a	 depot.	Afterwards,	 fentanyl	 is
released	into	the	systemic	circulation	slowly	from	small	blood	vessels	within	the
dermis.	 Fentanyl	 exhibits	 wide	 tissue	 distribution	 to	 various	 organ	 systems,
which	is	indicative	of	a	high	extravascular	volume	of	distribution	(3–8	L/kg).	It
takes	about	17	hours	to	reach	steady-state	plasma	concentrations	after	initiating
fentanyl	patch	therapy.18

Following	patch	application,	drug	release	occurs	at	a	constant	rate	for	up	 to
72	 hours.17	 Neither	 the	 local	 blood	 supply	 nor	 the	 anatomical	 site	 affectively
change	the	rate	or	extent	of	drug	absorption.	It	may	take	34	to	38	hours	to	reach
a	maximum	serum	concentration	of	fentanyl	after	patch	application.	Steady-state
serum	concentrations	are	typically	reached	by	day	6	and	can	be	maintained	with
regularly	scheduled	patch	changes	at	72-hour	intervals.

Fentanyl	 is	 primarily	 metabolized	 by	 CYP	 3A4	 isoenzymes	 by	 N-
dealkylation	 to	 norfentanyl,	 an	 inactive	 metabolite.19	 As	 previously	 described
with	 methadone,	 potent	 inhibitors	 or	 inducers	 of	 3A4	 isoenzymes	 may
significantly	affect	the	metabolism	of	fentanyl.



CASES

Please	note	that	the	following	cases	may	lend	themselves	to	several	therapeutic
and	 clinical	 adjustment(s);	 however,	 discussion	 points	 will	 focus	 on	 opioid
therapy	pharmacokinetics	and	therapeutic	interventions.

CASE	1:	OXYCODONE	SR	AND	ABERRANT	BEHAVIOR
YE	 is	 a	 47-year-old	 white	 male	 who	 recently	 moved	 to	 a	 new	 geographic
location.	 He	 was	 referred	 to	 a	 new	 primary	 care	 provider	 (PCP)	 from	 his
previous	 doctor.	 The	 referral	 indicated	 that	 the	 patient	 has	 chronic	 low	 back
pain,	is	currently	unemployed,	and	is	seeking	social	security	disability	(SSI).
Problem	List:	DJD	of	Lumbar	spine	(L)4,	L5,	Sacral	(S)1,	status	post	(S/P)	low
back	 surgery	 for	 a	 herniated	 disc	 6	 years	 ago;	 magnetic	 resonance	 imaging
(MRI)	 report	 finds	 no	 abnormalities	 other	 than	 mild	 arthritis	 and	 surgical
evidence;	 no	 scar	 tissue	 present;	 hypertension	 controlled	 with	 medication;
hyperchosterolemia;	 aberrant	 behavior;	GERD;	 and	 history	 of	 substance	 abuse
including	heroin.	The	patient	denies	use	of	any	 recreational	drugs	at	 this	 time,
including	alcohol.
Current	Medications:

OxyContin®	160	mg	(2	×	80	mg	tablets)	PO	q12h
oxycodone/acetaminophen/325,	take	2	PO	q4h	prn	pain
gabapentin	800	mg	PO	tid
simvastatin	40	mg	PO	qam
lisinopril	40	mg	PO	qam
ibuprofen	600	mg	PO	qid	prn
omeprazole	20	mg	PO	qam
Height	=	71	inches
Weight	=	165	lbs
YE	presents	 to	his	new	PCP	Dr.	P.	 for	a	full	exam	and	workup.	The	patient

has	 2	 days	 left	 of	 OxyContin®	 and	 no	 more	 oxycodone/acetaminophen	 for
breakthrough	 pain.	 He	 is	 requesting	 new	 prescriptions	 for	 these	 medications
ASAP	 because	 he	 is	 fearful	 of	 pain	 and	 withdrawal	 symptoms	 should	 he	 not
receive	these	medications	promptly.

Dr.	P.	evaluates	the	patient	and	explains	that	all	of	his	pain	patients	receiving



chronic	 opioid	 therapy	 must	 agree	 to	 sign	 a	 “controlled	 substance	 treatment
agreement,”	which	 includes	consent	 for	 random	urine	drug	 screens	 (UDS)	and
serum	analyses.	Any	prescriptions	on	the	first	visit	will	require	a	baseline	UDS.
YE	reluctantly	agreed	 to	 these	 terms	and	provided	a	urine	specimen	and	blood
for	a	free	serum	oxycodone	level.	The	initial	UDS	was	positive	for	cannabinoids.
The	serum	oxycodone	analysis	was	expected	to	take	approximately	10	days	for
the	results.

Dr.	P.	contacted	his	collaborating	pharmacist	to	discuss	the	case,	as	his	policy
is	 that	 if	 a	 patient	 is	 illegally	 using	marijuana,	 opioids	 are	 not	 an	 option.	 The
pharmacist	is	quick	to	point	out	that	the	UDS	screen	is	an	enzyme	test	and	that	it
is	 possible	 to	 see	 a	 false	 positive	 from	 proton	 pump	 inhibitors,	 in	 this	 case,
omeprazole.20

As	the	discussion	unfolded,	Dr.	P.	expressed	concern	for	prescribing	an	opioid
to	 this	 patient	 because	 of	 his	 substance	 abuse	 history	 and	 the	 positive
preliminary	 finding	of	 cannabinoids,	but	he	also	 feels	 an	obligation	 to	provide
opioids	at	least	for	the	short	term	and	to	give	the	patient	the	benefit	of	doubt.	He
asks	the	pharmacist	to	make	recommendations	of	a	replacement	medication	that
might	reduce	abuse	liability	in	this	patient.	Dr.	P.	specifically	inquired	about	use
of	a	 transdermal	fentanyl	patch	with	a	requirement	for	 the	patient	 to	return	 the
used	patches	at	a	subsequent	visit	in	2	weeks.

QUESTION	1

What	 is	 a	 reasonable	 dose	 of	 transdermal	 fentanyl	 with	 which	 to	 replace
OxyContin	160	mg	PO	q12h?

Answer:
No	 conversion	 between	 these	 two	 dosage	 forms	 is	 consistently	 reliable.	 A
reasonable	 conservative	 starting	 point	 for	 an	 equivalent	 dose	 of	 oxycodone	 to
transdermal	 fentanyl	 is	22.5–67	mg	of	oxycodone	 to	25	mcg/hr	of	 transdermal
fentanyl.17	It	is	important	to	recognize	that	this	equivalent	is	not	bidirectional,	as
a	 conservative	 estimate	 in	 one	 direction	 could	 lead	 to	 an	 overdose	 when
converting	transdermal	fentanyl	back	to	oxycodone	or	another	opioid.

Using	 the	 average	 of	 22.5	mg	 and	 67	mg,	 a	 reasonable	 equivalent	 dose	 of
oxycodone	to	transdermal	fentanyl	is	(22.5	mg	+	67	mg)/2	=	44.75	mg.	Rounded
off,	it	is	approximately	40	mg	for	each	25	mcg/hr	of	transdermal	fentanyl.	YE	is



currently	prescribed	160	mg	×	2	=	320	mg	of	oxycodone	per	24	hours.

40	mg	oxycodone/25	mcg	per	hour	transdermal	fentanyl
=	320	mg/x	mcg	per	hour	transdermal	fentanyl
x	=	200	mcg	(2	×	100	mcg/hr	patches)	per	hour

transdermal	fentanyl

QUESTION	2

What	issues	of	cross-tolerance	need	to	be	considered?
Because	of	potential	 for	 incomplete	cross-tolerance,	 it	 is	wise	 to	 reduce	 the

converted	opioid	dose	by	25	to	50	percent.2,21

The	estimate	for	transdermal	dosage	calculation	is	conservative;	therefore,	a
dose	 reduction	 of	 30	 percent	 might	 be	 unreasonable	 to	 the	 point	 of	 causing
withdrawal,	so	a	25	percent	reduction	is	chosen.

The	 calculated	 dose	 is,	 therefore,	 2	 ×	 75	 mcg/hr	 transdermal	 fentanyl	 with
prescribed	 changes	 every	 72	 hours.	 Note	 that	 15	 to	 20	 percent	 of	 patients
experience	 end-of-dose	 failure	 between	 48	 and	 72	 hours	 with	 transdermal
fentanyl.	In	such	patients,	the	patches	should	be	changed	every	48	hours	because
less	than	full-day	changes	often	cause	confusion	and	nonadherence.22

QUESTION	3

Dr.	 P.	 decided	 that	 he	 was	 uncomfortable	 prescribing	 breakthrough
oxycodone/acetaminophen	in	addition	to	OxyContin	and	asks	for	you	to	include
the	equivalent	of	the	short-acting	dosage	form	in	the	conversion	to	transdermal
fentanyl	using	the	maximum	allowable	prescribed	daily	dosage	of	oxycodone	10
mg	PO	q4–6h	prn.

Answer:
Rather	than	reducing	this	too	for	cross-tolerance,	a	reasonable	approach	is	to	use



10	mg	×	4	doses	(40	mg	total)	instead	of	the	allowable	10	mg	×	6	doses	(60	mg).

Oxycodone	 40	 mg	 in	 24	 hours	 =	 approximately	 25	 mcg/hr	 of	 transdermal
fentanyl

Therefore,	 the	new	calculated	dose	is	 transdermal	fentanyl	175	mg	per	hour
(1	×	100	mcg/hr	and	1	×	25	mcg/hr	patch)	with	q72h	changes.

QUESTION	4

How	do	you	transition	from	the	oral	to	transdermal	dosage	form?

Answer:
Serum	 fentanyl	 levels	 increase	 gradually	 after	 initial	 application	 of	 a	 new
transdermal	 patch,	 generally	 reaching	 a	 plateau	 12–24	 hours	 after	 application
(mean	time	to	steady-state	serum	levels).	Levels	will	continually	rise	to	a	smaller
degree	over	the	next	72	hours.	The	peak	concentration	is	generally	achieved	by
hour	 72,	 but	 steady	 state	 may	 not	 be	 reached	 until	 day	 6	 with	 q72h	 patch
changes.17

Because	of	 the	 large	fentanyl	dose	required	and	variation	 in	absorption,	one
might	consider	a	lower	fentanyl	dose	initially	in	combination	with	a	lower	dose
of	 oxycodone.	 The	 rationale	 behind	 using	 these	 two	 extended-release	 dosage
forms	together	lies	strictly	in	using	up	a	residual	supply	of	the	extended-release
oxycodone	 in	 a	 case	 where	 the	 OxyContin	 had	 already	 been	 dispensed.	 This
approach	can	be	achieved	by	using	half	of	each	medication	(i.e.,	OxyContin	80
mg	 PO	 q12h	 plus	 transdermal	 fentanyl	 100	 mcg/hr	 with	 q72h	 changes).
Alternatively,	the	oxycodone	could	be	given	in	the	immediate-release	form	as	25
mg	PO	q4h	using	multiple-strength	tablets.

For	 simplicity,	 we	 will	 use	 the	 theoretical	 equivalents	 established	 initially,
that	is,	a	complete	replacement	of	all	oxycodone	using	transdermal	fentanyl	200
mcg/hr	 with	 q72h	 changes.	 Considering	 the	 pharmacokinetic	 parameters
outlined	 earlier,	 we	 need	 to	 compensate	 for	 the	 initial	 absorption	 of	 fentanyl.
Therefore,	an	oral	oxycodone	dose	will	be	needed	during	the	titration	process	at
least	on	day	1.	The	easiest	way	to	achieve	this	goal	is	to	allow	a	single	dose	of
OxyContin	160	mg	PO	when	placing	 the	 first	patch	 to	allow	 the	 fentanyl	 time
for	 uptake	 transdermally;	 the	 problem	 here	 is	 that	we	may	 have	 some	 dosage
overlap	or	we	may	undershoot	the	mark.	Therefore,	it	may	be	more	practical	to



use	an	immediate-release	formulation	of	oxycodone	and	allow	the	patient	some
leeway	 on	 the	 initial	 titration.	 OxyContin	 160	 mg	 PO	 q12h	 is	 equivalent	 to
oxycodone	IR	80	mg	PO	q6h,	or	40	mg	PO	q3h.	Using	immediate-release	plain
oxycodone	tablets	(to	avoid	potential	acetaminophen	toxicity	with	combination
products),	we	can	achieve	a	reasonable	titration	schedule.

Recommendation:	 Place	 transdermal	 fentanyl	 patches	 200	mcg/hr	 (2	 ×	 100
mcg/hr)	and	change	q72h.	At	the	time	of	patch	placement,	the	patient	may	take
oxycodone	40	mg	and	repeat	every	3	hours	 for	 three	doses.	 If	a	 fourth	dose	 is
needed,	 the	 patient	 should	 take	 half	 the	 dose	 of	 20	mg	 to	 avoid	 another	 large
oxycodone	 peak	 at	 the	 same	 time	 that	 fentanyl	 begins	 to	 become	 therapeutic.
The	fourth	dose	will	be	the	last	oxycodone	dose.

QUESTION	5
What	 is	 the	 risk	 of	 replacing	 the	 currently	 prescribed	 OxyContin	 with
transdermal	fentanyl?

Answer:
Considering	 the	 previous	 aberrant	 history,	 caution	 should	 be	 used	 when
replacing	 a	 fixed	 transdermal	 dose	 of	 fentanyl	 with	 oral	 oxycodone.	 If,	 for
example,	the	patient	was	using	half	of	the	prescribed	OxyContin,	a	replacement
with	the	calculated	dose	of	transdermal	fentanyl	could	be	fatal.

Recommendation:	 Consider	 a	 two-week	 supply	 of	 OxyContin	 until	 the
previously	 pending	 results	 of	 serum	oxycodone	 levels	 are	 available.	Outcome:
Two	weeks	later,	the	serum	oxycodone	level	was	reported	at	124	ng/mL,	and	the
quantified	UDS	was	positive	for	cannabinoids.	Upon	review	of	Table	13-5,	 for
each	20	mg	of	oxycodone	we	can	expect	a	serum	concentration	of	15.1	ng/mL
+/4.7.	Setting	up	a	ratio,

Rounding	 this	 result	 off	 to	 160	mg	per	 day,	 it	 appears	 that	 this	 patient	was
using	OxyContin	80	mg	PO	q12h,	not	 the	prescribed	dose	of	160	mg	 (2	×	80
mg)	PO	q12h.	Therefore,	the	calculated	fentanyl	dose	above	could	have	been	an
overdose	based	on	what	was	prescribed	versus	what	was	actually	consumed.



QUESTION	6

Give	 an	 example	 of	 an	 opioid	 alternative	 that	might	mitigate	 abuse	 risk	 other
than	transdermal	fentanyl,	and	explain	why	it	might	be	a	preferred	prescription.

Answer:
Dr.	 P.	 decided	 that	 he	 will	 provide	 opioid	 treatment	 for	 this	 patient	 with	 a
requirement	to	attend	a	substance	abuse	program.	He	asks	you	to	recommend	an
opioid	that	may	be	less	abusable,	cannot	be	crushed	for	immediate	release,	and
perhaps	 has	 a	 lesser	 street	 desirability.	 A	 reasonable	 alternative	 may	 be
Embeda®,	a	formulation	containing	extended-release	morphine	surrounded	by	a
naltrexone	 core.	 Crushing	 this	 dosage	 form	 results	 in	 immediate-release	 of
naltrexone	 at	 a	 4	 percent	 ratio	 to	 morphine,	 the	 result	 of	 which	 would	 cause
withdrawal	symptoms	in	a	regular	user	of	opioids.	But	if	used	appropriately,	less
that	0.1	percent	of	naltrexone	is	released,	which	is	not	therapeutically	significant
in	terms	of	mu-receptor	blockade.23

QUESTION	7

What	is	a	reasonable	dose	for	the	replacement	chosen	in	question	3?
Using	the	calculated	Embeda	dose	equivalent	to	the	presumed	intake	of	daily

OxyContin	actually	consumed,	80	mg	PO	q12h	and	referring	to	Table	13-2,	oral
morphine	30	mg	is	equivalent	to	20	mg	of	oxycodone.	Setting	up	a	ratio:

20	mg	of	oxycodone/30	mg	morphine	sulfate	=	160	mg	daily
oxycodone/x	mg	morphine	sulfate
x	=	240	mg	morphine	sulfate

Reducing	this	dose	by	25	percent	for	cross-tolerance:

240	mg	×	75%	=	180	mg	morphine	sulfate

The	 recommended	prescription	 is	Embeda	180	mg	once	daily	 (1	×	100	mg
and	1	×	80	mg	capsules).

CASE	2:	CYP450	INTERACTION
HF	 is	 a	 38-year-old	Hispanic	 female	who	 is	 well-known	 to	 her	 PCP.	HF	 has



trigeminal	neuralgia	to	the	left	side	of	her	face.	She	has	been	receiving	tramadol
100	mg	PO	qid	regularly	for	6	years	as	a	single	agent,	and	her	pain	had	been
relatively	 stable	 for	 that	 time.	 Two	 years	 ago,	 topiramate	 was	 added	 for
migraine	prevention.	Eight	weeks	ago	she	presented	to	her	PCP	with	an	elevated
level	of	pain	 to	her	 face,	which	 she	described	as	“getting	worse	over	 the	past
year.”	 At	 that	 visit,	 she	 was	 placed	 on	 an	 escalating	 dose	 of	 carbamazepine,
which	she	has	been	taking	for	6	weeks	at	200	mg	PO	bid.	She	receives	Fioricet®
prn	for	migraines	and	topiramate	at	bedtime	for	migraine	prevention.	This	pain
too	has	been	relatively	stable	and	her	use	of	Fioricet	has	been	minimal.

Problem	List:	Trigeminal	neuralgia,	migraine	headaches,	previous	history	of
obesity	(now	at	ideal	body	weight).	Vital	signs	are	within	normal	limits.
Current	Medications:

Tramadol	100	mg	PO	qid
Fioricet	Tablets,	1–2	PO	qid	prn	headaches
topiramate	100	mg	PO	qhs
Height	=	65	inches
Weight	=	130	lbs.

HF	presented	to	her	PCP	Dr.	M.	for	an	emergent	flare-up	of	“burning	pain”	in
her	 face	 that	 is	 now	 unbearable	 compared	 to	 her	 visit	 8	 weeks	 ago.	 She
complained	of	a	significant	increase	in	the	number	of	migraines	and	is	using	her
Fioricet	daily	as	compared	to	her	previous	usage	of	perhaps	8	tablets	per	month
or	less.

The	 patient	 has	 been	 previously	 stable	 on	 her	 topiramate	 and	 occasional
Fioricet	for	headaches.	Prior	to	initiating	topiramate,	the	patient	was	quite	obese.
The	 topiramate	 served	 to	 prophylax	 against	migraines	 and	was	 attributable	 to
significant	 weight	 reduction,	 which	 by	 the	 patient’s	 report	 has	 resulted	 in	 an
enhanced	 lifestyle,	 better	 diet,	more	 exercise,	 and	 overall	 better	 health.	 Today
she	presents	 a	bit	 panicked	 for	 fear	 that	 she	 is	 slipping	back	 into	her	previous
lifestyle	 because	 she	 is	 unable	 to	 exercise	 and	 carry	 out	 her	 daily	 routines
because	of	 increased	 face	pain	 and	 increased	 frequency	of	migraines.	She	was
hopeful	 that	 the	 carbamazepine	 would	 help,	 especially	 since	 for	 the	 first	 2–3
weeks,	the	face	pain	clearly	decreased	to	a	livable	level.

Dr.	M.	 evaluated	 the	 patient	 and	was	 concerned	 that	HF	was	 now	on	more
medications	than	previous	and	the	pain	seems	worse	even	though	there	was	an
initial	 benefit.	 Rather	 than	 adjusting	 dosages	 upwards	 and/or	 adding	 other
medications,	he	decided	to	employ	the	expertise	of	his	local	pharmacist	(RPH).



Upon	review	of	the	chart,	RPH	identified	a	number	of	potential	issues.

QUESTION	1

Carbamazepine	 is	a	well-known	potent	3A4	enzyme	 inducer.	What	medications
in	HF’s	profile	are	substrates	to	3A4?

Answer:
tramadol
topiramate
butalbital	(an	autoinducer	and	active	ingredient	in	Fioricet)

QUESTION

Trigeminal	 neuralgia	 was	 initially	 improved	 by	 the	 adding	 carbamazepine.
Why?

Answer:
HF	described	an	initial	improvement	to	her	facial	pain	for	a	few	weeks	following
the	 initiation	 of	 carbamazepine.	 Following	 the	 initial	 improvement,	 her	 facial
pain	 became	 unbearable	 and	 eventually	 her	 headaches	 progressed	 to	 a	 point
where	any	relief	by	Fioricet	only	lasted	up	to	2	hours.

RPH	made	the	following	assessment:
a.	The	initial	introduction	of	carbamazepine	(an	autoinducer)	was	likely
beneficial	for	the	trigeminal	neuralgia.

b.	Potent	induction	by	carbamazepine	can	significantly	diminish	blood	levels
of	tramadol	and,	because	carbamazepine	is	an	autoinducer,	could	likely
diminish	carbamazepine	levels	as	well.24

c.	Tramadol,	topiramate,	and	butalbital	are	all	3A4	substrates,	and	serum
levels	of	each	may	diminish	significantly;	therefore,	it	is	feasible	that	the
tramadol	and	topiramate	became	subtherapeutic.	The	butalbital	levels	may
drop	more	rapidly	than	previous	because	of	induced	3A4	isoenzymes.25



QUESTION	3

What	 therapeutic	 options	 exist	 so	 that	 tramadol	 and	 topiramate	 levels	 are
maximized?

Answer:
•			Increase	dosages	of	tramadol	and	topiramate.
•			Replace	carbamazepine	with	an	alternate	anticonvulsant	that	minimally	or
doesn’t	affect	3A4	isoenzymes.

QUESTION	4

Given	the	options	in	question	3,	what	are	the	best	therapeutic	options?

Answer:
Rather	 than	 increasing	 the	 dosages	 of	 one	 or	 more	 medications,	 it	 is	 best	 to
eliminate	 the	 culprit,	 which	 in	 this	 case	 is	 presumed	 to	 be	 carbamazepine.
Recognizing	 that	 it	 was	 initially	 beneficial,	 one	 possibility	 is	 to	 use
oxcarbazepine,	 which	 is	 most	 similar	 in	 activity	 and	 chemistry	 to
carbamazepine.	Oxcarbazepine	 is	 a	mild	 3A4	 isoenzyme	 inducer	 compared	 to
carbamazepine.26	 Another	 option	 is	 to	 raise	 the	 topiramate	 dose	 to	 ascertain
whether	 significant	 therapeutic	 benefit	 to	 trigeminal	 neuralgia	 could	 be
achieved;	however,	it	is	also	a	3A4	inducer	and	may	therefore	have	the	potential
to	 reduce	 serum	 tramadol	 levels.27	 Another	 option	 is	 to	 use	 a	 different
anticonvulsant	 such	as	gabapentin,	 since	 it	 is	not	metabolized	at	all	 in	humans
and	therefore	does	not	affect	any	cytochrome	P450	isoenzymes.

Recommendation:	 No	 answer	 is	 100	 percent	 correct.	 In	 the	 authors’
experience,	 it	 would	 probably	 be	 best	 to	 use	 oxcarbazepine	 first	 because
carbamazepine	was	initially	beneficial.	Elevate	the	oxcarbazepine	dose	gradually
until	 benefit	 is	 seen.	 After	 the	 trigeminal	 neuralgia	 is	 under	 control	 and	 the
migraines	become	stable,	an	attempt	could	be	made	to	reduce	the	tramadol	dose
or	even	eliminate	the	tramadol.

CASE	3:	METHADONE	CONVERSION



Methadone	 is	 a	 synthetic	 mu	 receptor	 opioid	 with	 unique	 pharmacokinetic
properties.	 It	 also	 has	 low	 affinity	 in	 the	 blockade	 of	 N-methyl-D-aspartate
(NMDA)	 receptors.	 But	 the	 clinical	 importance	 of	 that	 effect	 is	 not	 clear.
Methadone	is	highly	bioavailable,	and	oral	solid	dosage	forms	may	be	crushed
and/or	 dissolved	without	 substantially	 affecting	pharmacokinetics.	 It	 is	 protein
bound	to	alpha-glycoprotein	and	widely	distributed	into	body	tissue.	Methadone
has	 a	 complex,	 long,	 and	 unpredictable	 elimination	 half-life	 requiring	 careful
titration	 with	 washout	 time	 compared	 to	 other	 opioids.	 Equivalency	 ratios
(although	variable)	are	not	bidirectional,	because	methadone	remains	behind	for
days,	 even	 after	 discontinuation.	 The	 average	 clearance	 time	 is	 20–22	 hours.
Elimination	 half-life	 is	 variable	 with	 a	 range	 of	 15–60	 hours,	 with	 reported
cases	 up	 to	 120	 hours.	 Inactive	 metabolites	 are	 eliminated	 by	 kidneys	 and
minutely	detectable	in	bile,	feces,	and	sweat.

Methadone	 is	 FDA-approved	 for	 drug	 rehabilitation	 therapy	 and	 pain
(malignant	 and	 nonmalignant).	 Methadone	 should	 not	 be	 administered	 for
breakthrough	 pain	 due	 to	 its	 long	 half-life	 and	 resultant	 cumulative
levels/effects.

Initial	doses	in	opioid	naïve	patients	should	be	2.5	mg	PO	tid	for	pain,	with
titration	as	 tolerated	and/or	until	desired	analgesia.	All	opioids	have	a	biphasic
elimination.	 Methadone	 has	 a	 uniquely	 long	 beta	 elimination	 resulting	 in
subanalgesic	 levels	 accumulating	 over	 a	 period	 of	 7–10	 days	 with	 normal
analgesic	dosing.	This	long	time	to	steady-state	serum	levels	presents	a	real	risk
of	accumulation	toxicity	if	the	drug	is	titrated	up	too	rapidly	or	the	patient	takes
extra	doses.	It	is	essential	to	strongly	advise	patients	to	take	it	only	as	directed,
not	to	increase	doses	on	their	own,	and	to	recognize	that	maximal	analgesia	may
not	 occur	 for	 7–10	 days.	 Clinicians	 should	 always	 provide	 a	 short-acting,
immediate-release	 opioid	 such	 as	 morphine	 or	 oxycodone	 for	 rescue	 doses
during	 the	 first	 two	 weeks	 of	 therapy.	 If	 the	 patient	 is	 geriatric,	 renally	 or
hepatically	deficient,	 start	 at	2.5	mg	every	12	hours	or	once	daily	and	provide
short-acting	opioids	for	breakthrough	pain.

In	opioid-tolerant	patients,	the	initial	methadone	dose	must	be	individualized
based	 on	 the	 previously	 prescribed	 opioid.	 Even	 though	 the	 methadone	 side
effect	profile	is	similar	to	that	of	other	opioids,	caution	must	be	used	to	observe
for	 latent	 opioid	 adverse	 effects	 or	 toxicities,	 varying	 from	one-half	 hour	 to	 7
days	due	to	methadone’s	highly	variable	elimination	half-life.	When	converting
from	 other	 opioids	 to	 methadone,	 a	 complex	 conversion	 ratio	 is	 employed;
several	 sources	 indicate	 that	 as	 the	 total	 daily	 dose	 of	 opioid	 increases,	 the
amount	of	methadone	needed	to	replace	it	decreases.28,29



Other	important	considerations	include	[an	insignificant]	QT	prolongation	in
patients	 at	 high	 doses,	 especially	 in	 patients	 with	 concomitant	 pro-arrhythmic
medications	 such	 as	 antidepressants.	Use	 caution	with	CYP450	 3A4	 inducers,
which	 may	 reduce	 methadone	 serum	 levels	 and/or	 analgesia,	 such	 as
phenobarbital,	 phenytoin,	 carbamazepine,	 neveripine,	 and	 others.	 Methadone
CYP	 2B6	 has	 recently	 been	 shown	 to	 have	 a	 major	 role.	 Previously,	 it	 was
assumed	that	2D6	was	the	major	enzyme;	now	that	does	not	appear	to	be	true.	In
fact,	 (S)-methadone	 is	 primarily	 metabolized	 by	 CYP2B6,	 thus	 a	 poor
metabolizer	 of	 CYP2B6	 would	 be	 at	 increased	 risk	 for	 build	 up	 of	 the
cardiotoxic	S-enantiomer	and	is	at	higher	risk	for	QTc	prolongation,	and	Torsade
de	 pointes	 arrhythmia	which	 is	 associated	with	 sudden	 death.	 Conversely,	 use
caution	with	CYP	and	p-glycoprotein	inhibitors,	which	may	increase	methadone
serum	 levels,	 analgesia,	 and/or	 toxicity,	 such	 as	 erythromycin,	 clarithromycin,
ketoconazole,	and	 itraconazole.30	When	converting	 from	methadone	 to	another
opioid,	 caution	 should	 be	 used	 to	 titrate	 the	 methadone	 downward	 by
approximately	 20	 percent	 per	 day	 while	 slowly	 introducing	 the	 new	 agent	 to
prevent	overlap	of	methadone	that	will	remain	in	the	body	tissue	for	days	after
discontinuation.

Methadone	 is	 inexpensive,	 available	 in	 several	 dosage	 forms,	 and	 requires
generally	only	tid	dosing	for	analgesia,	although	in	rare	cases	qid	dosing	may	be
necessary.	 Theoretically,	 the	 weak	 NMDA	 inhibition	 may	 be	 helpful	 in
neuropathic	 pain	 management,	 although	 evidence	 of	 a	 clinically	 useful
advantage	by	virtue	of	robust	controlled	studies	is	lacking.

In	short,	while	methadone	offers	many	potential	attributes	over	other	opioids,
it	must	be	prescribed	with	extreme	caution	and	only	by	 those	experienced	and
knowledgeable	 about	 the	 associated	 pharmacokinetics	 and	 potential	 adverse
outcomes.28-37

Converting	to	Methadone	from	Morphine
LR	 is	 a	 58-year-old	 white	 female	 who	 presents	 to	 her	 PCP	 with	 increased
bilateral	 leg	pain	 that	has	been	diagnosed	as	diabetic	neuropathy.	She	has	 tried
several	 anticonvulsants	 previously,	 including	 gabapentin,	 pregabalin,	 and
topiramate,	 but	 was	 unable	 to	 tolerate	 any	 of	 them.	 She	 was	 placed	 on
venlafaxine	with	no	benefit.	She	was	eventually	switched	to	duloxetine	that	was
escalated	 to	 60	 mg	 PO	 qam	 with	 marginal	 efficacy.	 The	 duloxetine	 was
eventually	switched	to	amitriptyline	25	mg	PO	qhs,	which	has	helped	her	sleep
but	had	minimal	if	any	benefit	for	her	pain.	After	multiple	trials	with	single	and
combined	 agents,	 she	was	 placed	 on	 hydrocodone/acetaminophen.	 After	more



than	a	year	of	escalating	doses,	she	eventually	was	switched	to	extended-release
morphine	with	hydrocodone/APAP	for	breakthrough	pain.	Upon	presentation	to
her	PCP	today,	her	vital	signs	are	WNL

Height	=	64	inches
Weight	=	190	lbs.

Problem	List:	Type	II	diabetes	mellitus,	painful	diabetic	neuropathy,	obesity,
hypertension,	 hypercholesterolemia,	 hypothyroidism,	 osteopenia,	 and
depression.
Current	Medications:

Lortab®	10/325,	1–2	PO	four	times	a	day	prn
Morphine	SR	60	mg	PO	q8h
Calcium/Vit	D	(OTC)
Amitriptyline	25	mg	PO	qhs	for	sleep	and	depression
Levothyroxine	75	mcg	PO	qam
Pravastatin	40	mg	PO	qam
Alendronate	35	mg	PO	qam
Hydrochlorothiazide	25	mg	PO	qam
Acetaminophen	 500	 mg,	 1–2	 PO	 qid	 prn	 (maximum	 daily	 dose	 of
acetaminophen	combined	with	Lortab	not	to	exceed	3,000	mg	per	day)

LR	presents	to	her	PCP,	Dr.	S.,	with	a	chief	complaint	of	increased	bilateral
leg	pain.	Her	most	recent	HgA1C	was	8.3	percent.	She	has	been	using	about	8
Lortabs	per	day	in	addition	to	her	morphine,	but	she	is	not	having	benefit	to	her
pain	relief	as	previous.	She	is	using	all	of	her	morphine	exactly	as	prescribed	and
has	never	had	 a	medication	 compliance	 issue.	Dr.	S.	 evaluated	 the	patient	 and
decided	to	initiate	a	trial	of	methadone.

Black	Box	Caveat
The	authors	caution	and	discourage	endorsing	any	specific	methadone	conversion	strategy.	Although
published	strategies	certainly	provide	starting	points,	none	are	definitive.	Several	authors	have	reported
varying	conversion	formulae,	all	of	which	have	been	based	on	small	sample	sizes.	A	great	deal	of
genetic	polymorphism	results	in	broadly	varying	interpatient	responses	to	opioids,4	particularly
methadone.35	For	these	reasons,	we	do	not	sanction	any	particular	specific	formula	or	authors’
conversion	guidelines	due	to	lack	of	replicated	data	in	good-sized	controlled	studies	for	which	a	priori
power	analyses	have	been	done.	Therefore,	the	authors	recommend	titration	to	response,	recognizing
that	experience	with	one	patient	may	not	apply	to	others.	The	following	case	illustrates	just	one	example
of	how	to	approach	dosing	with	the	provison	that	any	calculations	in	this	regard	are	only	to	give	the



clinician	a	general	idea	where	the	methadone	conversion	might	fall.	This	example	is	not	intended	to
work	for	all	patients	and	may	serve	as	a	mathematical	stepping	stone	only.

QUESTION
What	is	a	plausible	dose	of	methadone	with	which	to	replace	the	morphine	and
hydrocodone	combined,	assuming	no	opioid	is	offered	for	breakthrough	pain?

Answer:
Using	Ripamonti’s	1998	conversion	table.24

If	we	choose	a	conservative	conversion	of	hydrocodone	to	morphine,	we	can	use
a	1:1	ratio.	This	amount	is	below	the	equivalent	dose	of	morphine;	however,	in
this	example,	no	dose	reduction	will	be	made	for	cross-tolerance	in	an	effort	to
simplify	 the	math.	Therefore,	we	will	 use	 hydrocodone	80	mg	=	morphine	 80
mg.



Alternatively,	Fudin	collaboratively	developed	the	following	formula,	which
he	found	useful	in	clinical	practice.38	This	mathematical	equation	was	based	on
Ripamonti‘s	1998	published	methadone	conversion	table.

Many	 potential	 flaws	 exist	 with	 methadone	 conversions	 as	 outlined	 in	 the
black	box,	but	Ripamonti’s	approach	is	additionally	significantly	flawed	at	two
data	 points	 where	 the	 formula	 changes.	 (See	 Figure	 13-3.)	 Figure	 13-4	 is	 a
mathematical	 attempt	 to	 smooth	 out	 Ripamonti’s	 mathematical	 curve	 at	 each
transition	point	and	the	formula	eliminates	those	two	flawed	data	points.



FIGURE	13-3.	Relation	between	daily	morphine	and	methadone	dosages	based	on	Ripamonti.



FIGURE	13-4.	Relation	between	daily	morphine	and	methadone	dosages	after	smoothing.

All	 calculations	 should	 be	 double-checked	 against	 traditional	 methods	 for
methadone	conversion	and	should	be	individually	titrated.



Fudin	Factor	Copyright	TXu	1-771-217
Fudin	methadone	conversion	formula:

Using	the	derived	equation	to	determine	the	dose:

Using	 the	 two	methods,	 the	 final	 calculations	 are	 essentially	 the	 same	 (33
mg/day	vs.	34	mg/day)	in	this	example.

Because	 of	 patient	 variability,	 the	 morphine	 should	 be	 weaned	 as	 the
methadone	is	introduced.	Perhaps	this	patient	will	end	up	receiving	around	30–
35	mg	of	methadone	after	the	titration.
Recommendation:

Continue	morphine	SR	at	60	mg	PO	q8h.



Discontinue	Lortabs	1–2	tablets	PO	four	times	a	day.
Initiate	methadone	2.5	mg	PO	q8h.

Each	 week,	 reduce	 the	 morphine	 gradually	 while	 slowly	 increasing	 the
methadone	 dose.	Monitor	 the	 patient	 for	 side	 effects	 and	 response	 during	 the
titration	process.

CASES

CASE	1:	SEROTONIN	SYNDROME
SS	is	a	42-year-old	female	who	presents	to	the	hospital	“just	not	feeling	right.”
The	 patient	 has	 recently	 undergone	 detoxification	 about	 8	 weeks	 prior	 to
admission	and	has	been	 treated	at	a	 rehabilitation	 facility	until	about	4	weeks
ago.	During	her	stay	at	the	rehab	facility,	the	patient	was	started	on	suboxone	8
mg	SL	bid,	paroxetine	25	mg	PO	daily,	and	quetiapine	50	mg	PO	tid.	About	one
week	prior	to	discharge,	the	paroxetine	was	increased	to	50	mg	PO	daily	and	the
quetiapine	to	100	mg	PO	tid.	The	patient	said	that	since	she	has	been	home,	she
was	 still	 feeling	 depressed,	 and	 the	 husband	 has	 noticed	 nightly	 tremors	 with
shaking.	 For	 the	 past	 couple	 of	 days	 she	 has	 been	 having	 some	 difficulty
breathing	and	 she	did	not	 know	who	her	 children	were	 yesterday.	 She	 thought
one	of	the	children	was	a	radiator.

SS	is	currently	complaining	of	a	headache	with	some	“foggy	vision.”	She	has
had	some	muscle	spasms	and	moments	where	she	“feels	like	a	lightening	bolt	is
moving	through	her	in	waves.”

Past	 medical	 history	 includes	 polysubstance	 abuse,	 chronic	 back	 pain
(laminectomy	surgery),	depression,	anxiety,	smoker	(about	one	pack	per	week),
alcohol	(prior	to	rehab)	about	8–14	beers	a	day	or	one	bottle	of	gin	per	night,	and
addiction	to	“prescription	pain	pills,”	with	no	know	allergies	to	drug.
Medications:

Paroxetine	60	mg	PO	once	daily
Quetiapine	100	mg	PO	tid
Suboxone	(buprenorphine	and	naloxone)	8	mg	SL	bid
Ibuprofen	400–600	mg	PO	qid	prn
SS	 was	 diagnosed	 with	 serotonin	 syndrome,	 admitted	 to	 the	 hospital,



paroxetine	 and	quetiapine	were	 put	 on	hold,	 suboxone	was	 continued,	 and	 the
patient	was	given	IV	hydration.

QUESTION	1

Is	 the	 serotonin	 syndrome	 in	 this	 patient	 caused	 by	 a	 pharmacokinetic	 or
pharmacodynamic	drug	interaction?

Answer:
Pharmacodynamic.	 The	 medications	 taken	 by	 this	 patient	 do	 not	 affect	 the
absorption,	distribution,	metabolism,	or	excretion	of	each	other	to	any	significant
extent.

QUESTION	2



Which	of	the	following	symptoms	are	suggestive	of	serotonin	syndrome?
a.	Tremor
b.	Clonus
c.	Hyperthermia
d.	Altered	mental	status
e.	All	of	the	above

Answer:
e.	 All	 of	 the	 above.	 Serotonin	 syndrome	 can	 range	 from	 mild	 to	 severe	 and
includes	 symptoms	 such	 as	 tremor,	 diaphoresis,	 restlessness,	 altered	 mental
status,	autonomic	nervous	system	instability,	and	hyperreflexia.39

QUESTION	3

Which	 combination	 of	 medications	 most	 likely	 caused	 the	 development	 of
serotonin	syndrome?

a.	Paroxetine	+	buprenorphine
b.	Quetiapine	+	paroxetine
c.	Buprenorphine	+	quetiapine	+	paroxetine
d.	Quetiapine	+	buprenorphine

Answer:
c.	Buprenorphine	+	quetiapine	+	paroxetine.	Synthetic	opioids	have	been	shown
to	 increase	serotonin	 in	animal	models,	and	paroxetine	 is	well	known	 to	cause
serotonin	syndrome	due	to	its	direct	effects	on	serotonin	reuptake.

QUESTION	4

Which	of	 the	 following	should	be	 included	 in	 the	differential	diagnosis	 for	 this
patient	(taking	into	account	medications	and	symptoms)?

a.	Anticholinergic	poisoning
b.	Malignant	hyperthermia
c.	Neuroleptic	malignant	syndrome
d.	None	of	the	above



Answer:
c.	 Neuroleptic	 malignant	 syndrome.	 NMS	 should	 be	 considered	 in	 the
differential	 diagnosis	 because	 the	 patient	 is	 taking	 quetiapine.	 Even	 though
patients	with	NMS	can	have	HTN,	 tachycardia,	hyperthermia,	and	diaphoresis,
they	are	usually	bradyreflexic	and	present	in	a	stupor	or	coma.

QUESTION	5

Which	 of	 the	 following	 vasoactive	 agents	 should	 not	 be	 used	 to	 control	 pulse
and/or	blood	pressure	in	a	patient	with	serotonin	syndrome?

a.	Norepinephrine
b.	Dopamine
c.	Phenylephrine
d.	All	of	them	may	be	used

Answer:
b.	 Dopamine.	 Dopamine	 should	 not	 be	 used	 because	 it	 is	 metabolized	 to
norepinephrine	 and	 epinephrine.	 In	 cases	 of	 excess	 serotonin,	 monoamine
oxidase	cannot	control	the	amounts	of	epinephrine	and	norepinephrine	produced,
which	could	lead	to	an	exaggerated	hemodynamic	response.

QUESTION	6

Which	of	the	following	medications	could	be	used	to	treat	serotonin	syndrome?
a.	Cyproheptadine	12	mg	PT	x1
b.	Benzodiazepines
c.	Both	cyproheptadine	and	benzodiazepines	may	be	used	depending	on
severity	of	symptoms

d.	Neither	of	these	agents	is	appropriate

Answer:
c.	Both	cyproheptadine	and	benzodiazepines	may	be	used	depending	on	severity
of	symptoms.	In	mild	cases,	supportive	care,	removal	of	precipitating	drugs	and
benzodiazepines	may	enough	to	manage	symptoms.	For	moderately	to	severely



ill	patients,	5-HT2A	antagonists	(i.e.,	cyproheptadine,	mirtazapine,	nefazodone,
trazodone,	 and	 certain	 atypical	 antipsychotics),	 sedation,	 and	 even	 intubation
may	be	necessary.

CASE	2:	TRANSDERMAL	FENTANYL	CONVERSION
DILEMMA
PK	is	a	91-year-old	man	who	presents	 to	a	pain	clinic	with	chief	complaint	of
chronic	low	back	pain.	His	problem	list	 includes	ocular	hypertension,	essential
hypertension,	 osteoarthrosis	 of	 multiple	 sites,	 malignant	 neoplasm	 of	 the
prostate,	 low	 back	 pain,	 CVA,	 peripheral	 neuropathy,	 pilonidal	 cyst	 without
mention	 of	 abscess,	 sebaceous	 cyst,	 sensorineural	 hearing	 loss	 of	 combined
types,	 nuclear	 sclerosis,	 primary	 open	 angle	 glaucoma,	 paroxysmal	 atrial
fibrillation,	 onychomycosis,	 chronic	 kidney	 disease	 (Stage	 III,	 moderate),	 and
anemia.

The	following	parameters	are	noted	as	of	his	last	visit	to	the	PCP.
HT:	69.5	in	[176.5	cm]	(03/28/2011	13:20)
WT:	182	lbs	[82.7	kg]	(03/28/2011	13:20)
BMI:	26.5	(3/28/2011	13:20:41)
BP:	 BP	 118/58	 (3/28/011	 13:29:33)	 R	 ARM,STANDING,ADULT
CUFF,CUFF-AUTOMATED
BP	 124/64	 (3/28/2011	 13:20:41)	 R	 ARM,LYING,ADULT	 CUFF,CUFF-
AUTOMATED
TEMP:	97.9	F	[36.6	C]	(03/28/2011	13:20)
RR:	20	(03/28/2011	13:20)
HR:	56	(03/28/2011	13:29)

Current	medications:
aspirin	81	mg,	1	tablet	daily
dibucaine	1%	ointment,	apply	thin	film	rectally	bid	prn
docusate	Na	50	mg/sennosides	8.6	mg,	1	capsule	bid	prn
dorzolamide	22.3	mg/timolol	6.8	mg/mL	Oph	Soln,	instill	1	gtt	OU	bid
fentanyl	transdermal	matrix	patch	75	mcg/hr,	apply	and	change	q72h	for	pain
gabapentin	60	mg	PO	qid
hypromellose	0.4%	oph	soln,	instill	1	gtt	OU	qid
ketorolac	tromethamine	0.5%	oph	soln,	instill	1	gtt	OD	four	times	a	day



lisinopril	20	mg	PO	qam
metoprolol	tartrate	25	mg,	1½	tabs	PO	bid
moxifloxacin	HCl	0.5%	oph	soln,	instill	1	gtt	OD	four	times	a	day
omeprazole	20	mg,	1	capsule	PO	before	breakfast	daily
prednisolone	acetate	1%	oph	susp,	instill	1	gtt	OD	four	times	a	day
simvastatin	40	mg,	1	PO	qhs
terazocin	HCl	5	mg,	1	capsule	qhs
travoprost	Z	0.004%	oph	soln,	instill	1	gtt	OU	qhs

The	clinical	pharmacist	at	 the	pain	clinic	evaluates	the	patient’s	medications
following	the	patient’s	initial	encounter	with	the	physiatrist.

QUESTION	1

What	 findings	 in	his	profile	might	preclude	 this	patient	 from	receiving	NSAIDs
for	maintenance	therapy?

Answer:
Age,	diagnosis	of	HTN,	stage	III	kidney	disease,	a	CVA	with	once	daily	ASA.

QUESTION	2

Assuming	 that	 your	 recommendation	 will	 be	 to	 switch	 this	 patient’s	 opioid	 to
another	 by	 the	 oral	 route,	 what	 must	 be	 considered	 in	 determining	 the	 dose
conversion?

Answer:
Transdermal	 absorption	 of	 fentanyl	 in	 the	 elderly	 has	 been	 shown	 to	 be	 less
predictable	than	the	general	population	with	reduced	absorption.12

QUESTION	4

What	are	the	risks	of	switching	this	patient	to	a	theoretical	equivalent	oral	dose



of	extended-release	morphine	100	mg	PO	q12h?

Answer:
We	don’t	know	for	certain	 that	 this	patient	 is	adequately	absorbing	fentanyl.	 If
the	 morphine	 conversion	 is	 based	 on	 average	 absorptions,	 the	 calculated
equivalent	 dose	 could	 be	 an	 overdose.	 With	 decreased	 kidney	 function,	 this
patient	 is	 at	 risk	 to	 accumulate	 the	 active	 6-glucuronide	morphine	metabolite,
which	could	cause	oversedation,	fatal	respiratory	depression,	and	neurotoxicity.

Prior	to	making	any	changes,	the	clinical	pharmacist	ordered	a	serum	fentanyl
level	in	order	to	ascertain	whether	the	fentanyl	was	significantly	absorbed	based
on	 the	 average	 levels.	 As	 indicated	 in	 Table	 13-5,	 an	 approximate	 expected
fentanyl	serum	level	for	the	75	mcg/hr	patch	is	1.7	ng/mL	+/–0.7	ng/mL.

Ten	 days	 later,	 the	 report	 indicated	 fentanyl	 0.3	 ng/mL.	 As	 suspected,	 the
reported	 fentanyl	 level	 is	 significantly	 lower	 than	 the	predicted	 level	 based	on
his	prescribed	fentanyl	dose.	In	fact,	it	is	about	half	that	of	a	fentanyl	25	mcg/hr
patch.

The	 clinical	 pharmacist	 decides	 that	 a	 rational	 opioid	 alternative	 could	 be
oxycodone,	since	this	does	not	have	the	toxic	6-glucuonide	metabolite	associated
with	morphine.

QUESTION	4

Based	on	 the	 serum	 fentanyl	 levels,	what	would	be	an	 equivalent	 dose	of	 oral
oxycodone	with	a	calculated	25	percent	dose	reduction	for	cross-tolerance?

Answer:
If	 0.6	 ng/mL	 equates	 to	 a	 fentanyl	 2.5	 mg	 transdermal	 patch	 delivering	 25
mcg/hr,	then	0.3	ng/mL	is	approximately	equal	to	fentanyl	1.25	mg	transdermal
patch	delivering	12.5	mcg/hr.	(See	Table	13-5.)



Reducing	 this	dosage	by	25	percent	 for	 cross-tolerance,	 the	oral	oxycodone
dose	equals	15	mg	orally	per	day,	or	oxycodone	5	mg	PO	tid.

QUESTION	5

What	would	have	been	the	oxycodone	dose	prescribed	if	the	clinical	pharmacist
had	based	her	calculations	on	the	prescribed	fentanyl	dose	of	75	mcg/hr?

Answer:

DOUBLE-CHECKING:
Had	the	Clinical	Pharmacist	used	the	actual	prescribed	fentanyl	75	mcg/hr	dose
in	this	patient	to	convert	to	oxycodone,	what	percentage	more	oxycodone	would
the	 patient	 have	 received	 if	 in	 addition,	 a	 25	 percent	 reduction	 was	 not
employed?

•			If	30	mg	represents	a	100	percent	increase	over	15	mg,	then	120	mg
represents	x%	increase.

Had	the	pharmacist	not	calculated	the	fentanyl	dose	based	on	serum	analysis,
what	would	be	the	worst	potential	outcome	of	prescribing	oral	oxycodone	at	400
percent	above	the	actual	prescribed	fentanyl	75	mcg/hr	dose	with	no	reduction?

•			Death

CASE	3:	MORPHINE	METABOLITES
MM	is	a	79-year-old	male,	hospice	patient	who	has	had	his	pain	controlled	with



a	continuous	infusion	of	morphine	(2	mg/mL)	for	the	past	several	weeks.	Prior	to
this	 past	 week,	 dosage	 increases	 have	 led	 to	 increased	 pain	 relief	 without
significant	side	effects.	Over	the	past	48	hours,	the	patient	has	been	seeing	cats
on	 the	 wall,	 having	 uncontrolled	 movements,	 and	 his	 pain	 is	 worse	 with	 an
increase	in	dose.	His	breathing	is	also	worse,	and	the	RN	noted	some	pulmonary
congestion.	 The	 nurses	 have	 also	 had	 trouble	 maintaining	 IV	 access.	 The
patient’s	arms	are	bruised	from	all	of	the	attempts	to	keep	an	IV	going.	Up	until
48	hours	ago,	the	morphine	was	infusing	at	a	rate	of	10	mg/hr.	It	is	now	at	12.5
mg/hr.

Height	=	5′10″
Weight	=	63	kg
Serum	creatinine	=	1.5	mg/dL

QUESTION	1

What	is	this	patient’s	creatinine	clearance	using	the	Cockcroft-Gault	equation?

Answer:
Approximately	35	mL/min.

QUESTION	2

Because	this	patient	has	decreased	kidney	function,	he	is	at	risk	of	accumulating
morphine	metabolites.	Which	 [active]	metabolite	 is	most	 likely	 responsible	 for
the	new	symptoms,	especially	considering	the	half-life?

a.	Morphine	–	3	–	glucuronide
b.	Morphine	–	6	–	glucuronide
c.	6	–	acetylmorphine
d.	Both	a	and	b	could	be	responsible

Answer:	a

QUESTION	3



Which	 one	 of	 the	 following	 opioids	 is	 an	 equivalent	 total	 daily	 dose	 to	 the
morphine	that	the	patient	is	receiving?

a.	Hydromorphone	45	mg	IV
b.	Fentanyl	3,000	mcg	IV
c.	Oxymorphone	30	mg	IV
d.	All	are	equivalent	doses

Answer:	d

QUESTION	4
a.	Hydromorphone	sc	infusion
b.	Fentanyl	patches
c.	Oxymorphone	IV
d.	All	of	the	above	would	be	good	choices

Answer:	a

QUESTION	5
What	would	be	the	best	starting	dose	for	this	patient?

a.	Hydromorphone	sc	infusion	1.3	mg/hr,	with	hydromorphone	0.5	mg	sc	q3h
for	breakthrough	pain

b.	Fentanyl	patch	25	mcg/hr,	apply	q72h
c.	Oxymorphone	1	mg/hr	IV	continuous	infusion
d.	None	of	the	above	are	good	alternatives

Answer:	a
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PHENOBARBITAL

Phenobarbital	 is	 a	 barbituric	 acid	 derivative	with	 hypnotic	 activity	 and	 central
nervous	 system	 (CNS)	 depressant	 effects.	 Phenobarbital	 is	 one	 of	 the	 oldest
anticonvulsant	agents	still	used	in	clinical	practice.	It	is	FDA-approved	for	short-
term	sedation/hypnosis	and	treatment	of	generalized	or	partial	onset	seizures	and
provides	an	alternative	to	treat	refractory	status	epilepticus.	It	is	less	commonly
used	 as	 the	 first-line	 anticonvulsant	 due	 to	 disadvantages	 such	 as	 cognitive
impairment,	 respiratory	 depression,	 sedation,	 and	 significant	 drug	 interactions.
The	anticonvulsant	activity	of	phenobarbital	is	thought	to	be	due	to	its	effect	on
postsynaptic	 GABA	 receptors,	 which	 increases	 seizure	 threshold	 but	 the	 full
mechanism	is	not	completely	understood.1	Phenobarbital	has	also	been	used	off-
label	 to	 treat	 alcohol	 withdrawal,	 neonatal	 seizures,	 febrile	 seizures,	 neonate
hyperbilirubinemia,	 and	 adults	 with	 congenital	 nonhemolytic	 unconjugated
hyperbilirubinemia	or	chronic	cholestasis.

DOSING
Phenobarbital	 is	 available	 in	 an	 injectable	 formulation,	 which	 can	 be	 given
intravenously	or	intramuscularly,	and	oral	formulation	(tablets	and	solution)	(see
Table	14-1).	In	adult	patients,	the	recommended	dose	for	sedation	and	hypnosis
is	 30–100	 mg/day	 and	 titrated	 upward	 slowly	 to	 400	 mg/day.	 For	 epilepsy



management,	dosing	 is	usually	weight-based	where	an	adult	maintenance	dose
of	 2	 mg/kg/day	 would	 result	 in	 a	 predicted	 steady-state	 concentration	 of	 20
mg/L.	A	case	report	suggests	 that	dosing	should	be	with	 total	body	weight.2	 If
immediate	 therapeutic	 concentrations	 are	 required	 a	 loading	 dose	 of	 15–20
mg/kg	can	be	administered	intravenously	or	orally	in	three	divided	doses	every	2
to	3	hours.	When	phenobarbital	is	administered	intravenously,	a	rate	of	no	more
than	 50	 mg/min	 is	 recommended	 to	 avoid	 toxicity	 with	 the	 propylene	 glycol
diluent.3	 Maintenance	 dosing	 in	 children	 (1–15	 years	 old)	 is	 usually	 3–5
mg/kg/day	 and	 for	 neonates	 (<2	 weeks	 of	 age)	 is	 2–4	 mg/kg/day.4	 Because
phenobarbital	has	a	long	half-life,	it	can	be	dosed	once	daily;	however,	initially
excessive	 sedation	 may	 limit	 the	 ability	 to	 use	 once-daily	 dosing.	 Excessive
sedation	can	be	minimized	by	gradually	increasing	the	dose	using	the	following
schedule:	Start	with	25	percent	of	the	final	daily	dose	each	evening	for	5–7	days
and	 if	 tolerated	 the	 dose	 can	 then	 be	 increased	 to	 50	 percent	 of	 the	 final
recommended	 dose	 for	 the	 next	 5–7	 days	 and	 then	 75	 percent	 of	 the	 final
recommended	dose	for	the	next	5–7	days.	The	titration	to	the	final	dose	should
be	completed	by	the	fourth	week	of	 therapy.	Steady-state	serum	concentrations
should	be	checked	about	3–4	weeks	after	achieving	the	total	maintenance	dose.
A	 serum	 phenobarbital	 concentration	 targeting	 between	 10–40	 mg/L	 is
considered	within	optimum	range	for	therapeutic	drug	monitoring	(TDM).5

TABLE
14-1 Dosage	Formulations	and	Strengths



ADVERSE	EVENTS
Adverse	 effects	 are	 listed	 in	 Table	 14-2.	 The	most	 common	 adverse	 effect	 of
phenobarbital	 is	 related	 to	 CNS	 depression,	 which	 includes	 sedation,	 ataxia,
fatigue,	 and	 confusion.	 However,	 in	 children	 and	 elderly	 a	 paradoxical	 effect
may	 be	 seen	 producing	 insomnia	 and	 hyperkinetic	 activity.6	 Chronically,
phenobarbital	 is	 associated	 with	 impairment	 of	 cognition,	 which	 is	 a	 major



limitation	 for	 its	 use,	 especially	 a	 problem	 in	 children	 where	 memory
impairment	 and	 compromised	 work/school	 performance	 may	 develop
independent	 of	 the	 sedation	 properties.	 The	 intelligence	 quotient	 of	 children
receiving	 phenobarbital	 was	 8.4	 points	 lower	 than	 other	 children,	 and	 these
scores	 remained	 5.2	 points	 lower	 after	 the	 phenobarbital	 was	 discontinued.7
Phenobarbital	 affects	 calcium	 and	 vitamin	 D	 metabolism	 leading	 to
hypocalcemia,	osteomalcia,	osteopenia,	osteoporosis,	and	fractures.8-10	Although
they	 are	 rare,	 dermatologic	 effects	 ranging	 from	 rash	 to	 Stevens-Johnson
syndrome	 and	 thrombocytopenia/agranulocytosis	 have	 been	 reported	 with
Phenobarbital	 and	 primidone.	 The	 rash	 is	 usually	 mild	 maculopapular,
morbilliform,	or	scarlatiniform	that	disappears	upon	discontinuation	of	the	drug.
Hypersensitivity	 syndrome	 is	 rare	 (1	 per	 3,000	 exposures,	 but	 fatal	 in	 10%	of
cases)	 and	 can	 start	 with	 a	 severe	 rash	 that	 progresses	 into	 a	 purpuric	 or
exfoliative	 dermatitis.	 Other	 signs	 of	 a	 hypersensitivity	 syndrome	 are
lymphadenopathy,	 hepatitis,	 nephritis,	 carditis,	 and	 eosinophilia.	 This
hypersensitivity	is	cross-reactive	with	other	aromatic	anticonvulsant	agents	like
carbamazepine	 and	 phenytoin.	 Intravenous	 phenobarbital	 can	 also	 cause
bradycardia,	hypotension,	and	syncope.	Phenobarbital	is	classified	in	Pregnancy
Category	 D	 due	 to	 its	 propensity	 to	 cause	 serious	 fetal	 defects	 and	 neonatal
hemorrhage	and	is	not	recommended	during	breast-feeding	because	it	is	excreted
in	the	breast	milk.

TABLE
14-2 Adverse	Effects	Associated	with	Phenobarbital	and	Primidone





PRIMIDONE

Primidone	 is	a	2-deoxy	analogue	of	phenobarbital	and	was	 first	 synthesized	 in
1949.	 In	 the	 United	 States,	 primidone	 is	 approved	 for	 adjunctive	 and
monotherapy	 use	 in	 generalized	 tonic-clonic	 seizures,	 simple	 partial	 seizures,
complex	partial	seizures,	and	myoclonic	seizures.	Primidone	is	also	considered
to	be	a	first-line	therapy	for	essential	tremor	along	with	propranolol.	Primidone
rapidly	 converts	 to	 phenobarbital	 and	 phenylethylmalonamide	 (PEMA),	which
both	possess	anticonvulsant	activity.	The	main	anticonvulsant	effects	are	thought
to	 be	 derived	 from	 phenobarbital,	 but	 unchanged	 primidone	 also	 has
anticonvulsant	activity.	It	is	thought	that	PEMA	does	not	play	a	large	role	in	the
anticonvulsant	 effects	 based	 on	 its	 potency	 of	 only	 one-twentieth	 that	 of
primidone,	 but	 PEMA	 does	 potentiate	 the	 activity	 of	 phenobarbital	 in
experimental	 models.11	 The	 exact	 mechanism	 of	 primidone	 is	 unknown	 but
believed	to	work	via	interactions	with	voltage-gated	sodium	channels	that	inhibit
high-frequency	repetitive	firing	of	action	potentials.12

DOSING
Primidone	 is	only	available	 in	an	oral	 formulation.	Patients	8	years	of	age	and
older	may	be	started	on	primidone	according	to	the	following	regimen:

Days	1	to	3:	100	to	125	mg	at	bedtime
Days	4	to	6:	100	to	125	mg	bid
Days	7	to	9:	100	to	125	mg	tid
Day	10	to	maintenance:	250	mg	tid
For	most	adults	and	children	8	years	of	age	and	over,	the	usual	maintenance

dosage	 is	 250	mg	 tid	 or	 qid.	 If	 required,	 the	 dose	may	 be	 increased	 but	 daily
doses	should	not	exceed	500	mg	qid.

For	children	under	8	years	of	age,	the	following	regimen	of	primidone	may	be
used:

Days	1	to	3:	50	mg	at	bedtime
Days	4	to	6:	50	mg	bid
Days	7	to	9:	100	mg	bid
Day	10	to	maintenance:	125	mg	tid	to	250	mg	tid
For	children	under	8	years	of	age,	the	usual	maintenance	dosage	is	125–250



mg	three	times	daily	or,	10–25	mg/kg/day	in	divided	doses.
If	 serum	 concentration	 monitoring	 is	 required,	 then	 phenobarbital

concentrations	should	be	monitored	instead	of	primidone.

ADVERSE	EVENTS
The	adverse	effects	of	primidone	are	similar	to	phenobarbital,	so	please	refer	to
the	 previous	 section.	 Upon	 initiation	 of	 therapy,	 primidone	 may	 be	 less	 well
tolerated	 compared	 to	 phenobarbital	 due	 to	 intense	 dizziness,	 nausea,	 and
sedation	that	may	be	related	to	high	initial	concentrations	of	the	parent	drug.

BIOAVAILABILITY

PHENOBARBITAL

All	 routes	 of	 administration	 (oral,	 intramuscular,	 or	 intravenous)	 of
phenobarbital	 are	 readily	 and	 completely	 absorbed	with	 an	 oral	 bioavailability
ranging	 between	 90	 percent	 and	 100	 percent	 in	 adults	 and	 children.13,14	 In
neonates,	 oral	 absorption	 may	 be	 variable	 and	 appears	 to	 be	 delayed	 and
incomplete.15	The	injectable	formulation	of	phenobarbital	can	be	given	rectally
and	 is	 readily	 absorbed	 with	 >90	 percent	 bioavailability.16	 The	 peak
concentration	following	intravenous	injection	of	phenobarbital	is	reached	at	15–
30	 minutes	 post-administration,	 and	 >4	 hours	 when	 given	 orally.13,17
Phenobarbital	 is	 administered	 as	 the	 sodium	 salt,	 which	 is	 91	 percent
phenobarbital	acid	(S	=	0.91).

PRIMIDONE
Primidone	is	absorbed	orally	with	a	bioavailability	approaching	100	percent.	The
bioavailability	 has	 significant	 intraindividual	 variability	 related	 to	 the	different
formulations/manufacturers.	The	 time	to	peak	concentrations	 in	adults	 is	2.7	 to
3.2	hours	and	in	children	4	to	6	hours.18

VOLUME	OF	DISTRIBUTION



PHENOBARBITAL
Phenobarbital	has	a	lower	lipophilicity	compared	to	other	barbiturates,	resulting
in	slower	brain	penetration,	so	an	immediate	onset	of	action	is	not	expected.	A
few	 hours	 after	 administration,	 phenobarbital	 is	 found	 in	 near-equal
concentrations	in	all	tissues	of	the	body.	Phenobarbital	is	well	distributed	in	the
brain,	and	the	concentration	is	in	equilibrium	with	brain,	cerebrospinal	fluid,	and
free	 plasma	 drug.19	 Following	 intravenous	 administration,	 phenobarbital	 has	 a
two-phase	 distribution	 with	 the	 early	 distribution	 to	 highly	 vascular	 organs
including	the	kidney,	liver,	muscle,	and	heart	(but	not	brain)	and	during	the	late
phase	 a	 fairly	 equal	 distribution	 between	 all	 tissues	 except	 for	 fat.20,21
Approximately	 12–60	 minutes	 are	 required	 for	 maximal	 entry	 into	 the	 adult
brain	with	the	rate	of	entry	related	to	age;	in	younger	patients,	a	more	rapid	entry
may	 be	 observed.22	 The	 plasma	 volume	 of	 distribution	 of	 phenobarbital
approximates	 0.6–1.0	L/kg,	 depending	 on	 the	 age	 of	 the	 patient.	Children	 and
adults	have	a	smaller	volume	of	distribution	(~0.7	L/kg)	compared	to	neonates
(~0.9	L/kg).	Phenobarbital	has	minimal	protein	binding	capacity	of	~45	percent
compared	 to	 other	AEDs	 such	 as	 phenytoin	 and	 valproic	 acid	 (>90%	protein-
bound).1,17,23,24	The	drug	is	primarily	bound	to	plasma	albumin.

PRIMIDONE

The	 volume	 of	 distribution	 of	 the	 parent	 drug	 (primidone)	 approximates	 0.6
L/kg.	 Protein	 binding	 of	 primidone	 the	 parent	 compound	 is	 approximately	 25
percent.	 The	 distribution	 of	 primidone	 through	 tissues	 is	 similar	 to
phenobarbital.	 Maximum	 brain	 concentrations	 occur	 2	 hours	 after	 drug
administration.	Primidone	is	also	distributed	to	breast	milk	at	concentrations	of
40–96	percent	of	the	maternal	serum	concentrations.	Saliva	concentrations	seem
to	correlate	with	unbound	plasma	and	cerebrospinal	fluid	concentrations.18

METABOLISM	AND	CLEARANCE/HALF-LIFE

PHENOBARBITAL
Phenobarbital	 is	primarily	metabolized	 through	 the	 liver	via	cytochrome	P-450
and	NADPH-cytochrome	C	 reductase	with	 <20	 percent	 eliminated	 unchanged
through	 the	 kidney.25	 The	 metabolite,	 p-hydroxyphenobarbital,	 is



pharmacologically	 inactive	 and	 excreted	 in	 the	 urine	 in	 conjugated	 form.	 The
total	 body	 clearance	 of	 phenobarbital	 in	 adults	 is	 0.004	 L/kg/hr	 (=	 0.1
L/kg/day).13,24	 Therefore,	 it	would	 be	 expected	 that	 for	 every	 1	mg/kg/day	 of
phenobarbital	 sodium	 administered	 a	 steady-state	 concentration	 of	 10	 mg/L
would	be	achieved	based	upon	the	following	equation:

Phenobarbital	 has	 a	 long	 elimination	 half-life	 ranging	 from	 50–160	 hours
(approximately	5	days)	 in	 adults.	Therefore,	 it	 takes	 approximately	2–3	weeks
for	phenobarbital	 to	 reach	steady	state,	and	slow	titration	 is	 important	 to	avoid
supratherapeutic	levels.

PRIMIDONE
Primidone	 is	 metabolized	 by	 the	 cytochrome	 P-450	 system	 (40–60%)	 and
eliminated	 via	 renal	 excretion	 of	 the	 unchanged	 drug	 (40–60%),	 PEMA	 (50–
70%),	and	phenobarbital	(5–10%).	Approximately	15–25	percent	of	an	oral	dose
is	 metabolized	 to	 phenobarbital.	 The	 rate	 of	 metabolism	 of	 primidone	 into
phenobarbital	is	inversely	related	to	age;	the	highest	rates	in	oldest	patients	(the
maximum	age	being	55).26	People	 aged	70–81,	 relative	 to	people	 aged	18–26,
have	decreased	renal	clearance	of	primidone,	phenobarbital,	and	PEMA,	with	a
greater	 proportion	 of	 PEMA	 in	 the	 urine.27	 Primidone	 clearance	 following	 an
initial	dose	varies	from	0.012	to	0.070	L/kg/hr	with	a	mean	of	0.037	L/kg/hr.28
Time-dependent	changes	in	clearance	necessitate	an	increase	in	dosage	over	time
to	maintain	stable	concentrations.	The	half-life	of	primidone	ranges	from	3	to	22
hours,	with	a	mean	half-life	of	15.2	hours.29	The	half-life	of	PEMA	ranges	from
24	to	48	hours.	Long-term	dosing	of	primidone	can	alter	its	half-life	potentially
due	 to	 accumulation	 of	 phenobarbital,	 which	 can	 reduce	 the	 half-life	 of
primidone.	Thus,	it	may	be	necessary	to	shorten	the	dosing	interval	with	chronic
maintenance	therapy.

Several	factors	can	modify	phenobarbital	and	primidone	elimination:
•			Age:	The	total	body	clearance	of	phenobarbital	differs	among	age	groups:
the	average	clearance	in	neonates	is	similar	to	adults	and	is	0.004	L/kg/hr
(0.1	L/kg/day),	while	clearance	in	children	(1–18	years	of	age)	is	0.008
L/kg/hr	(0.2	L/kg/day).24	The	difference	in	the	rate	of	clearance	between



neonates	and	children	is	a	result	of	the	maturation	of	the	liver	and
production	of	the	metabolizing	enzymes.	The	elimination	half-life	of
phenobarbital	is	therefore	faster	in	children,	with	a	range	of	37–133	hours,
compared	to	the	adult	and	neonate	ranges	of	50–160	hours	(approximately
5	days).14,24	Limited	information	is	available	on	any	clearance	alterations
in	elderly	but	it	appears	elderly	patients	require	lower	doses	to	achieve
therapeutic	concentrations.30	The	ability	of	neonates	to	metabolize
primidone	to	phenobarbital	is	limited	with	a	primidone	half-life	of	23
hours	in	neonates.	In	elderly	patients	both	total	and	renal	primidone
clearance	and	half-life	is	similar	to	adult	patients	as	a	result	a
compensatory	increase	in	nonrenal	clearance	due	to	a	30	percent	decrease
in	renal	clearance.27	This	result	suggests	a	possible	increase	in	the	active
metabolites	of	primidone.

•			Severe	Liver	Disease:	In	severe	liver	disease,	the	metabolism	of
phenobarbital	may	be	decreased	where	a	50	percent	increase	in	the	half-
life	of	phenobarbital	has	been	reported.31	As	expected,	a	lower	dose	should
be	considered	in	patients	with	liver	dysfunction;	however,	no	specific
recommendations	guide	how	dosage	should	be	adjusted	but	should	be
related	to	the	severity	of	the	liver	disease	using	the	Child-Pugh	score.	A
Child-Pugh	score	greater	than	8	may	represent	a	need	to	initiate	therapy	at
25–50	percent	of	the	normal	recommended	dose	and	then	monitor	the
patient	closely	for	both	response	and	toxicity	with	serum	concentrations
and	clinical	assessment.4	A	small	study	of	primidone	in	patients	with	acute
viral	hepatitis	did	not	find	any	alterations	in	pharmacokinetic	parameters,
although	it	was	only	a	single	dose	study.32

•			Renal	Impairment:	It	is	expected	that	renal	dysfunction	will	increase	the
half-life	of	phenobarbital	and	primidone,	and	increased	toxicity	has	been
reported	in	patients	with	renal	impairment.33,34	Current	data	do	not	suggest
empiric	dosage	adjustments	are	necessary	for	phenobarbital	in	patients
with	moderate-to-severe	renal	impairment	(CrCl	<30	mL/min)	but	they
should	be	closely	monitored.3,35	Approximately	30	percent	of
phenobarbital	and	primidone	is	removed	with	hemodialysis,	7.5–15
percent	is	removed	with	peritoneal	dialysis,	and	a	significant	amount	is
removed	with	hemoperfusion	(sieving	coefficient	0.86).36-38	Clearance
may	be	higher	with	high-efficiency	hemodialyzers	(up	to	50%).39
Supplemental	dosing	following	dialysis	is	often	required,	but	no	clear
guidelines	indicate	the	amount	required.3	In	adults	on	polytherapy	and	in



children,	approximately	40	percent	of	primidone	is	cleared	via	the	kidney,
with	another	5–10	percent	of	an	administered	dose	of	primidone	excreted
via	the	kidney	as	phenobarbital.40	Thus,	the	dosage	of	primidone	should	be
reduced	in	patients	with	renal	impairment,	with	a	suggested	25–50	percent
reduction	in	dosage	in	patients	with	creatinine	clearance	less	than	30
mL/min.

•			Drug	Interactions:	Drug	interactions	with	phenobarbital	have	been
described	and	are	of	varying	clinical	significance.	Phenobarbital	is	a	potent
inducer	of	the	cytochrome	P-450	isoenzyme	systems	specifically
CYP1A2,	CYP2C9,	and	CYP3A4.	Because	phenobarbital	is	a	metabolite
of	primidone,	similar	drug	interactions	are	expected	with	primidone
administration.	In	patients	receiving	concurrent	enzyme-inducing
anticonvulsant	drugs,	the	half-life	of	primidone	ranges	from	3.3	to	11
hours.	See	Table	14-3	for	a	description	of	clinically	significant	drug
interactions.

•			pH:	The	elimination	of	phenobarbital	is	sensitive	to	body	pH,	where	an
increase	in	urine	pH	increases	renal	clearance	of	phenobarbital
significantly.41

•			Nutritional	State:	Patients	with	malnutrition	may	have	increased	clearance
of	phenobarbital	and	primidone,	with	a	resulting	decrease	in	half-life	that
can	persist	for	long	periods	after	refeeding.42	These	patients	may	need
more	aggressive	dosing.43

TABLE
14-3 Phenobarbital	Drug	Interactions





CONCENTRATION	MONITORING

PHENOBARBITAL
Several	analytical	methods	can	be	used	 to	assess	phenobarbital	 concentrations.
Gas-liquid	chromatography	may	be	performed	 to	detect	 the	unchanged	drug	or
its	 alkylated	 metabolites;	 however,	 interference	 with	 the	 assay	 is	 significant.
High-performance	 liquid	 chromatography	 can	 be	 used,	 but	 it	 is	 subject	 to
interference	with	carbamazepine	epoxide.	Enzyme-multiplied	immunoassay	and
fluorescence-polarization	 immunoassay	 are	 the	 most	 commonly	 used	 assay
techniques	because	they	have	the	advantage	of	rapid	and	accurate	determination
of	concentrations	 in	 serum	or	plasma,	but	 they	also	have	a	potential	 for	cross-
reaction	with	coadministered	barbiturates.5,44

Phenobarbital	exhibits	linear	pharmacokinetics	where	an	increase	in	the	dose
results	 in	 a	 proportional	 increase	 in	 the	 serum	 concentration.5,17	 A	 minimum
plasma	 level	 of	 10	 mg/L	 was	 found	 to	 be	 effective	 in	 controlling	 seizure
activities.	 The	 upper	 limit	 of	 phenobarbital	 is	 controversial.	 Some	 patients
exhibit	 toxic	 symptoms	at	 a	 level	above	30	mg/L	where	others	 tolerate	a	 level
greater	 than	 40	 mg/L.	 Common	 toxic	 signs	 and	 symptoms	 associated	 with	 a
level	 >40–45	 mcg/mL	 include	 sedation,	 nystagmus,	 ataxis,	 dysarthria,	 and
seizure	in	severe	cases.	Concentrations	above	100	mg/L	may	be	considered	to	be
potentially	lethal.45	Therefore,	therapeutic	level	between	10–40	mg/L	should	be
attained	to	ensure	maximum	efficacy	and	minimal	toxicity.

Indications	 for	 serum	 concentration	 monitoring	 include	 loss	 of	 seizure
control,	 possible	 toxicity,	 dosing	 changes,	 significant	 liver	 and/or	 renal
impairment,	 dialysis,	 and	 addition	 or	 deletion	 of	 an	 interacting	 drug.46	 Ideally
phenobarbital	concentrations	should	be	drawn	immediately	before	the	next	dose
to	 ensure	 a	 true	 trough.	 However,	 because	 of	 the	 long	 half-life,	 a	 random
phenobarbital	 level	can	be	obtained	as	 long	as	 levels	are	drawn	consistently	at
similar	 time	 points	 to	 ensure	 correct	 interpretation.5,23	 Because	 steady	 state	 is
not	generally	reached	until	2–3	weeks,	rechecking	phenobarbital	concentrations
immediately	following	dosage	adjustment	will	not	accurately	reflect	the	change.
Routine	monitoring	of	phenobarbital	should	only	occur	2–3	weeks	after	dosing
initiation	or	change;	however,	serum	concentration	monitoring	may	be	necessary
sooner	 to	 assess	 for	 the	 need	 of	 an	 additional	 loading	 dose	 or	 if	 toxicity	 is



suspected.	If	concentrations	are	assessed	following	intravenous	administration	of
phenobarbital,	the	sample	should	be	drawn	at	least	one	hour	after	the	end	of	the
infusion	to	avoid	the	distribution	phase.

PRIMIDONE
A	 poor	 correlation	 is	 found	 between	 serum	 primidone	 concentrations	 and	 the
oral	dose	of	primidone.	A	range	of	5–12	mg/L	of	primidone	has	been	suggested
as	therapeutic;	however,	only	limited	utility	comes	from	using	this	guideline	in
using	this	clinically.	It	is	recommended	to	measure	phenobarbital	concentrations
to	guide	therapy;	phenobarbital	concentrations	generally	becomes	detectable	24
hours	 after	 primidone	 initiation.	 A	 summary	 of	 the	 key	 pharmacokinetic
parameters	for	phenobarbital	and	primidone	can	be	found	in	Table	14-4.

TABLE
14-4

Key	Pharmacokinetic	Parameters	of	Phenobarbital	and
Primidone



CASE	STUDIES

CASE	1:	LOADING	DOSE	AND	ADMINISTRATION
JP	 is	 a	 60-year-old	 female	 who	 presents	 to	 the	 emergency	 department	 with	 a
diagnosis	 of	 intracerebral	 hemorrhage.	 She	 is	 5′5″	 and	 weighs	 62	 kg.	 Upon



arrival	 in	 the	 intensive	 care	 unit,	 she	 is	 unresponsive.	 An	 EEG	 is	 obtained
showing	 nonconvulsive	 status	 epilepticus.	 After	 administration	 of	 6	 mg	 of
lorazepam	 and	 1,000	 mg	 of	 phenytoin,	 it	 is	 decided	 to	 start	 her	 on
phenobarbital.

QUESTION	1

What	loading	dose	of	phenobarbital	should	be	administered?

Answer:
Two	methods	can	be	used	 to	calculate	an	 initial	 loading	dose	of	phenobarbital,
the	 literature-based	 recommended	 dosing	 and	 the	 pharmacokinetic	 dosing
method.	 Each	 method	 has	 advantages	 and	 disadvantages.	 The	 literature-based
method	is	a	popular	method	due	to	the	ease	of	calculation,	but	it	does	not	offer
the	 flexibility	 of	 targeting	 a	 specific	 serum	 concentration.	 This	 method	 will
generally	 achieve	 concentrations	 in	 the	 middle	 to	 lower	 portion	 of	 the
therapeutic	range.	In	addition,	this	method	cannot	be	used	if	the	patient	presents
with	a	 subtherapeutic	phenobarbital	 level	and	needs	a	 loading	dose	 to	 increase
the	serum	level	into	the	therapeutic	range	or	if	the	patient	has	recently	received	a
suboptimal	 loading	 dose.	 The	 pharmacokinetic	 dosing	 method	 is	 commonly
based	 on	 population	 pharmacokinetic	 parameters	 and	 allows	 the	 flexibility	 of
targeting	a	specific	level.

If	 the	 literature-based	 recommended	 dosing	 method	 is	 chosen,	 it	 can	 be
calculated	in	the	following	manner:

Loading	dose	=	15–20	mg/kg
Loading	dose	=	62	kg	×	20	mg
Loading	dose	=	1,240	mg

The	targeted	serum	concentration	dosing/pharmacokinetic	dosing	method	can
be	calculated	by	using	the	following	equation:



Because	this	dosage	is	given	intravenously,	the	bioavailability	F	=	1.0	and	the
salt	 fraction	 S	 =	 0.9	 for	 phenobarbital	 sodium.	 In	 adults,	 the	 volume	 of
distribution	 can	 be	 estimated	 at	 0.7	 L/kg.	 In	 most	 patients,	 a	 targeted	 serum
concentration	of	30	mg/L	would	be	appropriate	to	achieve	a	serum	level	of	10–
40	mg/L.

JP	 should	 receive	 a	 loading	 dose	 rounded	 up	 to	 1,200	mg	 to	 achieve	 a	 serum
concentration	of	30	mg/L.

QUESTION	2

How	should	phenobarbital	be	administered?

Answer:
Phenobarbital	 can	 be	 administered	 either	 by	 intravenous	 push	 or	 diluted	 in	 an
appropriate	volume	of	 fluid	and	given	 intravenously	over	a	 specific	amount	of
time.	The	maximum	 infusion	 rate	 recommended	 to	 avoid	 toxicity	 (specifically
hypotension)	is	50	mg/min	even	though	higher	maximum	rates	may	be	found	in
the	 official	 product	 information.	 It	 is	 commonly	 divided	 into	 two	 or	 three
portions	 and	 administered	 over	 several	 hours.	 This	 strategy	 can	 be	 used	 in
patients	 to	 avoid	 cardiac	 toxicity	 from	 the	 propylene	 glycol	 diluents	 in	 the
injectable	dosage	form.	Phenobarbital	 loading	doses	can	be	rounded	depending
on	 the	 dosage	 forms	 available	 at	 each	 specific	 institution.	 It	 is	 important	 to
monitor	 level	 of	 consciousness	 because	 higher	 doses	 of	 phenobarbital	 can
produce	 somnolence	 and	may	 require	 intubation	 of	 the	 patient.	 As	mentioned
earlier,	phenobarbital	is	a	cardiac	depressant	and	likely	will	cause	hypotension,
particularly	 during	 infusion	 of	 the	 loading	 dose.	 Phenobarbital	 is	 stable	 in
normal	saline,	dextrose	5	percent,	and	lactated	ringers.47

In	order	to	calculate	the	administration	rate,	you	must	first	calculate	the	total
administration	time	by	using	the	following	equation:



Next,	the	infusion	rate	in	mL	per	hour	should	be	calculated.	The	total	volume	to
be	 infused	 is	 divided	 by	 the	 administration	 time.	Because	 this	 calculation	will
give	 you	 the	 infusion	 rate	 in	 mL	 per	 minute,	 if	 the	 infusion	 pump	 is	 to	 be
programmed	in	mL/hour,	the	rate	should	be	multiplied	by	60	minutes.

Loading	Dose	Targeted	to	Increase	to	a	Specific	Serum	Concentration
JP	was	given	a	loading	dose	of	500	mg	over	10	minutes.	A	serum	phenobarbital
level	was	obtained	and	it	was	10	mg/L.

QUESTION	3

What	 dose	 of	 phenobarbital	 should	 be	 given	 to	 achieve	 a	 therapeutic
concentration	of	30	mg/L?

Answer:
Using	 the	 pharmacokinetic	 dosing	 strategy,	 an	 additional	 loading	 dose	 can	 be
calculated	 if	 a	 patient	 has	 a	 subtherapeutic	 phenobarbital	 level.	 The	 same
principles	 are	 used	 as	 with	 initial	 loading	 doses,	 altering	 the	 targeted	 serum



concentration	 to	 reflect	 the	 degree	 of	 increase	 desired.	 The	 additional	 loading
dose	to	 increase	by	a	specific	concentration	can	be	calculated	by	the	following
equation:

LD	=	ΔC	(Cdesired	–	Cmeasured)	×	Vd

LD	=	(30	mg/L	–	10	mg/L)	×	(0.7	L/kg	×	62	kg)
LD	=	868	mg,	rounded	up	to	900	mg

Measurement	of	Serum	Concentration
Although	 not	 yet	 at	 steady	 state,	 serum	 levels	 can	 be	 obtained	 following	 the
loading	 dose	 of	 phenobarbital,	 which	 can	 determine	 whether	 an	 appropriate
loading	dose	has	 been	 administered.	As	mentioned	 earlier,	 it	 is	 ideal	 to	 obtain
serum	phenobarbital	levels	immediately	prior	to	giving	the	dose,	but	because	of
low	fluctuation	in	levels	between	dosing	intervals	due	to	its	long	half-life,	serum
phenobarbital	levels	can	be	obtained	at	any	time	of	the	day.5	When	obtaining	a
serum	concentration	following	the	loading	dose,	it	is	important	to	allow	enough
time	for	distribution	of	the	medication.	In	general,	it	is	appropriate	to	wait	1	hour
after	IV	administration	to	obtain	a	serum	concentration	and	up	to	2–5	hours	for
oral	phenobarbital	due	to	prolonged	absorption.

CASE	2:	MAINTENANCE	DOSE	WITH	THE	POPULATION
PHARMACOKINETICS	METHOD
SL,	a	70-year-old	male	with	a	brain	tumor,	is	being	started	on	phenobarbital	for
seizures.

Height	=	73″
Weight	=	65	kg

QUESTION	1
What	maintenance	dose	should	he	be	started	on	to	achieve	a	concentration	of	30
mg/L?

Answer:
The	maintenance	dose	is	calculated	by	multiplying	the	desired	concentration	by
the	clearance	(0.1	L/kg/day)	and	the	dosing	interval.	Because	oral	phenobarbital



is	to	be	used	for	the	maintenance	dose,	the	bioavailability	is	approximately	100
percent	 (F	 =	 1.0)	 and	 the	 salt	 factor	 is	 0.9.	 The	 following	 equation	 is	 used	 to
calculate	the	maintenance	dose.

QUESTION	2

If	the	patient	does	not	receive	a	loading	dose,	how	long	will	it	take	to	achieve	a
level	of	20	mg/L?

Answer:
To	determine	how	long	it	will	take	to	achieve	a	specific	level,	several	equations
must	be	used.	The	half-life	of	phenobarbital	should	first	be	calculated,	followed
by	 the	 elimination	 rate	 constant	 (ke).	 Once	 this	 calculation	 is	 complete,	 the
serum	concentration	 after	 one	half-life	 can	be	 calculated	by	using	 the	half-life
and	 elimination	 rate	 constant.	 By	 dividing	 the	 desired	 concentration	 by	 the
concentration	 estimated	 at	 one	 half-life,	 the	 time	 to	 achieve	 the	 desired
concentration	can	be	calculated	using	the	following	steps:

Step	1:	Calculate	half-life.



Step	2:	Calculate	elimination	rate	constant.

Step	3:	Calculate	concentration	at	end	of	one	half-life.

Step	4:	Calculate	number	of	half-lives	to	achieve	desired	concentration.



Step	5:	Calculate	time	to	reach	desired	concentration.

It	 will	 take	 approximately	 6	 days	 to	 achieve	 a	 concentration	 of	 20	mg/L	 if	 a
loading	dose	is	not	given.

CASE	3:	CALCULATION	OF	EXPECTED	STEADY-STATE
LEVEL
HR	is	a	50-year-old,	120	kg	female	receiving	primidone	250	mg	every	6	hours.	It
is	recommended	to	obtain	phenobarbital	levels	to	assess	dosing	with	primidone.

QUESTION
What	 concentration	 of	 phenobarbital	 would	 you	 expect	 to	 achieve	 at	 steady
state?

Answer:
The	phenobarbital	concentration	at	steady	state	can	be	calculated	by	utilizing	the
following	equation:

CASE	4:	PATIENT	SPECIFIC	PHARMACOKINETICS



JJ	 is	 a	 20-year-old	 male	 with	 a	 diagnosis	 of	 complex	 partial	 seizures	 who	 is
being	 seen	 in	 the	neurologist’s	 office.	He	was	discharged	 from	 the	hospital	 on
phenobarbital	 60	mg	 twice	daily	and	 levetiracetam	500	mg	 orally	 twice	 daily.
He	 had	 a	 serum	 phenobarbital	 level	 obtained	 this	 morning	 two	 hours	 after
taking	his	morning	dose,	which	was	9.8	mg/L.	A	target	of	30	mg/L	is	desired.

Height	=	71″
Weight	=	95	kg
Serum	creatinine	=	1.2	mg/L

QUESTION

What	new	dosing	regimen	should	be	given	for	JJ’s	phenobarbital?

Answer:
Because	phenobarbital	and	primidone	concentrations	increase	linearly	with	dose,
adjustment	 of	 the	 maintenance	 dose	 to	 achieve	 a	 specific	 concentration	 is
relatively	straightforward.	The	following	equation	is	useful	in	determining	a	new
dose.	The	new	dose	is	equal	 to	 the	desired	new	concentration	(CSSnew)	divided
by	 the	measured	 concentration	 at	 steady	 state	 (CSSold),	 then	multiplied	 by	 the
dose	the	patient	was	receiving	when	the	steady	state	concentration	was	obtained
(Dold).

Dnew	=	(CSSnew/CSSold)Dold

Dnew	=	(30	mg/L/9.8	mg/L)120	mg/L

Dnew	=	367.3	mg,	rounded	to	350	mg
Phenobarbital	 is	 available	 in	 several	 dosage	 forms,	 which	 should	 be

considered	when	 recommending	 the	 dose	 (see	 Table	 14-1);	 therefore,	 the	 new
dosage	regimen	should	be	175	mg	orally	twice	daily.

CASE	5:	DRUG	INTERACTIONS
XY,	 a	 30-year-old	 female	 patient,	 has	 been	 receiving	phenobarbital	 60	mg	bid
for	 6	 years	 for	 the	 treatment	 of	 complex	 partial	 seizures	 after	 suffering	 a
traumatic	 brain	 injury	 in	 a	 motor	 vehicle	 collision.	 The	 patient	 reports
satisfactory	seizure	control	over	 the	past	2	years,	but	also	reports	 that	she	has



had	 drowsiness	 and	 difficulty	 concentrating	 at	 work	 in	 the	 past	 few	 weeks.
Valproic	 acid	 500	 mg	 every	 24	 hours	 was	 added	 to	 her	 regimen	 for	 the
prevention	of	migraine	headaches	2	months	ago.	Phenobarbital	concentrations
were	 obtained	 1	 year	 ago	 and	 1	 week	 ago	 and	 were	 22	 mg/L	 and	 32	 mg/L,
respectively.	 The	 patient,	 a	 mother	 of	 two	 children,	 has	 been	 using	 barrier
methods	 for	 contraception	 and	 would	 like	 advice	 regarding	 the	 use	 of	 oral
contraceptives	(OCs)	for	birth	control.

QUESTION

What	recommendation	would	you	make	to	XY?

Answer:
Phenobarbital	 is	 a	 potent	 inducer	 of	 cytochrome	 P450	 (CYP)	 enzymes,
particularly	 the	 CYP2C9	 and	CYP3A4	 subfamily.	 It	 also	 can	 enhance	 uridine
diphosphate-glucuronosyltransferase	(UGTs).	It	is	eliminated	by	renal	excretion
(25%)	and	is	also	a	substrate	for	hepatic	(75%)	metabolism	by	CYP2C9	and	to	a
smaller	 extent	 CYP2C19.48	 The	 effect	 of	 hepatic	 induction	 by	 phenobarbital
results	 in	 a	 number	 of	 clinically	 significant	 drug	 interactions	 involving
antiepileptic	drugs	such	as	carbamazepine,	lamotrigine,	and	valproic	acid,	and	a
number	of	other	drugs,	including	calcium	channel	blockers,	oral	contraceptives,
and	 warfarin.	 Enzyme	 induction	 is	 a	 gradual	 process	 that	 involves	 protein
synthesis,	which	may	 take	 several	 days	or	weeks	 to	occur.	The	 time-course	of
induction	 is	dependent	upon	 the	half-life	offending	agent.	Therefore,	 the	effect
of	enzyme	induction	by	phenobarbital	may	not	be	fully	appreciated	for	several
weeks	 based	 upon	 the	 prolonged	 half-life	 (~5	 days)	 and	 time	 to	 reach	 steady
state.48

Although	 other	 drugs	 can	 affect	 phenobarbital	 metabolism,	 few	 clinically
significant	 interactions	exist	 that	alter	phenobarbital	metabolism	because	of	the
mixed	 nature	 (both	 hepatic	 and	 renal)	 of	 drug	 clearance	 and	 its	 low	 plasma
protein	binding.49	Valproic	acid	is	a	potent	inhibitor	of	CYP2C9	and	is	likely	the
agent	 involved	 in	 the	 most	 clinically	 important	 drug	 interaction	 altering
phenobarbital	metabolism.	Clinical	and	experimental	studies	have	demonstrated
that	coadministration	with	phenobarbital	results	in	a	30–50	percent	reduction	in
phenobarbital	 clearance	 with	 resultant	 elevation	 in	 serum	 concentrations.50,51
Although	not	 fully	 elucidated,	 this	 elevation	may	be	 the	 result	of	 inhibition	of



both	glucuronidation	and	glucosidation	metabolic	pathways	by	valproate.52	The
patient	is	complaining	of	an	increase	in	cognitive	and	sedative	side	effects,	and
coupled	 with	 the	 reported	 elevation	 in	 phenobarbital	 serum	 concentrations,	 a
significant	 drug	 interaction	 with	 valproic	 acid	 appears	 likely.	 Management
strategies	would	 include	a	 reduction	 in	phenobarbital	dose	 to	30	mg	bid	or	 the
use	 of	 an	 alternate	 agent	 for	 migraine	 headache	 prophylaxis	 devoid	 of	 an
interaction	such	as	nadolol.	Phenobarbital	may	lower	valproic	acid	levels	but	the
significance	of	 this	 interaction	 is	 less	 clear	with	 reported	 reductions	 in	plasma
valproic	acid	 levels	of	10–76	percent.53-55	Nonetheless,	 it	would	be	prudent	 to
monitor	 serum	 valproic	 acid	 concentrations	 if	 the	 two	 drugs	 are	 continued
concomitantly.

Seizure	 disorders	 present	 a	 major	 concern	 for	 women	 of	 childbearing	 age.
Women	with	epilepsy	have	a	higher	rate	of	pregnancy-associated	complications
such	 as	 eclampsia,	 preeclampsia,	 and	 spontaneous	 abortion.56	 Also,	 data	 from
pregnancy	registries	suggest	that	several	antiepileptic	medications	are	associated
with	 major	 congenital	 defects,	 particularly	 those	 receiving	 anticonvulsant
polytherapy	 or	 valproic	 acid.57,58	 Antiepileptic	 drugs	 may	 have	 a	 substantial
effect	 on	 therapeutic	 concentrations	 of	 oral	 contraceptives	 (OC),	 particularly
enzyme-inducing	 agents	 such	 as	 carbamazepine,	 phenytoin,	 and	 phenobarbital.
According	to	one	population-based	study	examining	the	care	of	pregnant	women
with	epilepsy,	oral	contraceptive	failure	was	responsible	for	nearly	25	percent	of
pregnancies.59	Both	estrogen	and	progesterone	are	metabolized	by	CYP3A4,	and
enzyme-inducing	AESs	may	 reduce	 the	 concentration	 of	OC	 by	 50	 percent.60
Therefore,	 patients	 prescribed	 OC	 with	 concurrent	 administration	 of	 enzyme-
inducing	 AEDs	 require	 at	 least	 50	 mcg	 of	 estrogen,	 and	 this	 dose	 should	 be
increased	if	breakthrough	bleeding	occurs.61	A	more	reliable	option	would	be	the
use	of	a	barrier	method	such	as	an	intrauterine	device	(IUD).

CASE	6:	DOSING	IN	PATIENTS	WITH	ALTERED	VOLUME
OF	DISTRIBUTION:	CRITICAL	CARE	CONSIDERATIONS
RY	 is	a	50-year-old	male	who	was	admitted	 seven	days	ago	with	a	40	percent
burn	 to	 the	 legs	 and	 abdomen	 after	 a	 house	 fire.	 Today,	 he	 has	 become
hypotensive	 and	 started	 on	 norepinephrine	 and	 vasopressin	most	 likely	 due	 to
severe	 sepsis.	He	has	a	history	of	 seizures	and	has	 received	phenobarbital	 for
several	years	prior	to	admission	with	consistent	levels	at	25–30	mg/L.



QUESTION

Would	you	expect	any	changes	to	RY’s	phenobarbital	levels	to	occur	during	this
admission?

Answer:
Critically	ill	patients	can	be	challenging	when	dosing	medications	with	a	narrow
therapeutic	 index.	 These	 patients	 commonly	 have	 alterations	 in	 volume	 of
distribution,	 both	 increased	 as	 well	 as	 reduced.	 Acute	 changes	 in	 volume	 of
distribution	in	critically	ill	patients	are	most	commonly	due	to	the	movement	of
water	from	the	intravascular	to	the	extravascular	space.	Common	disease	states
that	 can	 result	 in	 increases	 in	 volume	 of	 distribution	 include	 congestive	 heart
failure,	renal	failure	including	patients	on	renal	replacement	therapy,	liver	failure
with	ascites,	sepsis	and	major	burns.	Hypoproteinemia	is	common	in	critically	ill
patients	 and	 those	 with	 chronically	 reduced	 nutritional	 intake	 and	 can	 also
reduce	volume	of	distribution,	especially	in	medications	that	are	highly	protein-
bound.62

Little	 literature	is	available	to	direct	practitioners	 in	dosing	of	phenobarbital
in	patients	with	alterations	of	volume	of	distribution.	In	critically	ill	patients	and
those	 with	 suspected	 alterations	 in	 volume	 of	 distribution,	 therapeutic	 drug
monitoring	is	essential.	These	patients	should	be	regularly	monitored	 to	ensure
changes	 of	 volume	 of	 distribution	 are	 recognized	 and	 adjustments	 made	 to
prevent	underdosing	or	toxicity.

In	this	case,	because	burns	and	sepsis	may	increase	the	phenobarbital	volume
of	distribution,	RY’s	phenobarbital	levels	may	decrease	and	he	may	need	to	have
his	dose	adjusted	until	 the	burns	are	healed	and	 severe	 sepsis	 resolved.	Closer
monitoring	of	phenobarbital	 levels	 should	be	obtained	during	and	 immediately
following	RY’s	hospitalization.

CASE	7:	DOSING	IN	OBESE/UNDERWEIGHT	PATIENTS
LK	 is	 a	 16-year-old	 female	 (47	 kg)	 who	 has	 been	 suffering	 from	 bulimia	 for
several	 years.	 She	 presents	 to	 the	 emergency	 department	 after	 having	 a
witnessed	seizure	and	has	an	additional	seizure	once	admitted	to	the	neurology
floor.	 She	 is	 hyponatremic	 and	 has	 low	 serum	 potassium,	 most	 likely	 due	 to
vomiting.	Her	serum	albumin	is	1.1	g/dL.



QUESTION

What	considerations	need	to	be	made	when	initiating	maintenance	dosing	in	this
patient	with	severe	malnutrition?

Answer:
Similar	to	patients	with	altered	volumes	of	distribution,	patients	with	extremes	in
weight	can	also	be	challenging,	and	little	evidence	is	available	 to	direct	dosing
for	phenobarbital	and	primidone.	Patients	with	malnutrition	may	have	increased
clearance	of	phenobarbital	and	primidone	with	a	resulting	decrease	in	half-life,
which	 can	 persist	 for	 long	 periods	 after	 refeeding.42	 These	 patients	may	 need
more	 aggressive	 dosing.43	 One	 case	 report	 in	 the	 literature	 describes	 utilizing
intravenous	 phenobarbital,	 which	 suggests	 morbidly	 obese	 patients	 should	 be
dosed	based	on	total	body	weight.	This	case	reported	a	volume	of	distribution	of
0.82	L/kg	based	on	actual	body	weight,	a	clearance	of	1.74	L/hr	(0.22	L/kg/day),
and	 a	T½	 of	 61	 hours.2	Although	more	 evidence	 in	 this	 area	 is	 needed	 before
dosing	 based	 on	 total	 body	 weight	 should	 be	 widely	 implemented,	 a	 strategy
with	 dosing	 this	 patient	 population	 is	 to	 initially	 dose	 phenobarbital	 and
primidone	base	on	total	body	weight	with	close	therapeutic	drug	monitoring.

LK	 should	 initially	 be	 given	 a	 loading	 dose	 of	 phenobarbital	 based	 on	 her
actual	 body	 weight.	 Because	 LK’s	 clearance	 may	 be	 increased,	 serum
phenobarbital	 levels	 should	 be	 closely	 monitored	 to	 ensure	 therapeutic	 serum
concentrations	are	maintained.	From	serum	concentrations	a	calculated	clearance
for	LK	can	be	determined.

CASE	8:	DOSING	IN	RENAL	DYSFUNCTION	WITHOUT
DIALYSIS
BG	 is	a	58-year-old	 female	 receiving	phenobarbital	 60	mg	bid	 for	her	 seizure
disorder	secondary	to	a	stroke	for	the	past	2	years.	Since	starting	this	regimen
BG	 has	 developed	 renal	 impairment	 and	 her	 current	 serum	 creatinine	 is	 2.5
mg/dL.	 A	 serum	 concentration	 has	 not	 been	 checked	 since	 initially	 starting
therapy.	 The	 patient	 is	 in	 the	 clinic	 today	 complaining	 of	 difficulty	 in
concentrating	but	has	not	experienced	seizures	during	the	past	several	months.

Height	=	65″
Weight	=	86	kg



QUESTION

Does	this	patient	require	dosage	adjustment	for	renal	impairment?

Answer:
Elimination	 of	 phenobarbital	 is	 through	 both	 metabolism	 and	 excretion
unchanged	 in	 the	 urine.	 The	 exact	 amount	 excreted	 unchanged	 in	 the	 urine
reported	 in	 the	 literature	 ranges	 from	 10	 to	 50	 percent.63-65	 The	 inter-	 and
intraindividual	 variability	 in	 phenobarbital	 elimination	 require	 a	 cognizance	 of
these	 discrepancies.	 The	 pH	 of	 the	 urine	 is	 an	 important	 consideration	 when
assessing	 excretion,	 because	 alkaline	 urine	 facilitates	 excretion	 of	 unchanged
phenobarbital,	 while	 acidic	 urine	 increases	 the	 reabsorption	 of	 phenobarbital
leading	 to	 a	 prolonged	 half-life.	 In	 adults	 receiving	 primidone	 monotherapy,
approximately	60	percent	of	primidone	is	cleared	via	the	kidney.40	In	adults	on
polytherapy	 and	 in	 children,	 approximately	40	percent	 of	 primidone	 is	 cleared
via	 the	 kidney.	Another	 5–10	percent	 of	 an	 administered	 dose	 of	 primidone	 is
excreted	via	the	kidney	as	phenobarbital.40	These	observations	suggest	 that	 the
dosage	 of	 primidone	 probably	 should	 be	 reduced	 in	 patients	 with	 renal
impairment,	with	a	25–50	percent	reduction	in	dosage	in	patients	with	creatinine
clearance	less	than	30	mL/min.	The	amount	of	this	reduction	should	be	based	on
a	 determination	 of	 the	 plasma	 concentrations	 of	 primidone	 and	 phenobarbital.
Current	 data	 do	 not	 suggest	 empiric	 dosage	 adjustments	 are	 necessary	 for
phenobarbital	 in	 patients	with	moderate-to-severe	 renal	 impairment	 (CrCl	 <30
mL/min)	 but	 they	 should	 be	 closely	 monitored.3,35	 It	 is	 expected	 that	 renal
dysfunction	 will	 increase	 the	 half-life	 of	 phenobarbital	 and	 primidone,	 and
increased	 toxicity	 has	 been	 reported	 in	 patients	 with	 renal	 impairment.33,34
Additionally	 no	 information	 is	 available	 on	 the	 impact	 of	 hepato-renal
syndrome,	although	a	reduction	in	clearance	would	be	expected.

In	 this	 particular	 patient	 case,	 assessing	 a	 serum	 concentration	 is	 important
when	the	patient	is	experiencing	a	side	effect	and	likely	has	reduced	clearance.
BG’s	 estimated	 creatinine	 clearance	 based	 upon	 the	 Cockcroft	 and	 Gault
equation	 is	 28	mL/min.	 Any	 dosage	 adjustments	 should	 be	made	 based	 upon
serum	concentrations.

CASE	9:	DOSING	IN	RENAL	DYSFUNCTION	WITH
DIALYSIS



RU	 is	 a	 65-year-old	 patient	 (72	 kg)	 with	 chronic	 renal	 failure	 and	 a	 seizure
disorder.	He	has	been	maintained	on	a	phenobarbital	regimen	of	120	mg	qpm	for
the	 past	 year.	 Recently	 his	 renal	 disease	 has	 progressed	 and	 now	 requires
hemodialysis	 three	 times	 per	 week.	 Describe	 any	 alterations	 that	 may	 be
necessary	 in	his	phenobarbital	regimen	and	calculate	 the	supplemental	dosage
that	would	be	required	 if	a	measured	postdialysis	concentration	 is	7	mg/L	and
the	desired	concentration	is	20	mg/L.

The	 extent	 of	 dialyzability	 of	 a	 particular	 drug	 is	 based	 on	 several
characteristics	of	the	drug	including	molecular	size,	protein	binding,	volume	of
distribution,	water	solubility,	and	plasma	clearance.	Drugs	that	are	water-soluble,
not	 highly	 protein-bound,	 and	 that	 have	 a	 small	 volume	 of	 distribution	 are
readily	removed	by	hemodialysis.	Phenobarbital	is	sparingly	soluble	in	water,	is
approximately	 50	 percent	 protein-bound,	 and	 has	 a	 modest	 volume	 of
distribution,	while	 primidone	 is	 poorly	 soluble	 in	water,	 is	minimally	 protein-
bound,	and	has	a	modest	volume	of	distribution,	therefore	both	agents	are	at	high
risk	 for	 removal.	Additionally	 the	 dialysis	membrane,	 blood	 and	 dialysis	 flow
rates,	and	type	of	dialysis/hemoperfusion	will	also	determine	the	extent	of	drug
removal.	Approximately	30	percent	of	phenobarbital	and	primidone	is	removed
with	 hemodialysis	 and	 7.5–15	 percent	 is	 removed	 with	 peritoneal	 dialysis.
Clearance	 may	 be	 higher	 with	 high-efficiency	 hemodialyzers	 (up	 to	 50%).39
Supplemental	dosing	following	dialysis	is	often	required,	but	no	clear	guidelines
indicate	 the	 amount	 required.3	 Phenobarbital	 is	 also	 significantly	 removed	 by
hemoperfusion	 with	 a	 sieving	 coefficient	 of	 0.86.36,37	 Supplemental	 dosing
should	be	guided	based	on	serum	concentration	monitoring.

To	 determine	 the	 amount	 of	 the	 one-time	 postdialysis	 supplemental	 dosing
required	 the	 following	 equation	 can	 be	 utilized	 assuming	 a	 volume	 of
distribution	of	0.7	L/kg.

Supplemental	loading	dose

=	(Cdesired	–	Cachieved)	×	Vd	=	(20	mg/L	–	7	mg/L)(50.4	L)	=	650	mg

CASE	10:	DOSING	IN	HEPATIC	DYSFUNCTION
DZ	 is	 a	 56-year-old	 (152	 pounds)	 admitted	 to	 the	 hospital	 with	 a	 history	 of
altered	consciousness	and	irrelevant	talking.	His	wife	indicates	that	he	has	had
abdominal	 “bloating”	 for	 the	 past	 3	 months	 that	 has	 been	 relieved	 with
medication.	He	consumes	approximately	two	bottles	of	alcohol	everyday	for	the



past	 15	 years.	 Examination	 revealed	 a	 drowsy	 but	 arousable	 patient	 with	 a
flapping	 tremor,	 ascites,	 splenomegaly,	 and	 pitting	 edema.	 Vital	 signs	 were
stable.	Laboratory	values	include:

Na	=	128	mEq/L
SCr	=	1.5	mg/dL
albumin	=	2.7	g/dL
total	bilirubin	=	2.8	mg/dL
platelets	=	88,000	cells/μL
INR	=	1.5
aspartate	aminotransferase	(AST)	=	115	U/L
lactate	dehydrogenase	(LDH)	=254	U/L
alkaline	phosphatase	(ALK)	=	156	U/L
alanine	aminotransferase	(ALT)	=	45	U/L
gamma-glutamyl	transpeptidase	(GGT)	=	88	U/L

DZ	 develops	 tonic-clonic	 seizures	while	 hospitalized	 and	was	 given	 a	 loading
dose	of	1,200	mg	intravenously	of	phenobarbital.

QUESTION

What	 maintenance	 dose	 of	 oral	 phenobarbital	 for	 DZ	 would	 achieve	 a
concentration	of	15	mg/L?

Answer:
Elevated	serum	concentrations	of	phenobarbital	have	been	described	in	patients
with	 severe	 liver	 disease.33	 Limited	 information	 is	 available;	 however,	 a	 50
percent	 increase	 in	 the	 half-life	 of	 phenobarbital	 has	 been	 reported	 in	 patients
with	 liver	 cirrhosis	 or	 acute	 viral	 hepatitis.31	 The	 difficulty	 in	 assessing	 these
patients	is	that	unlike	renal	dysfunction,	no	endogenous	markers	can	be	used	to
guide	dosage	adjustment.	The	Child-Pugh	clinical	classification	can	be	used	 to
determine	the	severity	of	the	liver	disease.	The	Child-Pugh	accounts	for	various
laboratory	 parameters	 as	 well	 as	 clinical	 symptoms	 and	 is	 scored	 as	 follows,
where	a	score	of	5	is	considered	normal	liver.66,67



aGrading:	0,	fully	conscious	and	aware;	Grade	I,	drowsy/sleepy	state	(alert	with	stimulation);	Grade	II,
stupor	(semiconscious,	drowsy,	only	responds	to	pain);	Grade	III,	unconsciousness	(no	response	to	painful
stimuli);	Grade	IV,	coma	(no	response,	but	vital	signs	normal);	Grade	V,	deep	coma	(unstable	vital	signs)

A	Child-Pugh	score	of	greater	than	8	may	represent	a	need	to	initiate	therapy
at	25–50	percent	of	the	normal	recommended	dose	and	then	monitor	the	patient
closely	 for	 both	 response	 and	 toxicity	 with	 serum	 concentrations	 and	 clinical
assessment.4	 This	 recommendation	 is	 the	 same	 for	 primidone.	 Alterations	 in
protein	binding	or	displacement	from	protein-binding	sites	may	also	be	expected
with	severe	liver	disease,	but	because	phenobarbital	is	not	highly	protein-bound
(only	 50%	protein-bound	 in	 adults	 and	 children	 and	 35%	 in	 neonates),	 dosing
alterations	is	not	necessary.

The	 first	 step	 is	 to	 estimate	 the	maintenance	dose	 for	DZ	assuming	normal
clearance	 since	 an	 estimate	 of	 clearance	 in	 liver	 impairment	 is	 unknown	 (0.1
L/kg/day).	For	the	patient	who	is	152	pounds	or	69	kg,	clearance	=	6.9	L/day.



Next	determine	the	extent	of	liver	failure	for	DZ	using	the	Child-Pugh	score.
Total	bilirubin	=	2	points
Serum	albumin	=	3	points
INR	=	1	point
Ascites	=	3	points
Hepatic	encephalopathy	=	Grade	I	=	2	points
Total	Score	=	11	points

Because	this	patient	has	significant	liver	impairment,	 it	would	be	expected	that
the	clearance	would	be	reduced,	 the	calculated	maintenance	dose	above	should
be	decreased	by	25–50	percent.

Adjusted	dose	for	liver	impairment

To	decide	on	 the	dose,	you	must	 consider	 the	dosage	 formulation	 that	you	are
going	to	use.	Phenobarbital	is	available	as	an	oral	elixir,	solution,	or	oral	tablets
(see	Table	14-1).	For	ease	of	administration	using	oral	tablets,	a	starting	dose	of
60	mg/day	would	be	appropriate.

CASE	11:	SPECIAL	CONSIDERATIONS
Dosing	in	Neonates
SM	is	a	two-day-old	neonate	born	at	32	weeks’	gestation	(3.75	pounds,	or	1,702
grams)	with	germinal	matrix	 intraventricular	hemorrhage.	SM	developed	 tonic



seizure	 activity	 and	 it	 was	 decided	 to	 initiate	 intravenous	 phenobarbital	 after
ruling	out	all	other	causes	of	the	seizure	activity.

QUESTION

Calculate	a	loading	and	maintenance	dose	for	SM.

Answer:
Neonatal	 seizures	by	definition	occur	within	 the	 first	4	weeks	of	 life	 in	a	 full-
term	infant	and	up	to	44	weeks	from	conception	for	premature	infants.	Seizures
are	most	frequent	during	the	first	10	days	of	life.	Because	of	multiple	etiologies
for	neonatal	seizures,	it	is	essential	to	rule	out	common	metabolic	and	infectious
causes	prior	 to	 initiating	anticonvulsant	agents.	Seizures	due	 to	 intraventricular
hemorrhage	 occur	 in	 preterm	 infants	 generally	 2–7	 days	 after	 delivery.
Phenobarbital	injection	is	commonly	used	in	the	treatment	of	neonatal	seizures.

Phenobarbital	volume	of	distribution	varies,	depending	on	age,	with	volumes
relative	to	body	weight	largest	at	birth	through	infancy.	The	estimated	volume	of
distribution	 for	 neonates	 is	 0.96	 ±	 0.02	 L/kg,	which	may	 be	 increased	 further
with	ECMO.68	Protein	binding	in	neonates	is	estimated	at	36.8	±	17.2	percent.68
The	clearance	and	half-life	of	phenobarbital	is	age	dependent.	Estimated	values
for	neonates	and	infants	include:	Cl	=	0.0047	±	0.0002	L/hr/kg	with	about	0.2	to
0.6	fraction	of	 the	parent	drug	excreted	in	urine	and	half-life	=	111	±	34	hours
with	a	correlated	time	to	steady	state	of	16	to	30	days.69,70	Due	to	the	extended
half-life,	 neonates	 may	 require	 lower	 maintenance	 doses.	 The	 recommended
therapeutic	concentration	for	neonatal	seizures	is	20–30	mg/L.

Dosing	 in	 these	 patients	 is	 commonly	 accomplished	 with	 standard	 weight-
based	 dosing	 recommendations	 based	 upon	 previously	 published	 data.	 The
standard	 dose	 is	 20	 mg/kg/IV	 slowly	 over	 20	 minutes	 (not	 faster	 than	 1
mg/kg/min).	 If	 seizures	 persist	 after	 completion	 of	 this	 loading	 dose,	 repeat
doses	of	phenobarbital	10	mg/kg	may	be	used	every	20–30	minutes	until	a	total
dose	of	40	mg/kg	has	been	given.	The	maintenance	dose	is	3–5	mg/kg/day	in	1–
2	 divided	 doses,	 started	 12	 hours	 after	 the	 loading	 dose.69-71	 The	 expected
response	is	40	percent	to	the	initial	20	mg/kg	loading	dose	of	phenobarbital	and
70	 percent	 to	 a	 total	 of	 40	mg/kg	 of	 phenobarbital.72	 An	 intravenous	 loading
dose	 has	 been	 shown	 to	 achieve	 therapeutic	 levels	 within	 2	 hours.73	 It	 is
recommended	to	follow	serum	concentrations	closely	in	neonates.



To	calculate	the	dosage,	use	the	following	equations:

Because	this	dose	is	given	intravenously,	F	=	1.0	and	the	salt	fraction	S	=	0.9	for
phenobarbital	sodium.	The	volume	of	distribution	can	estimated	at	0.9	L/kg	and
the	desired	concentration	to	achieve	is	20	mg/L.

Clearance	is	a	major	determinant	of	phenobarbital	maintenance	dosing	and	can
be	 estimated	 for	 preterm	 neonates	 as	 0.0047	 L/hr/kg,	 so	 for	 SM	 it	 would	 be
0.00705	L/hr,	or	0.1692	L/day.	The	desired	concentration	to	achieve	is	20	mg/L.
Because	 this	 dose	 is	 given	 intravenously,	 F	 =	 1.0	 and	 the	 S	 =	 0.9	 for
phenobarbital	sodium.

Dosing	in	Elderly	Patients
AG	is	an	82-year-old	male	receiving	phenobarbital	150	mg	PO	qd	for	complex
partial	seizures	that	has	been	refractory	to	many	other	regimens.	He	has	been	on
his	 current	 phenobarbital	 regimen	 for	 the	 past	 3	 months	 without	 any	 seizure
activity.	The	first	serum	concentration	that	was	obtained	on	this	dosing	regimen
2	 months	 ago	 was	 25	 mg/L.	 He	 presented	 to	 the	 clinic	 today	 complaining	 of
increasing	 sleepiness,	 which	 is	 significantly	 impairing	 his	 daily	 activities.	 A
serum	 concentration	 of	 45	 mg/L	 was	 obtained.	 Because	 the	 patient	 is
experiencing	a	concentration	related	adverse	effect,	it	was	decided	to	adjust	his



regimen	to	achieve	a	target	concentration	of	25	mg/L.
Height	=	5′9″
Weight	=	65	kg

QUESTION

Calculate	 a	 new	 maintenance	 regimen	 designed	 to	 achieve	 a	 phenobarbital
concentration	of	25	mg/L.

Answer:
The	 use	 of	 phenobarbital	 in	 elderly	 patients	 is	 limited	 due	 to	 the	 significant
adverse	effects	this	agent	has	on	cognition,	and	decreased	bone	density	increases
the	 risk	 of	 fractures.	 Only	 limited	 data	 are	 available	 describing	 potential
alterations	 in	 absorption,	 volume	 of	 distribution,	 plasma	 protein	 binding,	 and
half-life	 of	 phenobarbital	 in	 elderly	 patients.74	 Therefore,	 estimates	 for	 adult
patients	should	be	used	and	include	Vd	=	0.61	L/kg,	51	percent	protein	binding,
and	half-life	of	96	hours.	The	true	impact	of	aging	on	phenobarbital	metabolism
is	poorly	described,	however,	and	clearance	appears	to	be	significantly	reduced
in	older	versus	younger	patients	with	epilepsy	(2.5	vs.	4.9	mL/kg/hr).	This	same
study	 showed	 that	 total	 daily	 doses	 required	 to	 achieve	 a	 therapeutic
concentration	 of	 15	 mg/L	 were	 also	 lower	 (0.9	 vs.	 1.75	 mg/kg).30	 Because
approximately	30	percent	of	phenobarbital	is	excreted	unchanged	in	the	urine,	it
may	 be	 expected	 that	 elderly	 patients	 will	 require	 lower	 doses	 to	 achieve
therapeutic	concentrations.	Literature-based	dosing	recommendations	for	elderly
patients	 (>65	 years	 of	 age)	 include	 a	 loading	 dose	 of	 10–20	 mg/kg	 and
maintenance	dose	of	1.1–2	mg/kg/day.	Unlike	phenobarbital,	 total	clearance	of
primidone	 is	 similar	 for	 elderly	 and	 younger	 adult	 patients.	 However,	 the
reduced	 ability	 of	 elderly	 patients	 to	 excrete	 unchanged	 primidone	 has	 led	 to
increased	PEMA	formation.27	Additionally,	because	primidone	is	metabolized	to
phenobarbital,	it	may	be	necessary	to	reduce	the	primidone	dose	to	account	for
the	reduced	clearance	of	phenobarbital	in	elderly	patients.

The	first	step	to	solving	this	problem	is	to	calculate	phenobarbital	steady-state
clearance.	 It	would	be	expected	 to	 achieve	 steady	 state	 in	17–24	days	 in	adult
patients	so	the	steady-state	equation	can	be	utilized.



The	 next	 step	 is	 to	 calculate	 the	 new	 phenobarbital	 dose	 using	 the	 calculated
clearance,	assuming	complete	oral	absorption	(F	=	1.0).

The	 dose	 could	 be	 divided	 into	 twice-daily	 dosing	 to	 minimize	 any	 adverse
effects;	however,	phenobarbital	is	typically	given	once	daily	due	to	its	long	half-
life.	 If	 given	 once	 daily	 it	 is	 recommended	 to	 advise	 the	 patient	 to	 take	 it	 at
bedtime	 to	 minimize	 daytime	 sedation.	 A	 steady-state	 trough	 concentration
should	be	measured	3–4	weeks	after	the	new	dosing	regimen	is	initiated.

CASE	12:	MANAGEMENT	OF	OVERDOSE
KL	is	a	3-year-old	(25	kg)	male	who	ingested	a	bottle	of	his	father’s	prescription
of	phenobarbital	100	mg	 tablets.	The	prescription	was	 filled	15	days	ago	so	 it
was	 estimated	 he	 ingested	 30	 pills	 equaling	 3,000	 mg.	 KL	 was	 taken	 by
ambulance	 to	 the	 emergency	 department	 where	 his	 consciousness	 declined,
became	 hypotensive,	 and	 was	 intubated.	 Upon	 examination,	 SL’s	 deep	 tendon
reflexes	are	intact,	and	he	is	able	to	respond	to	painful	stimuli.	A	phenobarbital
level	was	obtained,	which	was	98	mg/L.	All	other	laboratory	values	are	normal
and	his	ABG	does	not	indicated	acidosis.

QUESTION
What	treatment	should	be	initiated	for	KL?

Answer:
Due	 to	 the	 prolonged	 half-life	 of	 phenobarbital,	 treatment	 of	 overdose	 can	 be
challenging.	Overdose	in	adults	has	become	less	common	and	is	most	often	due
to	intentional	ingestion.	Mild	intoxication	can	be	a	result	of	decreased	clearance



or	 alterations	 in	 protein	 binding,	 allowing	 increases	 in	 free	 drug.	 In	 children,
overdose	is	most	commonly	accidental	whereby	the	child	ingests	phenobarbital,
or	 in	 the	 cases	 of	medication	 errors	where	 the	 child	 is	 unintentionally	 given	 a
higher	dose	than	prescribed.	Due	to	the	prolonged	half-life,	withdrawal	reactions
are	uncommon	following	overdose.

Mild	 intoxications	 are	 typically	 non-life-threatening	 and	 usually	 are
accompanied	 by	 somnolence,	 mild	 disorientation,	 impaired	 judgment,	 and
nystagmus.	However,	these	patients	most	commonly	will	remain	arousable	with
normal	 vital	 signs	 and	 reflexes.	 Mild	 intoxication	 is	 treated	 with	 supportive
therapy.	 Moderate	 intoxication	 results	 in	 depressed	 mental	 status,	 slowed
respirations,	and	depressed	reflexes,	although	corneal	reflexes	are	not	abnormal.
Moderate	 intoxication	 is	 treated	with	closer	observation	and	 is	 associated	with
doses	 of	 five	 to	 ten	 times	 the	 normal	 dose	 of	 the	 medication.75	 Severe
intoxication	 can	 be	 life	 threatening	 and	 requires	 intensive	 care	 management.
Patients	 may	 become	 unresponsive,	 exhibit	 slow	 shallow	 respirations,	 with
absent	 reflexes,	 absent	 gag	 reflex,	 hypothermia,	 hypotension,	 and	 the	potential
for	severe	brain	damage	from	anoxia.
Grading	scale	of	phenobarbital	overdose76:



Activated	charcoal	can	be	used	to	enhance	elimination.	It	is	more	effective	in
binding	medications	 that	 are	weak	 acids	 or	 bases,	 of	which	 phenobarbital	 is	 a
weak	acid.	Because	the	half-life	of	phenobarbital	is	prolonged,	multiple	doses	of
activated	 charcoal	 to	 enhance	 elimination	 are	 recommended.	 In	 a	 prospective
evaluation,	 it	was	 found	 that	multiple	 doses	 of	 activated	 charcoal	 reduced	 the
half-life	 of	 phenobarbital	 from	 93	 hours	 to	 36	 hours.77	 Activated	 charcoal	 is
safer	 when	 used	 in	 patients	 with	 protected	 airways	 to	 reduce	 the	 chance	 of
aspiration.	 In	addition,	a	cathartic	 should	be	administered	when	using	multiple
doses	of	activated	charcoal	to	reduce	the	risk	of	abdominal	distention	and	bowel
ischemia.	The	 recommended	regimen	of	activated	charcoal	 is	 to	give	an	 initial
dose	 of	 50	 grams	 with	 250	 mL	 magnesium	 citrate	 followed	 by	 17	 grams
activated	charcoal	in	70	mL	of	70	percent	sorbitol	every	4	hours.

Because	 resorption	of	phenobarbital	occurs	 in	 the	distal	 tubule,	 the	half-life
can	also	be	reduced	by	hydration	and	diuresis.	Phenobarbital	is	a	weak	acid,	so
alkalinization	of	the	urine	is	a	noninvasive	strategy	that	may	increase	clearance
by	increasing	ionization	of	the	drug,	slowing	resorption	in	the	distal	tubule	and
enhancing	elimination.	The	pH	of	the	urine	should	be	kept	between	7.5	and	8.0.

Hemoperfusion	against	polymer-coated	charcoal	or	against	a	resin	is	a	useful
strategy	 for	 eliminating	 phenobarbital	 but	 it	 will	 not	 correct	 acid-base	 or
electrolyte	 disturbances.	 Barbiturates	 are	 cleared	 2–4	 times	 faster	 with



hemoperfusion	 than	with	 hemodialysis.	Hemoperfusion	 is	 also	 associated	with
platelet	 consumption,	 hypothermia,	 hypotension,	 and	 decreases	 in	 serum
calcium.	 This	 strategy	 should	 be	 reserved	 for	 the	 most	 severe	 cases	 of
overdose.75	Hemodialysis	has	been	utilized	in	the	treatment	of	many	overdoses.
Hemodialysis	can	be	useful	for	enhancing	the	clearance	of	some	medications	as
well	 as	 treatment	 of	 acid-base	 or	 electrolyte	 disturbances.	 Hemodialysis	 is
usually	 ineffective	 for	 eliminating	drugs	 that	 are	 highly	protein-bound.	Due	 to
the	 adverse	 effects	 associated	 with	 hemoperfusion,	 hemodialysis	 is	 more
commonly	used	and	can	enhance	elimination	of	phenobarbital.78

KL	 is	 exhibiting	 symptoms	 of	 a	 Grade	 2	 coma	 and	 should	 therefore	 be
managed	with	supportive	therapy	and	enhanced	elimination.	Gastric	lavage	can
be	utilized	because	 it	has	been	 less	 than	4	hours	since	 ingestion.	He	should	be
given	 supportive	 therapy	 in	 the	 intensive	 care	 unit	 and	 observed	 closely	 for
progression	 of	 coma.	 Repeated	 doses	 of	 activated	 charcoal	 should	 be
administered	until	coma	resolves	and	he	can	be	extubated.	Alkalinization	of	the
urine	 may	 also	 be	 a	 useful	 strategy	 to	 enhance	 elimination.	 At	 this	 time,
hemodialysis	and	hemoperfusion	are	not	indicated.

PROBLEMS

1.	JG	is	a	3-year-old	(35	lbs)	who	presented	to	the	emergency	department	with
complex	febrile	seizures.	After	reducing	his	temperature	with	acetaminophen,
JG	experienced	another	seizure.	It	was	decided	to	begin	JG	on	phenobarbital
and	you	have	been	asked	to	calculate	an	appropriate	maintenance	dose.
Calculate	a	maintenance	dose	using	population-based	pharmacokinetic
parameters	to	a	goal	serum	concentration	of	20	mg/L	and	calculate	a	weight-
based	dose.

Answer:
To	calculate	the	maintenance	dose	using	population-specific	parameters,	use	the
following	equation	with	a	clearance	of	0.008	L/kg/hr	in	children:



Maintenance	dosing	 in	 children	 (1–15	years	 old)	 is	 usually	 3–5	mg/kg/day,	 so
for	JG	this	dose	would	range	from	48–80	mg/day.	A	dose	of	60	mg/day	would	be
appropriate	 for	JG.	When	 initiating	 therapy	 it	 is	 recommended	 to	start	with	25
percent	of	the	final	recommended	dose	each	evening	for	the	first	5–7	days.	The
dose	can	then	be	increased	to	50	percent	of	the	final	recommended	dose	for	the
next	5–7	days	and	then	75	percent	of	the	final	recommended	dose	for	the	next	5–
7	days.	The	titration	to	the	final	dose	should	be	complete	by	the	fourth	week	of
therapy.	Steady-state	 serum	concentrations	 should	 be	 checked	3–4	weeks	 after
achieving	the	total	maintenance	dose.

2.	AV	is	a	48-year-old	(80	kg)	patient	who	presents	to	the	emergency	department
with	status	epilepticus	due	to	noncompliance	with	his	anticonvulsants.	The
patient	received	1,300	mg	of	intravenous	phenobarbital	at	an	infusion	rate	of
25	mg/min.	You	have	been	asked	to	calculate	the	expected	phenobarbital
concentration	AV	would	achieve	after	his	loading	dose.	When	would	you
recommend	checking	a	serum	concentration?

Answer:
To	 calculate	 the	 predicted	 concentration	 achieved	 from	 a	 loading	 dose,	 the
following	equation	can	be	used.

The	serum	concentration	should	be	drawn	at	least	one	hour	after	the	end	of	the
infusion	to	avoid	the	distribution	phase.

3.	BB	is	an	8-year-old	patient	with	a	history	of	asthma,	allergic	rhinitis,	and
complex	partial	seizures.	The	patient	has	no	known	drug	allergies	and	weighs



30	kg.	The	patient’s	parents	report	satisfactory	control	of	his	seizures	on
phenobarbital	15	mg	per	day	for	1	year.	Unfortunately,	BB	has	had	poor
control	of	his	asthma	over	the	past	couple	of	years.	Despite	therapy	with
fluticasone	MDI,	salmeterol,	and	montelukast,	he	has	had	three	emergency
department	(ED)	visits	in	the	past	calendar	year.	Yesterday	BB	was	discharged
from	the	ED	with	a	prescription	for	prednisone	20	mg	PO	daily	for	14	days.
Describe	any	expected	drug	interactions	in	this	case.
Phenobarbital	is	a	potent	inducer	of	CYP2C9	and	CYP3A4	enzymes,	which

could	 contribute	 to	 worsened	 control	 of	 this	 patient’s	 asthma.	 Because
corticosteroids	 are	 metabolized	 by	 CYP3A4,	 lower	 systemic	 concentrations
would	be	anticipated	with	concomitant	use	of	phenobarbital.	This	consideration
is	 particularly	 important	 with	 oral	 administration	 of	 prednisone.	 Several	 cases
have	indicated	that	phenobarbital	can	enhance	metabolic	clearance	of	steroids	by
~80	 percent,	 and	 worsening	 symptoms	 in	 asthmatics	 has	 been	 reported.	 This
interaction	 has	 also	 been	 described	 in	 other	 patients	 receiving	 concurrent
corticosteroids	 and	 phenobarbital	 or	 primidone,	 including	 renal	 transplant
patients.79-83	 The	 clinical	 significance	 of	 this	 interaction	 on	 inhaled
corticosteroids	 is	unclear.	Enzyme	 inhibitors	 such	as	 ritonavir	and	 itraconazole
have	been	shown	to	substantially	increase	systemic	concentrations	and	potentiate
toxicity.	 It	 follows	 that	 an	enzyme	 inducer	would	 reduce	 serum	 levels,	but	 the
consequence	of	a	reduction	in	efficacy	has	not	been	reported.

Inhaled	 corticosteroids	 provide	 the	most	 effective	 therapy	 for	 patients	 with
persistent	 asthma.	 In	 addition	 to	 encouraging	 compliance,	 proper	 inhaler
technique,	 and	avoidance	of	 triggers,	BB	should	use	high	dose	 (>352	mcg	per
day)	 fluticasone	 based	 on	NHLBI	 guidelines.	 The	 patient	 has	 been	 prescribed
prednisone	10	mg	daily,	which	is	at	low	end	of	the	recommended	dosing	range
(1–2	 mg/kg/day)	 for	 this	 patient.	 Because	 BB	 is	 already	 taking	 an	 enzyme
inducer,	a	higher	dose	of	40	mg	daily	would	be	seem	more	appropriate.
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OVERVIEW	OF	PHENYTOIN

Phenytoin	 (5,5-diphenylimidazolidine-2,4-dione,	 referred	 to	 as
diphenylhydantoin)	is	an	anticonvulsant	medication	that	was	first	discovered	in
1908	 by	 Heinrich	 Biltz	 at	 the	 University	 of	 Kiel	 in	 Germany.	 In	 the	 1920s,
Arthur	Dox,	a	chemist	in	Parke-Davis,	compounded	diphenylhydantoin	in	search
of	 a	 hypnotic	 agent.	 Because	 the	 drug	 was	 not	 a	 hypnotic,	 he	 shelved	 it	 as
“inactive.”	 It	was	 not	 until	November	 1936	 that	 Tracy	 Putnam	 discovered	 the
anticonvulsant	 activity	 of	 diphenylhydantoin,	 and	 in	 June	 1938,	 Parke,	 Davis,
and	Company	marketed	sodium	diphenylhydantoin	(Dilantin®).	In	the	1970s,	the
generic	 name	 of	 Dilantin®	 was	 shortened	 to	 phenytoin.1	 Today,	 it	 is	 FDA-
approved	for	 the	management	of	generalized	 tonic	clonic	(grand	mal)	seizures,
complex	 partial	 seizures,	 and	 for	 the	 prevention	 of	 seizures	 after	 head	 trauma
and	neurosurgery.2	Phenytoin	also	has	multiple	unlabeled	 indications	 including
the	management	of	trigeminal	neuralgia,	syndrome	of	inappropriate	antidiuretic
hormone	 (SIADH),	 torsade	 de	 pointes,	 and	 arrhythmias	 (as	 a	 Class	 IB
antiarrhythmic).	Topical	phenytoin	has	also	been	used	to	heal	multiple	acute	and
chronic	 wounds.3	 As	 an	 anticonvulsant,	 phenytoin	 works	 by	 increasing	 the
efflux	and	decreasing	the	influx	of	sodium	ions	in	cell	membranes	of	the	motor
cortex	during	the	generation	of	nerve	impulses.2



DOSING

Phenytoin	 is	 available	 in	 multiple	 dosage	 forms	 including	 an	 injectable
formulation,	 extended-release	 capsule,	 oral	 suspension,	 and	 chewable	 tablet
(Table	 15-1).2	 Intramuscular	 (IM)	 administration	 of	 phenytoin	 is	 not
recommended	 due	 to	 its	 erratic	 absorption	 and	 pain	 on	 injection.	 If	 IM
administration	 is	 required,	 fosphenytoin	 is	 preferred.	 Intravenously	 (IV),
phenytoin	may	be	administered	by	IV	push	or	IV	piggyback	using	a	0.22	micron
filter.	 The	 filter	 is	 used	 to	 remove	 crystals	 and	 minimize	 the	 incidence	 of
phlebitis.	The	maximum	rate	of	administration	is	50	mg/min	in	adults	and	0.5–1
mg/kg/min	 in	 neonates	 due	 to	 the	 risk	 of	 hypotension,	 as	 noted	 in	 a	 boxed
warning	 in	 the	 drug	 package	 insert.	 In	 elderly	 or	 patients	 with	 preexisting
cardiovascular	 conditions,	 phenytoin	 may	 be	 administered	 more	 slowly	 at	 20
mg/minute.4	 It	 must	 be	 noted	 that	 the	 oral	 suspension	 and	 chewable	 tablets
contain	 8	 percent	 more	 phenytoin	 than	 the	 other	 formulations	 (92	 mg	 of
phenytoin	base	is	equivalent	to	100	mg	of	phenytoin	sodium).	Therefore,	when
patients	 are	 being	 switched	 from	 one	 dosage	 formulation	 to	 another,	 dosage
adjustments	 and	 closer	 serum	 monitoring	 are	 recommended.2,4	 The
recommended	dose	 for	adult	patients	 in	 status	epilepticus	 is	15–20	mg/kg.	For
maintenance	 doses,	 adults	 may	 be	 loaded	 at	 15–20	 mg/kg.	 Due	 to	 the	 rate-
limited	 gastrointestinal	 (GI)	 absorption	 of	 phenytoin,	 no	 more	 than	 400	 mg
should	be	administered	at	a	time.	Hence,	in	order	to	ensure	complete	absorption
and	a	decrease	in	GI	side	effects,	a	1,000	mg	loading	dose	may	be	administered
in	three	divided	doses	at	400	mg,	300	mg,	and	300	mg	every	two	hours.	A	target
level	is	achieved	within	6–10	hours.	The	maintenance	dose	is	300	mg/day	or	5–6
mg/kg/day	in	three	divided	doses	or	once	to	twice	daily	if	the	extended-release
formulation	 is	 being	 used.	 For	 obese	 patients,	 it	 is	 recommended	 to	 receive
loading	doses	based	on	adjusted	body	weight	with	a	correction	factor	of	1.33	for
a	maximum	loading	dose	of	2,000	mg.	For	maintenance	dosing,	the	ideal	body
weight	may	be	used	 and	be	 adjusted	 according	 to	 therapeutic	drug	monitoring
and	 clinical	 effectiveness.	A	 serum	 phenytoin	 concentration	 of	 10–20	mg/L	 is
considered	within	therapeutic	range.	Concentrations	between	5	and	10	mg/L	may
be	 therapeutic	 for	some	patients;	however,	concentrations	 less	 than	5	mg/L	are
not	recommended.	The	target	free	phenytoin	concentration	is	1–2	mg/L.

TABLE
15-1 Dosage	Formulations	and	Strengths	of	Phenytoin2



ADVERSE	EVENTS

Phenytoin	 adverse	 effects	 can	 be	 common	 and	 chronic,	 and	 include
hepatotoxicity,	 osteoporosis,	 megaloblastic	 anemia,	 gingival	 hyperplasia,
hirsutism,	 and	 peripheral	 neuropathy.	 Phenytoin	 may	 cause	 gastrointestinal
adverse	effects	such	as	nausea	and	vomiting;	single	doses	above	100	mg	increase
the	 propensity	 of	 gastrointestinal	 intolerance.	 Phenytoin	 can	 cause	 central
nervous	system	(CNS)	adverse	effects	such	as	dizziness,	confusion,	drowsiness,
and	ataxia	–	although	these	usually	occur	at	a	greater	frequency	with	high	peak
concentrations	 or	 toxic	 levels.	 Phenytoin-induced	CNS	adverse	 effects	may	be
circumvented	 by	 administering	 a	 larger	 dose	 or	 the	 entire	 dose	 at	 bedtime.
Phenytoin	may	cause	cognitive	dysfunction.

Phenytoin	may	cause	a	rash	that	presents	as	the	antiepileptic	hypersensitivity
syndrome	 (AES).	The	onset	of	AES	 is	generally	within	 the	 first	 five	weeks	of
initiating	phenytoin	 therapy	and	presents	with	 a	 symptom	 triad	 including	 rash,



pruritus,	and	fever.	AES	presents	with	other	nonspecific	manifestations	that	can
wax	and	wane	including	hepatotoxicity,	blood	dyscrasias,	encephalitis,	myositis,
malaise,	pulmonary	 infiltrates,	and	an	acute	 respiratory	distress	syndrome.	The
rash	 may	 progress	 to	 life-threatening	 Steven–Johnsons	 syndrome	 or	 toxic
epidermal	 necrolysis.	 Since	 it	 is	 difficult	 to	 discern	 if	 an	 isolated	 phenytoin-
induced	rash	will	be	benign	or	progress	to	the	AES,	patients	who	develop	rash
should	 have	 phenytoin	 therapy	 discontinued.	 Patients	who	 develop	 phenytoin-
induced	AES	should	avoid	using	other	aromatic	anticonvulsants	that	may	cross-
react,	 such	 as	 carbamazepine,	 oxcarbazepine,	 phenobarbital,	 lamotrigine,
lacosamide,	and	zonisamide.

Acute	phenytoin	toxicity	(levels	above	20	mg/L)	often	exhibits	concentration-
dependent	toxicities	such	as	nystagmus	and	diplopia	at	levels	between	20	and	30
mg/L;	as	the	levels	rise	to	30–40	mg/L	the	nystagmus	and	diplopia	dissipate	and
ataxia,	 nausea,	 and	 vomiting	 manifest.	 Intention	 tremor	 may	 persist	 at	 all
phenytoin	 toxic	 levels.	 Some	 patients	with	 phenytoin	 toxicity	 do	 present	with
cumulative	 symptomatology.	 Patients	 who	 present	 with	 chronic	 phenytoin
toxicity	 may	 develop	 irreversible	 CNS	 effects	 such	 as	 dysarthria,	 ataxia,	 and
encephalopathy.	A	list	of	adverse	effects	associated	with	phenytoin	is	depicted	in
Table	15-2.4,5	Hypotension	is	listed	as	a	boxed	warning	in	the	package	insert	of
phenytoin.	It	has	been	observed	primarily	in	older	adults	and	is	associated	with
increased	 infusion	 rates.	 Monitoring	 of	 blood	 pressure	 and	 heart	 rate	 is
recommended	during	IV	administration	and	may	be	used	to	determine	the	safest
rate	 for	 the	 patient.	 Due	 to	 the	 cardiotoxicity	 associated	with	 phenytoin	 (e.g.,
bradycardia,	hypotension,	QRS	prolongation,	ventricular	fibrillation),	all	patients
receiving	 IV	phenytoin	must	have	continuous	cardiac	monitoring.	Phenytoin	 is
pregnancy	 category	D	because	 it	 crosses	 the	 placenta	 and	 has	 been	 associated
with	 congenital	 malformations	 termed	 fetal	 hydantoin	 syndrome	 or	 fetal
anticonvulsant	syndrome.	Isolated	cases	of	malignancies	and	coagulation	defects
in	the	neonate	have	been	reported.	Phenytoin	enters	the	breast	milk	and	it	is	not
recommended	to	be	used	by	lactating	women.

TABLE
15-2 Adverse	Effects	Associated	with	Phenytoin4,5



BIOAVAILABILITY

The	bioavailability	of	phenytoin	varies	significantly	among	the	different	dosage
forms.6	Phenytoin	is	poorly	soluble	in	water,	but	it	readily	dissolves	in	an	alkali
environment.	Due	 to	 the	 acidity	 of	 the	 stomach,	 phenytoin	 sodium	 changes	 to
free	phenytoin	acid	that	precipitates	after	it	dissolves.	Hence,	the	rate	and	extent
of	absorption	are	highly	dependent	on	the	size	of	the	phenytoin	particles	entering
the	 intestine.	 For	 this	 reason,	 the	 different	 dosage	 forms	 of	 phenytoin	 have
widely	different	bioavailabilities.	No	systematic	difference	in	bioavailability	has
been	 noted	 between	 phenytoin	 sodium	 and	 phenytoin	 acid.	 In	 fact,	 clinicians
should	 be	 careful	when	 switching	 patients	whose	 seizures	 are	 controlled	 from
one	phenytoin	preparation	to	another	because	even	small	increases	or	decreases
in	bioavailability	can	significantly	change	the	steady-state	plasma	concentration
during	 chronic	 therapy.6-9	 The	 evidence	 indicates	 that	 even	 changes	 in	 the



excipient	may	 result	 in	 phenytoin	 intoxication.7	 The	 rate	 of	 absorption	 after	 a
single	 oral	 dose	 of	 a	 capsule	 or	 tablet	 can	 be	 anywhere	 from	 3	 to	 12	 hours.
However,	 in	 some	 patients,	 it	 may	 exceed	 12	 hours.	 The	 Food	 and	 Drug
Administration	 recommends	 only	 the	 Dilantin	 Kapseals®	 to	 be	 administered
once	 daily	 because	many	 generic	 preparations	 are	more	 rapidly	 absorbed	 and
may	 produce	 fluctuations	 in	 the	 plasma	 phenytoin	 concentration.4	 Numerous
case	studies	report	a	decrease	in	phenytoin	absorption	when	it	is	coadministered
with	enteral	feedings.10	The	exact	mechanism	is	unknown;	however,	researchers
speculate	 that	 phenytoin	 particles	 bind	 to	 certain	 components	 in	 the	 feeding
formulas,	such	as	calcium	and	dietary	fiber.	Others	believe	that	phenytoin	binds
to	 the	 tube	 lumen,	 or	 the	 mechanism	 is	 pH	 dependent.	Methods	 described	 to
avoid	this	 interaction	include	spacing	the	administration	of	 the	enteral	feedings
from	 that	 of	 phenytoin’s	 without	 compromising	 the	 patient’s	 dietary
requirements.	However,	no	consensus	establishes	 the	best	method	 for	avoiding
this	interaction.

VOLUME	OF	DISTRIBUTION

Phenytoin	 has	 an	 apparent	 volume	 of	 distribution	 of	 0.6–0.7	 L/kg	 adults	 and
children	 and	1.2	L/kg	 in	 infants	 and	neonates.	Phenytoin	distributes	 rapidly	 to
the	brain	where	plasma	and	brain	concentrations	achieve	equilibrium	within	20
minutes.10

PLASMA	PROTEIN	BINDING	OF	PHENYTOIN
Phenytoin	is	92	percent	bound	to	plasma	albumin,	and	the	free	form	(8%)	is	the
pharmacologically	active	drug	responsible	for	efficacy	and	toxicity.10	A	smaller
portion	 is	 bound	 to	 alpha-1-acid	 glycoprotein.11	 When	 phenytoin	 levels	 are
reported,	 they	 represent	 the	 unbound	 (free	 or	 active)	 and	 bound	 (inactive)
phenytoin	level,	often	referred	to	as	phenytoin	observed.	In	patients	with	normal
albumin	level	and	renal	function,	the	fraction	of	unbound	phenytoin	(fup)	is	0.1.
Hence,	 a	 total	 phenytoin	 concentration	 of	 10–20	mg/L	 represents	 a	 fup	 of	 1–2
mg/L.

Conditions	That	Can	Cause	Hypoalbuminemia	and	the	Effects	on	Free
Phenytoin	Concentration



Disease	 states	 or	 medications	 that	 can	 change	 the	 albumin	 concentration	 or
phenytoin’s	 binding	 affinity	 (Ka)	 to	 albumin	 can	 ultimately	 alter	 the
concentration	of	free,	fraction	unbound	of	phenytoin	(fup).	Disease	states	that	can
decrease	the	serum	albumin	concentration	and	eventually	lead	to	increased	free
phenytoin	 concentrations	 include	 burns,	 hepatic	 cirrhosis,	 nephrotic	 syndrome,
pregnancy,	 and	 cystic	 fibrosis.2,4,12	 In	 patients	 with	 hypoalbuminemia,	 the
observed	 total	phenytoin	concentration	can	appear	normal	or	 low,	even	 though
the	free	phenytoin	level	is	increased	because	of	less	albumin	to	bind	to.	As	the
free	form	increases,	the	total	phenytoin	level	remains	unchanged.12	For	example,
a	cachetic,	hypoalbuminemic	(albumin	level	<4.4	g/dL)	patient	has	an	observed
total	 phenytoin	 level	 of	 18	mg/L,	which	 appears	 to	 be	 at	 target.	However,	 the
fraction	of	unbound	phenytoin	has	increased	from	0.1	to	0.2,	resulting	in	a	toxic
free	phenytoin	level	of	3.6	mg/L	(normal	free	phenytoin	is	1–2	mg/L).

The	 Sheiner-Tozer	 equation	 is	 a	 correction	 formula	 that	 uses	 the	 plasma
albumin	 concentration	 to	 predict	 the	 free	 fraction	 of	 phenytoin	 using	 the	 total
phenytoin	observed4,13:

This	 equation	 can	 empirically	 adjust	 the	 observed	 total	 phenytoin
concentration	 in	 cases	 of	 decreased	 albumin.	 However,	 temperature	 plays	 a
critical	role	in	the	application	of	the	Sheiner-Tozer	equation.13	The	formula	was
based	 on	 a	 free	 phenytoin	 assay,	 which	 was	 performed	 using	 a	 Centrifree
micropartition	 filter	 for	 separation	 at	 a	 temperature	 of	 37°C,	 resembling
physiological	 body	 temperature.	 However,	 clinical	 laboratories	 routinely
perform	unbound	phenytoin	assays	at	room	temperature	of	25°C.	In	such	cases,
the	Sheiner-Tozer	equation	must	be	changed	to	accommodate	for	the	difference
in	 room	 temperature	by	multiplying	 the	albumin	concentration	by	 the	constant
0.2514:

Conditions	That	Can	Decrease	Phenytoin’s	Binding	Affinity	to	Albumin	and
the	Effects	on	Free	Phenytoin	Concentration



Certain	 disease	 states	 can	 decrease	 phenytoin’s	 binding	 affinity	 (Ka)	 to	 serum
albumin.	Such	disease	states	include,	severe	jaundice,	hyperbilirubinemia	(total
bilirubin	 >15	 mg/dL),	 and	 renal	 insufficiency	 or	 failure	 with	 a	 calculated
creatinine	 clearance	 (CrCl)	 <25	 mL/min	 (fup	 increases	 two-	 to	 threefold	 in
uremia).2,4,12,13,15,16	 The	 binding	 affinity	 of	 phenytoin	 decreases	 in	 these
situations	either	because	of	low	albumin	or	because	of	alterations	in	the	albumin
molecule	 leading	 to	 decreased	 binding,	 or	 due	 to	 the	 accumulation	 of	 a	major
metabolite	of	phenytoin	[5-(p-hydroxyphenyl)-5-phenylhydantoin,	or	p-HPPH],
which	displaces	phenytoin	from	albumin.17	In	addition,	drugs	like	valproic	acid,
which	 has	 a	 high	 affinity	 for	 the	 same	 binding	 site	 as	 phenytoin,	 can	 easily
displace	 phenytoin	 from	 albumin,	 resulting	 in	 increased	 amount	 of	 free
phenytoin.18,19	Whichever	the	mechanism	for	the	decreased	binding	may	be,	the
observed	phenytoin	 concentration	 in	 these	 situations	 is	 a	 poor	 predictor	 of	 the
patient’s	true	phenytoin	level.

Phenytoin’s	binding	affinity	to	albumin	(Ka)	is	less	likely	to	be	affected	if	the
calculated	 creatinine	 CrCl	 is	 >25	 mL/min.	 However,	 once	 the	 CrCl	 is	 10–25
mL/min,	Ka	 is	 likely	 to	be	decreased	 to	an	unknown	extent.	Patients	with	end-
stage	renal	disease	(ESRD),	or	CrCl	<10	mL/min,	have	both	decreased	albumin
level	 and	Ka.	 In	 such	 situations,	 the	 Sheiner-Tozer	 equation	must	 be	 changed
where	the	albumin	is	multiplied	by	the	constant	0.120,21:

CASE	STUDIES

CASE	1:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH
HYPOALBUMINEMIA	WHEN	THE	SERUM	PHENYTOIN
TEST	IS	PERFORMED	AT	37°C
SP	is	a	72-year-old	female	(62	kg,	5′6″)	with	an	observed	phenytoin	level	of	6.2
mg/L	at	37°C.	Her	 recent	albumin	 level	was	2	g/dL,	and	her	 serum	creatinine
level	was	0.6	mg/dL.	Calculate	for	the	corrected	phenytoin	level.



Step	1:	Calculate	her	creatinine	clearance.	Since	this	patient	is	above	the
age	of	65	y/o,	round	up	the	serum	creatinine	from	0.6	mg/dL	to	1	mg/dL
when	calculating	for	her	creatinine	clearance.

Step	2:	Calculate	for	the	corrected	phenytoin	level.	Because	her	creatinine
clearance	is	>25	mL/min	and	the	test	is	performed	at	37°C,	use	Equation	1.

CASE	2:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH
HYPOALBUMINEMIA
A	26-year-old	(52	kg,	5′5″)	white	female	is	receiving	phenytoin	100	mg	po	tid	for
partial	epilepsy.	She	has	a	steady-state	phenytoin	concentration	of	14	mg/L.	She
is	seizure	free	but	has	been	complaining	of	daytime	drowsiness	and	dizziness.	An
SMA-18	 panel	 includes	 the	 following	 laboratory	 values:	 creatinine	 0.5	mg/dL
and	 albumin	 2.8	 g/dL.	 What	 is	 the	 corrected	 steady-state	 phenytoin
concentration?



Step	1:	It	is	not	necessary	to	calculate	the	creatinine	clearance	in	this	case.
This	patient	is	26	years	old	with	a	normal	serum	creatinine	and,	intuitively,
will	have	a	projected	creatinine	clearance	above	25	mL/min.

Step	2.	Calculate	for	the	corrected	phenytoin	level.	Although	the
temperature	in	which	phenytoin	was	assayed	is	not	mentioned,	one	can
assume	that	phenytoin	serum	samples	are	maintained	and	assayed	at	room
temperature	at	25°C.	Because	her	creatinine	clearance	is	>25	mL/min	and
we	are	assuming	that	the	phenytoin	samples	were	maintained	and	assayed
at	room	temperature	at	25°C,	use	Equation	2.

This	 patient	 has	 a	 corrected	 serum	 phenytoin	 concentration	 of	 17.5	 mg/L.
Although	 this	 patient’s	 corrected	 serum	 phenytoin	 concentration	 is	 within	 the
target	 range	 of	 10–20	 mg/dL,	 she	 is	 experiencing	 phenytoin-induced	 CNS-
adverse	 effects.	The	patient	 should	 be	monitored	 for	 other	CNS	and	non-CNS
signs	 and	 symptoms	 of	 phenytoin	 toxicity.	 In	 order	 to	mitigate	 the	 phenytoin-
induced	CNS-adverse	effects,	the	medical	team	may	consider	administering	the
entire	phenytoin	dose	at	bedtime,	or	a	reduced	phenytoin	daily	dose.

CASE	3:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH
HYPOALBUMINEMIA	WHEN	THE	SERUM	PHENYTOIN
TEST	IS	PERFORMED	AT	25°C
TD	is	an	80-year-old	male	(59	kg,	5′2″)	with	an	observed	phenytoin	level	of	8.2
mg/L	 at	 25°C.	His	 recent	 albumin	 level	was	 3	 g/dL,	 and	 his	 serum	 creatinine
level	was	0.8	mg/dL.	Calculate	for	the	corrected	phenytoin	level.



Step	1:	Calculate	his	creatinine	clearance.

Step	2:	Calculate	for	the	corrected	phenytoin	level.	Because	his	creatinine
clearance	is	>25	mL/min	and	the	test	is	performed	at	25°C,	use	Equation	2.

CASE	4:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH
HYPOALBUMINEMIA
A	67-year-old	(50	kg,	5′2″)	black	female	is	receiving	phenytoin	100	mg	po	tid	for
partial	epilepsy.	She	has	a	steady-state	phenytoin	concentration	of	6	mg/L	and	is
seizure	 free.	 An	 SMA-18	 panel	 includes	 the	 following	 laboratory	 values:
creatinine	 1	 mg/dL	 and	 albumin	 1.7	 g/dL.	 What	 is	 the	 corrected	 steady-state
phenytoin	concentration?



Step	1:	Calculate	her	creatinine	clearance.

Step	2.	Calculate	for	the	corrected	phenytoin	level.	Although	the
temperature	in	which	phenytoin	was	assayed	is	not	mentioned,	one	can
assume	that	phenytoin	serum	samples	are	maintained	and	assayed	at	room
temperature	at	25°C.	Because	her	creatinine	clearance	is	>25	mL/min	and
we	are	assuming	that	the	phenytoin	samples	were	maintained	and	assayed
at	room	temperature	at	25°C,	use	Equation	2.

This	 patient	 has	 a	 corrected	 serum	 phenytoin	 concentration	 of	 11.4	 mg/L.
Because	she	 is	seizure	free	and	her	corrected	serum	phenytoin	concentration	 is
within	 the	 target	 range	 of	 10–20	 mg/L,	 no	 phenytoin	 dosage	 adjustments	 or
heightened	monitoring	for	toxicity	is	warranted.

CASE	5:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	END-STAGE
RENAL	DISEASE



SM	is	an	88-year-old	female	with	history	of	ESRD	and	receiving	dialysis	every
Monday,	Wednesday,	and	Friday.	She	has	been	receiving	phenytoin	suspension
125	 mg	 every	 12	 hours	 for	 8	 months	 for	 seizure	 prophylaxis.	 Her	 observed
phenytoin	 level	 was	 5	 mg/L	 and	 albumin	 was	 3.6	 g/dL.	 Calculate	 for	 the
corrected	phenytoin	level	assuming	the	phenytoin	assay	was	performed	at	37°	C.

Step	1:	No	need	to	calculate	for	her	creatinine	clearance.	For	ESRD
patients,	always	assume	that	the	CrCl	is	going	to	be	<10	mL/min.

Step	2:	Calculate	for	the	corrected	phenytoin	concentration	using	Equation
3.

CASE	6:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	END-STAGE
RENAL	DISEASE	AND	HYPOALBUMINEMIA
A	28-year-old	(85	kg,	6′1″)	black	male	is	receiving	phenytoin	capsule	100	mg	po
twice	 daily	 and	 at	 bedtime	 for	 epilepsy.	 He	 has	 a	 steady-state	 phenytoin
concentration	 of	 12	 mg/L.	 He	 has	 a	 history	 of	 chronic	 kidney	 disease	 with	 a
creatinine	 clearance	 of	 8	 mL/min.	 An	 SMA-18	 panel	 includes	 the	 following
laboratory	 values:	 BUN	=	 66	mg/dL,	 albumin	 3	 g/dL,	 and	 globulin	 2.7	 g/dL.
What	is	the	corrected	steady-state	phenytoin	concentration?

Step	1:	It	is	not	necessary	to	calculate	the	creatinine	clearance	in	this	case;
this	patient	has	CKD	with	a	CrCl	of	8	mL/min.

Step	2:	Calculate	for	the	corrected	phenytoin	concentration	using	Equation
3.	Be	careful	to	use	the	serum	albumin	in	the	equation	and	not	the	serum



globulin,	since	phenytoin	is	a	weak	acid	and	is	highly	bound	to	the	albumin
portion	[not	globulin]	of	the	plasma	protein	binding	sites.

This	patient	has	a	toxic	corrected	serum	phenytoin	concentration	of	30	mg/L.
The	patient	should	be	monitored	for	signs	and	symptoms	of	phenytoin	toxicity,
the	phenytoin	dose	should	be	held	and	a	new	reduced	dosing	regimen	should	be
considered.

CASE	7:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	END-STAGE
RENAL	DISEASE	AND	HYPOALBUMINEMIA
A	65-year-old	(55	kg,	5′7″)	white	male	is	receiving	phenytoin	capsule	100	mg	po
bid	 for	 epilepsy.	He	has	a	 steady-state	 phenytoin	 concentration	of	 9	mg/L.	He
has	 a	 history	 of	 chronic	 kidney	 disease	 with	 a	 creatinine	 clearance	 of	 10
mL/min.	An	SMA-18	panel	includes	the	following	laboratory	values:	BUN	=	66
mg/dL,	albumin	1.5	g/dL,	and	globulin	1.9	g/dL.	What	 is	 the	corrected	steady-
state	phenytoin	concentration?

Step	1:	It	is	not	necessary	to	calculate	the	creatinine	clearance	in	this	case;
this	patient	has	CKD	with	a	CrCl	of	10	mL/min.

Step	2:	Calculate	for	the	corrected	phenytoin	concentration	using	Equation
3.	Be	careful	to	use	the	serum	albumin	in	the	equation	and	not	the	serum
globulin,	since	phenytoin	is	a	weak	acid	and	is	highly	bound	to	the	albumin
portion	[not	globulin]	of	the	plasma	protein	binding	sites.



This	patient	has	a	toxic	corrected	serum	phenytoin	concentration	of	36	mg/L.
The	patient	should	be	monitored	for	signs	and	symptoms	of	phenytoin	toxicity,
the	phenytoin	dose	should	be	held	and	a	new	reduced	dosing	regimen	should	be
considered.

CASE	8:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	END-STAGE
RENAL	DISEASE	AND	A	NORMAL	ALBUMIN
A	47-year-old	(65	kg,	5′10″)	Hispanic	male	is	receiving	phenytoin	100	mg	po	tid
for	epilepsy.	He	has	a	steady-state	phenytoin	concentration	of	15	mg/L.	He	has	a
history	of	 chronic	 kidney	disease	with	a	 creatinine	 clearance	of	 5	mL/min.	An
SMA-18	panel	 includes	 the	 following	 laboratory	values:	albumin	4.6	g/dL	and
globulin	1.9	g/dL.	What	is	the	corrected	steady-state	phenytoin	concentration?

Step	1:	It	is	not	necessary	to	calculate	the	creatinine	clearance	in	this	case;
this	patient	has	CKD	with	a	CrCl	of	5	mL/min.

Step	2:	Calculate	for	the	corrected	phenytoin	concentration	using	Equation
3.	Be	careful	to	use	the	serum	albumin	in	the	equation	and	not	the	serum
globulin,	since	phenytoin	is	a	weak	acid	and	is	highly	bound	to	the	albumin
portion	[not	globulin]	of	the	plasma	protein	binding	sites.	Although	the
patient’s	albumin	is	4.6	g/dL,	be	sure	to	use	an	albumin	of	4.4	g/dL	as	the
Sheiner	Tozer	equation	is	only	designed	to	correct	for	hypoalbuminemia	at
less	than	4.4	g/dL.



This	 patient	 has	 a	 toxic	 corrected	 serum	 phenytoin	 concentration	 of	 27.8
mg/L.	 The	 patient	 should	 be	monitored	 for	 signs	 and	 symptoms	 of	 phenytoin
toxicity,	 and	 the	 phenytoin	 dose	 should	 be	 held	 and	 a	 new	 reduced	 dosing
regimen	should	be	considered.

CASE	9:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	END-STAGE
RENAL	DISEASE	AND	A	NORMAL	ALBUMIN
A	36-year-old	(75	kg,	5′11″)	white	male	is	receiving	phenytoin	100	mg	po	qid	for
epilepsy.	He	has	 a	 steady-state	 phenytoin	 concentration	 of	 22	mg/L.	He	has	 a
history	of	 chronic	 kidney	disease	with	a	 creatinine	 clearance	of	 8	mL/min.	An
SMA-18	panel	 includes	 the	 following	 laboratory	values:	albumin	5.2	g/dL	and
globulin	3	g/dL.	What	is	the	corrected	steady-state	phenytoin	concentration?

Step	1:	It	is	not	necessary	to	calculate	the	creatinine	clearance	in	this	case;
this	patient	has	CKD	with	a	CrCl	of	8	mL/min.

Step	2:	Calculate	for	the	corrected	phenytoin	concentration	using	Equation
3.	Be	careful	to	use	the	serum	albumin	in	the	equation	and	not	the	serum
globulin,	since	phenytoin	is	a	weak	acid	and	is	highly	bound	to	the	albumin
portion	[not	globulin]	of	the	plasma	protein	binding	sites.	Although	the
patient’s	albumin	is	5.2	g/dL,	be	sure	to	use	an	albumin	4.4	g/dL	as	the
Sheiner	Tozer	equation	is	only	designed	to	correct	for	hypoalbuminemia	at
less	than	4.4	g/dL.



This	 patient	 has	 a	 toxic	 corrected	 serum	 phenytoin	 concentration	 of	 40.7
mg/L.	 The	 patient	 should	 be	monitored	 for	 signs	 and	 symptoms	 of	 phenytoin
toxicity,	 the	phenytoin	dose	should	be	held	and	a	new	reduced	dosing	regimen
should	be	designed.

CASE	10:	CALCULATING	FOR	THE	CORRECTED
PHENYTOIN	LEVEL	IN	PATIENTS	WITH	RENAL	FAILURE
JZ	is	a	75-year-old	male	(62	kg,	5′6″)	who	recently	developed	acute	renal	failure
secondary	to	intravenous	vancomycin.	He	has	a	history	of	seizure	disorder	and
has	 been	 on	 phenytoin	 200	 mg	 capsule	 twice	 a	 day	 with	 previous	 phenytoin
levels	 within	 normal	 limits.	 The	 most	 recent	 laboratory	 levels	 revealed	 a
phenytoin	level	of	7.9	mg/L,	albumin	of	4	g/dL,	and	SCr	of	3.2	mg/dL.	No	seizure
activity	was	reported	in	the	last	week.	Calculate	for	the	corrected	phenytoin	level
for	this	patient	assuming	that	the	test	was	performed	at	temperature	of	37°C.

Step	1:	Calculate	his	creatinine	clearance.



Because	 the	 calculated	 creatinine	 clearance	 of	 this	 patient	 falls	 between	 10
and	25	mL/min,	our	corrected	phenytoin	formulas	cannot	be	used	(Equations	1
and	3).	 Instead,	 take	 the	average	of	Equation	1	and	Equation	3	 to	calculate	an
estimated	corrected	phenytoin.

Step	2:	Calculate	the	corrected	phenytoin	levels	as	if	the	creatinine
clearance	was	below	10	mL/min	using	Equation	3.

Step	3:	Calculate	the	corrected	phenytoin	level	concentration	as	if	the
creatinine	clearance	was	>25	mL/min	using	Equation	1.

Step	4:	Take	the	average	of	the	calculated	corrected	phenytoin	levels	from
Steps	2	and	3	to	estimate	the	overall	corrected	phenytoin	level	for	JZ.

(15.8	mg/L	+	8.8	mg/L)/2	=	12.3	mg/L

Based	 on	 the	 corrected	 phenytoin	 concentrations	 above,	 JZ’s	 corrected
phenytoin	concentration	falls	between	8.8	mg/L	and	15.8	mg/L,	which	averaged



to	12.3	mg/L.

LOADING	DOSE	OF	PHENYTOIN

There	 are	 two	 scenarios	whereby	 loading	 dose	 of	 phenytoin	 is	 required.	 First,
when	 a	 newly	 diagnosed	 patient	 who	 is	 phenytoin-naïve	 is	 to	 be	 started	 on
phenytoin,	and	second,	when	a	patient	who	is	already	receiving	phenytoin	has	a
phenytoin	 level	 that	 is	 below	 the	 desired	 concentration.	 Loading	 doses	 allow
such	patients	to	achieve	target	levels	quickly.

When	calculating	 for	 a	 loading	dose,	 it	 is	 important	 to	determine	 the	 target
peak	phenytoin	concentration	(Cp)	and	the	formulation	of	phenytoin	that	is	to	be
used	for	the	loading.	Typically,	for	phenytoin-naïve	patients,	the	target	Cp	is	20
mg/L.	 The	 oral	 suspension	 and	 the	 intravenous	 formulations	 are	 the	 most
commonly	 used	 dosage	 forms	 for	 loading	 phenytoin	 because	 they	 have	 been
associated	with	 the	most	 rapid	 increase	 in	serum	concentration	as	compared	 to
the	tablet	and	capsule	formulations.9

The	 following	 formula	 is	 used	 when	 calculating	 the	 loading	 dose	 in
phenytoin-naïve	patients.

Under	 normal	 Ka	 and	 fup,	 the	 estimated	 volume	 of	 distribution	 (Vd)	 falls
between	 0.6	 and	 0.7	 L/kg,	 with	 an	 average	 of	 0.65	 L/kg.	 All	 phenytoin
formulation	 has	 a	 bioavialability	 (F)	 of	 1.	 Phenytoin	 sodium,	 available	 as
interavenous	and	as	capsule,	has	a	salt	factor	(S)	of	0.92.	Phenytoin	acid	on	the
other	hand	is	available	as	suspension	and	chewable	tablets,	and	has	a	salt	factor
of	1.

The	 phenytoin	 loading	 dose	 equation	 (Equation	 4)	 must	 be	 changed	 for
patients	 who	 are	 currently	 on	 phenytoin	 and	 the	 observed	 phenytoin	 level	 is
below	 target.	 The	 newly	 revised	 formulation	 accounts	 for	 the	 presence	 of	 the
phenytoin	already	in	the	patient’s	plasma.



In	 cases	 where	 Ka	 or	 fup	 are	 altered	 (e.g.,	 hypoalbuminemia,	 renal	 failure,
ESRD),	 it	 is	 not	 necessary	 to	 substitute	 the	 “phenytoin	 observed”	 with	 the
“corrected	 phenytoin”	 in	 the	 loading	 dose	 equations	 because	 the	 Vd	 and	 the
target	peak	concentration	are	inversely	related.	A	decrease	in	serum	albumin	or
albumin	 affinity	 results	 in	 an	 opposite	 increase	 in	 the	 calculated	 Vd,	 and	 a
subsequent	 decrease	 in	 the	 target	 concentration	 by	 almost	 the	 same	 factor.
Hence,	 these	 changes	negate	 each	other,	 having	 little	or	 insignificant	 effect	on
the	final	loading	dose	calculation.22

For	obese	patients,	defined	as	actual	body	weight	20	percent	above	the	ideal
body	weight,	 the	 excess	 adipose	 tissue	 can	 increase	 the	Vd	 of	 phenytoin,	 thus
resulting	 in	 a	 higher	 loading	dose.	To	 adjust	 for	 the	 increase	 in	Vd,	 instead	of
calculating	 for	 the	 Vd	 by	 using	 the	 actual	 body	 weight,	 multiply	 the	 excess
weight	by	a	factor	of	1.33	and	add	this	to	the	IBW.	Use	this	adjusted	weight	to
determine	the	new	Vd.23,24

CASE	11:	CALCULATE	THE	PHENYTOIN	LOADING	DOSE
IN	PHENYTOIN-NAÏVE	PATIENTS
JT	is	a	60-year-old	male	(75	kg)	newly	diagnosed	with	seizure	disorder.	He	has
normal	renal	function	and	albumin	level.	His	physician	wants	to	load	him	with
phenytoin.	 Calculate	 a	 loading	 dose	 using	 phenytoin	 suspension	 and
intravenous,	and	recommend	appropriate	dosing	administration	for	both.

Answer:
Calculate	a	loading	dose	for	JT	if	phenytoin	suspension	is	to	be	administered.



Calculate	a	loading	dose	for	JT	if	phenytoin	IV	is	to	be	administered.

For	oral	loading	doses,	due	to	the	slow	rate	of	gastrointestinal	absorption,25,26
it	 is	 recommended	 to	 administer	 the	 loading	 dose	 of	 phenytoin	 in	 smaller
incremental	 doses	 rather	 than	 give	 the	 entire	 loading	 dose	 at	 one	 time.
Furthermore,	 due	 to	 phenytoin’s	 limited	 gastrointestinal	 absorption,	 dose
increases	 may	 result	 in	 longer	 times	 to	 reach	 peak	 plasma	 concentration.27
Remember,	 the	 goal	 of	 giving	 a	 loading	 dose	 is	 to	 achieve	 the	 target	 peak
concentration	quickly.	As	a	general	 rule,	oral	 loading	doses	should	be	given	at
increments	of	no	more	 than	400	mg	every	2	hours.	Thus,	 for	 JT,	 the	 total	oral
loading	dose	of	975	mg	can	be	administered	as	400	mg,	400	mg,	and	175	mg,
with	 a	 2-hour	 interval	 between	 each	 dose.	Another	 option	 is	 to	 administer	 the
975	mg	oral	loading	dose	as	400	mg,	300	mg,	and	275	mg	with	a	2-hour	interval
between	 each	 dose.	 No	 published	 studies	 prove	 that	 either	 approach	 is	 better
than	 the	 other.	 However,	 one	 can	 surmise	 that	 giving	 higher	 doses	 at	 the
beginning	 of	 the	 loading	 process	 may	 shorten	 the	 time	 to	 reach	 target
concentration,	but	 it	may	increase	 the	 incidence	of	gastrointestinal	side	effects.
While	dividing	doses	equally	and	not	using	the	maximum	dose	at	each	interval
may	decrease	the	incidence	of	such	side	effects.	Either	one	of	these	approaches
is	acceptable.

If	a	more	rapid	peak	plasma	concentration	must	be	achieved,	it	 is	be	best	to
administer	the	loading	dose	of	phenytoin	via	the	IV	route.	As	mentioned	earlier
in	the	chapter,	the	IV	formulation	of	phenytoin	contains	propylene	glycol,	which
has	 been	 associated	 with	 cardiovascular	 events	 when	 administered	 rapidly.
Therefore,	when	the	IV	formulation	must	be	used	for	loading	phenytoin,	it	must



be	administered	at	a	rate	no	more	than	50	mg/min.28	For	JT,	an	IV	loading	dose
of	1,000	mg	can	be	administered	no	faster	than	20	minutes.	It	may	be	advisable
to	extend	or	lower	the	rate	of	infusion	to	20–25	mg/min	to	further	lower	the	risk
of	 cardiovascular	 toxicity,	 especially	 in	 the	 elderly	 (>65	 years	 old)	 and	 those
with	 a	 history	 of	 cardiac	 disease.29	 Cardiac	monitoring	 and	 the	 use	 of	 a	 0.22
micron	filter	are	necessary	during	intravenous	phenytoin	administration.

CASE	12:	CALCULATE	THE	IV	PHENYTOIN	LOADING
DOSE	IN	PHENYTOIN-NAÏVE	PATIENTS
A	33-year-old	white	male	(100	kg)	is	to	be	placed	on	phenytoin	for	generalized
tonic-clonic	status	epilepticus.	The	patient	has	already	received	two	doses	of	IV
lorazepam	 without	 a	 response.	 An	 SMA-18	 panel	 includes	 the	 following
laboratory	 values:	 creatinine	 0.5	mg/dL	 and	 albumin	 5	 g/dL.	Calculate	 an	 IV
phenytoin	loading	dose	to	achieve	a	target	of	18	mg/L.

Answer:
Use	 Equation	 5	 to	 calculate	 the	 IV	 phenytoin	 loading	 dose	 for	 this	 patient.
Because	this	patient	has	a	normal	albumin	and	a	creatinine	clearance	above	25
mL/minute,	 it	 is	 not	 necesarry	 to	 determine	 the	 loading	 dose	 based	 on	 the
corrected	phenytoin	level.

The	IV	phenytoin	 loading	dose	for	 this	patient	may	be	rounded	up	 to	1,300
mg.	 Because	 this	 patient	 is	 in	 status	 epilepticus	 and	 is	 yet	 to	 respond	 to
lorazepam,	 the	 rate	 of	 IV	 phenytoin	 administration	 should	 be	 50	 mg/min.
Additionally,	 young	patients	 tend	 to	be	 at	 lower	 risk	of	 developing	phenytoin-



induced	 hypotension	 and	 bradycardia	 during	 rapid	 IV	 administration	 at	 50
mg/min.	Continuous	cardiac	monitoring	and	 the	use	of	a	0.22	micron	filter	are
necessary	during	intravenous	phenytoin	administration.

CASE	13:	CALCULATING	PHENYTOIN	LOADING	DOSE	IN
PATIENTS	WHO	ARE	ALREADY	ON	PHENYTOIN
PC	is	a	62-year-old	male	patient	(75	kg)	who	has	been	receiving	phenytoin	for
the	past	12	months	for	the	management	of	grand	mal	seizures.	He	returned	to	the
doctor’s	office	 for	a	 follow	up.	His	 latest	 laboratory	 test	 revealed	an	observed
phenytoin	concentration	of	6	mg/L.	His	albumin	and	renal	function	were	normal.
Calculate	a	loading	dose	for	PC	using	phenytoin	suspension.

Answer:
Loading	dose

It	 is	 important	 to	 round	 off	 the	 final	 phenytoin	 loading	 dose	 to	 the	 nearest
measurable	volume	available.	Phenytoin	suspension	is	available	in	100	mg/4	mL
or	 25	 mg/mL	 concentration.	 Therefore,	 675	 mg	 will	 be	 equivalent	 to	 27
milliliters.	 Because	 no	 more	 than	 400	 mg	 can	 be	 administered	 at	 a	 time,	 the
loading	 dose	 for	 PC	 can	 be	 administered	 as	 375	 mg	 followed	 by	 300	 mg,
administered	2	hours	apart.

CASE	14:	CALCULATING	FOR	PHENYTOIN	LOADING
DOSE	IN	PATIENTS	WHO	ARE	ALREADY	ON	PHENYTOIN



WITH	HYPOALBUMINEMIA
JR	is	a	37-year-old	male	(80	kg)	with	history	of	seizure	disorder,	who	returns	to
the	 clinic	 complaining	 of	 breakthrough	 seizures.	 His	 most	 recent	 phenytoin
observed	level	was	5	mg/L	and	his	albumin	was	3.1	g/dL.	His	renal	function	was
normal.	 Calculate	 a	 loading	 dose	 for	 JR	 using	 phenytoin	 suspension.	 Assume
test	for	phenytoin	level	was	performed	at	37°C.

Step	1:	Calculate	for	the	corrected	phenytoin	level	to	determine	whether	a
loading	dose	is	needed.

Because	 the	 corrected	 phenytoin	 level	 is	 below	 the	 target	 range	 of	 10–20
mg/L,	a	loading	dose	is	required.

Step	2:	Calculate	the	loading	dose	accounting	for	the	phenytoin	observed.
Remember,	do	not	use	the	corrected	phenytoin	level	in	this	formula;	rather
use	the	phenytoin	observed.



Loading	dose	=	780	mg,	or	800	mg	of	phenytoin	suspension

The	loading	dose	for	JR	is	800	mg,	which	can	be	given	as	400	mg,	and	400
mg	administered	2	hours	apart.

CASE	15:	CALCULATING	PHENYTOIN	LOADING	DOSE	IN
PATIENTS	WHO	ARE	OBESE
PH	is	a	62-year-old	female	(92	kg,	5′2″)	who	was	admitted	in	the	ED	for	seizure
breakthrough.	Her	 observed	 phenytoin	 level	 was	 found	 to	 be	 2.2	mg/L	 due	 to
noncompliance.	After	receiving	two	doses	of	lorazepam,	her	seizures	abated.	Her
albumin	level	was	4.6	g/dL,	and	SCr	was	0.8	mg/dL.	Her	physician	wants	to	load
her	with	IV	phenytoin.	Calculate	the	appropriate	loading	dose	and	recommend	a
rate	of	infusion.

Step	1:	Calculate	for	the	IBW.

Step	2:	Determine	whether	patient	is	obese.

Because	 the	patient’s	actual	body	weight	 is	92	kg,	which	 is	greater	 than	20
percent	over	the	ideal	weight,	we	need	to	calculate	for	the	Vd	using	the	factor	of
1.33	(Equation	6).

Step	3:	Calculate	for	Vd	obese.



Step	4:	Calculate	for	the	loading	dose	using	the	new	adjusted	Vd	for	obese
patients.

Step	5:	Calculate	the	rate	of	infusion.

Recommendation	 is	 to	 infuse	 1,300	mg	 of	 phenytoin	 IV	 no	 faster	 than	 26
minutes.	To	further	decrease	the	risk	of	cardiotoxicity,	extend	the	infusion	time
to	30–45	minutes.	 In	addition,	ensure	 the	patient	 is	on	a	cardiac	monitor	and	a
0.22	micron	filter	is	used	for	the	drug	administration.

METABOLISM	AND	CLEARANCE/HALF-LIFE



Phenytoin	 is	 primarily	 metabolized	 in	 the	 liver	 by	 para-hydroxylation	 to	 the
inactive	metabolite,	HPPH	 [5-(p-hydroxyphenyl)-5-phenylhydantoin],	which	 is
further	conjugated	in	the	liver	with	glucuronic	acid	and	eventually	eliminated	in
the	urine.	Approximately	5	percent	of	phenytoin	is	eliminated	unchanged	in	the
urine.8	 Phenytoin	 follows	 Michaelis-Menten	 kinetics	 or	 capacity-limited
metabolism.	For	most	medications,	as	the	dose	increases,	the	rate	of	metabolism
increases	 proportionally,	 and	 the	 rate	 of	 metabolism	 is	 not	 maximized	 at
therapeutic	doses.	However,	for	phenytoin,	as	the	dose	increases,	at	a	given	point
in	time	the	liver	metabolism	is	maximized	or	saturated.	As	a	result,	even	small
increases	in	dosage	can	lead	to	toxic	plasma	concentrations	because	the	liver	can
no	 longer	 metabolize	 the	 phenytoin	 fast	 enough.	 Medications	 that	 follow
Michaelis-Menten	kinetics	are	said	to	go	from	first-order	 to	zero-order	kinetics
(nonlinear	 kinetics).	 Unfortunately,	 it	 is	 unknown	 at	 which	 dose	 the	 liver
metabolism	of	phenytoin	is	maximized	or	saturated.	Therefore,	small	differences
may	separate	the	therapeutic	from	the	toxic	dose	of	phenytoin	for	a	patient.	It	is
recommended	 that	 as	 a	 patient	 approaches	 the	 target	 phenytoin	 concentration,
small	increments	in	dosage	are	implemented	in	order	to	avoid	toxic	levels	when
the	liver	metabolism	saturation	is	unknown.4,8,30,31

For	most	 patients	 the	maximum	metabolic	 capacity	 of	 phenytoin	 (Vmax)	 is
between	5	and	15	mg/kg/day,	with	an	average	of	7	mg/kg/day.	Meanwhile,	 the
Km	is	the	substrate	concentration	at	which	the	velocity	or	rate	of	metabolism	is
half	 of	 Vmax.	 Therefore,	 Km	 for	 most	 patients	 is	 approximately	 4	 mg/L.	 The
population-based	average	Km	and	Vmax	 can	be	used	 to	 calculate	 the	phenytoin
maintenance	dose	in	patients	who	are	phenytoin-naïve.

where	Vmax	=	7	mg/kg/day,	Km	=	4	mg/L,	and	CpSS	=	Target	steady	state	peak
concentration	of	15	mg/L.

If	 the	 patient	 is	 already	 taking	 phenytoin	 and	 a	 phenytoin	 plasma	 level	 is
available,	 then	calculate	 for	 the	patient’s	own	maximum	rate	of	metabolism	or
patient	specific	Vmax(Vmax,ptspecific)	using	Equation	8,	assuming	that	the	CpSS	 is
at	steady	state.



In	 the	 setting	 of	 decreased	 Ka	 or	 increased	 fup,	 CpSS	 must	 be	 adjusted	 to
reflect	the	normal	plasma	binding	when	calculating	for	the	Vmax,ptspecific.

Using	patient-specific	Vmax,	a	new	maintenance	dose	can	then	be	calculated
using	the	following	equation:

CASE	16:	CALCULATING	MAINTENANCE	DOSE	OF
PHENYTOIN	IN	PHENYTOIN-NAÏVE	PATIENTS
KC	is	a	35-year-old	female	(62	kg)	who	was	admitted	in	the	emergency	room	for
new-onset	seizures.	She	received	a	dose	of	lorazepam	6	mg	and	was	loaded	on
phenytoin.	Now,	she	is	to	be	admitted	to	the	internal	medicine	floor	where	she	is
to	be	started	on	a	maintenance	dose	of	phenytoin.	Calculate	a	maintenance	dose
for	KC	if	phenytoin	capsules	are	to	be	given.

Step	1:	Calculate	for	the	Vmax	using	the	patient’s	actual	weight.

Vmax	=	(7	mg/kg/day)(62	kg)

Vmax	=	434	mg/day

Step	2:	Calculate	the	maintenance	dose	using	Equation	7.



CASE	17:	CALCULATING	FOR	THE	PATIENT-SPECIFIC
Vmax	AND	NEW	MAINTENANCE	DOSE

SC	 is	 a	 44-year-old	male	 receiving	 phenytoin	 suspension	 125	mg	 q8h	 for	 the
past	 two	 years.	 His	 phenytoin	 level	 was	 found	 to	 be	 2.6	 mg/L	 at	 37°C	 and
albumin	2.3	g/dL.	He	has	ESRD	and	receiving	HD	on	M/W/F.	Calculate	for	this
patient’s	Vmax	and	new	maintenance	dose	using	phenytoin	suspension.

Step	1:	Because	this	patient	has	low	albumin	and	has	ESRD,	calculate	for
the	corrected	phenytoin	level	first.

Step	2:	Calculate	the	Vmax	using	the	corrected	phenytoin	level.	We	can
assume	that	the	CpSS	is	at	steady	state	since	this	patient	has	been	taking	the
same	dose	of	phenytoin	for	the	past	2	years.



Step	3:	Calculate	for	a	new	maintenance	dose	using	the	patient-specific
Vmax.

PHENYTOIN	HALF-LIFE	AND	STEADY	STATE
The	unique	metabolism/elimination	of	phenytoin	makes	half-life	measurements
inaccurate	with	 little	utility.	 In	capacity-limited	metabolism,	 the	half-life	of	 the
drug	depends	on	the	drug’s	serum	concentration.	As	the	phenytoin	concentration
increases,	 the	 half-life	 increases,	 and	 vice	 versa.	 Phenytoin	 therefore	 does	 not
have	a	constant	half-life.

Due	to	phenytoin’s	capacity-limited	metabolism,	the	application	of	half-life	to
estimate	 time	 to	 achieve	 steady	 state	 and	 time	 to	 eliminate	 the	 drug	 from	 the



body	in	settings	of	toxicity	can	be	challenging.	The	half-life	of	drugs	that	follow
linear	kinetics	shows	the	time	that	it	takes	to	metabolize	50	percent	of	the	drug.
Because	 phenytoin	 follows	 nonlinear	 kinetics,	 the	 exact	 half-life	 is	 difficult	 to
predict.	In	fact,	multiple	studies	have	shown	great	variability	in	phenytoin’s	half-
life	ranging	from	10	to	95	hours	in	adults.4,8,32

In	 order	 to	 calculate	 a	 patient’s	 specific	 Vmax,	 one	 must	 first	 determine
whether	 the	phenytoin	plasma	concentration	observed	has	reached	steady	state.
To	determine	if	the	phenytoin	level	drawn	is	at	steady	state,	one	can	use	the	t90%
formula	that	represents	the	time	required	for	the	phenytoin	to	reach	90	percent	of
its	steady-state	value.

This	equation	was	based	on	a	70	kg	patient;	thus,	the	dose	of	phenytoin	must
first	be	converted	to	an	equivalent	dose	as	it	would	apply	to	a	70	kg	patient.	In
addition,	 in	 the	presence	of	decreased	albumin	or	renal	function,	 the	phenytoin
observed	(Cp)	must	be	corrected.

If	 the	 serum	 phenytoin	 observed	 is	 not	 at	 steady	 state	 based	 on	 the	 t90%
formula,	 then	 the	 phenytoin	 observed	 cannot	 be	 used	 to	 calculate	 the	 patient’s
specific	Vmax,	 and	no	new	maintenance	dose	 can	be	 calculated	 either.	 Instead,
you	 must	 estimate	 the	 amount	 of	 phenytoin	 metabolism	 over	 time	 using	 two
different	phenytoin	concentrations	drawn	at	two	separate	occasions.

In	this	formula,	C1	represents	the	initial	phenytoin	level	and	C2	represents	the
second	phenytoin	 level.	Both	C1	and	C2	need	 to	be	corrected	 in	 the	setting	of
altered	 plasma	 binding.	 t	 is	 the	 time	 interval	 (in	 days)	 between	 C2	 and	 C1.
However,	 in	 order	 for	 this	 formula	 to	 accurately	 calculate	 the	 patient-specific
Vmax,	a	few	criteria	need	to	be	met:

1.	The	time	between	C1	and	C2	must	be	>3	days.



2.	C2	must	be	≤twice	C1	if	the	plasma	concentration	is	rising,	OR
3.	C2	must	be	≥½	of	C1	if	the	plasma	concentration	is	declining.
4.	Phenytoin	dose,	route,	and	formulation	must	be	consistent.
Once	 the	 amount	 eliminated	 per	 time	 (amount	 eliminated/t)	 is	 determined,

calculate	 for	 the	 Vmax	 by	making	 a	 few	 key	 substitutions	 to	 the	 Vmax,ptspecific
formula	(Equation	8).	Substitute	total	dose/day	with	the	amount	eliminated/t,	and
CpSS	with	the	average	of	C1	and	C2,	resulting	in	a	new	equation	for	Vmax,CpNSS,
whereby	phenytoin	observed	(Cp)	is	not	at	steady	state:

A	 new	 maintenance	 dose	 (Equation	 9)	 can	 then	 be	 calculated	 using	 the
answer	to	the	Vmax,CpNSS.

CASE	18:	CALCULATING	TIME	REQUIRED	BEFORE
REACHING	STEADY	STATE
DN	is	a	72-year-old	male	(98	kg)	who	was	started	on	phenytoin	suspension	250
mg	every	12	hours	for	the	past	17	days.	His	observed	phenytoin	level	is	11	mg/L.
His	albumin	level	was	4.9	g/dL,	and	SCr	was	1	mg/dL.	Determine	whether	 the
phenytoin	observed	is	likely	to	be	at	steady	state.

Step	1:	Adjust	dosing	based	on	a	70	kg	patient.

Step	2:	Calculate	for	t90%	using	the	dose	based	on	a	70	kg	patient.



Based	 on	 the	 calculated	 t90%,	 the	 estimated	 time	 to	 reached	 steady	 state	 is
approximately	 15	 days.	Because	 the	 serum	phenytoin	 level	was	 drawn	on	 day
17,	this	level	is	considered	to	be	at	steady	state.

CASE	19:	CALCULATING	Vmax	IF	PHENYTOIN	OBSERVED
IS	NOT	AT	STEADY	STATE
AC	 is	 a	 52-year-old	 female	 (82	 kg)	 who	 received	 an	 800	mg	 loading	 dose	 of
phenytoin	suspension	and	was	started	on	a	maintenance	dose	of	phenytoin	225
mg	suspension	every	12	hours	for	5	days.	Her	follow-up	serum	phenytoin	level
was	found	to	be	subtherapeutic	at	8	mg/L	at	37°C.	Albumin	and	renal	function
were	within	normal.	Assuming	that	the	level	is	not	at	steady	state,	calculate	for	a
new	maintenance	dose:

Step	1:	Calculate	for	initial	concentration	(C1)	of	PHT	after	the	loading
dose	of	800	mg	suspension.



Step	2:	Calculate	the	amount	eliminated	over	time.

Amount	eliminated/t	=	524.6	mg/day
The	 amount	 eliminated	 over	 time	 gives	 an	 average	 range	 of	 the	 amount	 of

phenytoin	 that	 is	 eliminated	 per	 day	 for	 this	 patient.	 Use	 this	 information	 to
calculate	for	the	Vmax,CpNSS.	 In	 this	case,	patient	AC	has	an	average	phenytoin
elimination	 of	 524.6	mg/day,	which	 should	 provide	 a	 phenytoin	 concentration
average	 between	 C1	 (15	 mg/L)	 and	 C2	 (8	 mg/L),	 which	 in	 this	 case	 is	 11.5
mg/L.

Step	3:	Calculate	a	new	dose	using	the	amount	eliminated/t	as	the	Total
dose/day,	and	the	average	phenytoin	concentration	between	C1	and	C2	as
CpSSavg.

Step	4:	Calculate	a	new	maintenance	dose	using	Vmax,CpNSS.



CALCULATING	THE	RATE	OF	DECLINE	OF	PHENYTOIN	IF
LEVELS	ARE	TOXIC
Due	to	the	unpredictability	of	phenytoin	kinetics,	it	is	often	difficult	to	determine
when	toxic	phenytoin	levels	are	expected	to	decline	to	target	levels.	Once	again,
the	 nonlinear	 kinetics	 of	 phenytoin’s	 half-life	make	 the	 practice	 of	 using	 half-
lives	to	calculate	the	time	needed	for	the	drug	level	to	decline	(e.g.,	one	half-life
decreases	serum	drug	by	50%,	two	half-lives	by	75%,	three	half-lives	by	87.5%,
and	so	on)	 inapplicable.	Often,	clinicians	are	 forced	 to	obtain	frequent	or	even
unnecessary	 drug	 levels	 that	 can	 be	 time-consuming,	 costly,	 and	 may	 affect
patient’s	 quality	 of	 life	 due	 to	 frequent	 blood	 draws.	 In	 other	 cases,	 frequent
blood	work	may	not	be	feasible,	such	as	an	outpatient	setting	or	in	patients	with
poor	venous	access.

To	 circumvent	 frequent	 and	 unnecessary	 blood	work,	 one	 can	 calculate	 the
rate	of	phenytoin	decline	over	time.	The	rate	of	phenytoin	decline	can	provide	us
with	an	estimated	time	of	decay	or	decline	to	desired	phenytoin	level.	Using	the
phenytoin	observed,	desired,	or	 target	phenytoin	concentration,	patient-specific
Vmax,	and	Vd,	we	can	calculate	the	time	it	would	take	for	a	toxic	phenytoin	level
to	decline	to	the	target	or	desired	level.



In	 this	 formula,	 time	 to	 decline	 (t)	 is	 represented	 in	 days.	 C1	 is	 the	 initial
phenytoin	concentration,	while	C2	is	the	final	or	desired	concentration.	C1	must
be	corrected	in	the	setting	of	altered	protein	binding	prior	to	being	applied	in	this
formula.

In	 the	 setting	 of	 an	 oral	 phenytoin	 overdose,	 this	 formula	 is	 rendered
ineffective	in	determining	the	time	it	will	take	for	the	drug	to	decline	to	normal
levels	 because	 the	 initial	 phenytoin	 concentration	 may	 not	 be	 an	 accurate
representation	 of	 the	 peak	 phenytoin	 concentration	 after	 the	 overdose.
Remember,	 the	 rate	 of	 GI	 absorption	 is	 increased	 with	 higher	 dose
administration,	which	also	means	that	the	time	to	reach	the	peak	concentration	is
prolonged.	 The	 initial	 phenytoin	 concentration	 may	 not	 be	 the	 true	 peak
concentration	if	enough	time	has	not	elapsed	between	the	time	of	ingestion	and
the	 time	 of	 phenytoin	 blood	 draw	 to	 allow	 for	 complete	 GI	 absorption	 of
phenytoin.	 However,	 this	 formula	 is	 valid	 in	 the	 setting	 of	 an	 intravenous
phenytoin	overdose	because	GI	absorption	is	bypassed.

CASE	20:	CALCULATING	THE	RATE	OF	DECLINE	OF
PHENYTOIN	IN	TOXIC	PHENYTOIN	LEVELS
TR	 is	 a	 43-year-old	male	 (72	 kg)	who	has	been	on	phenytoin	200	mg	 capsule
every	12	hours	for	the	past	6	months.	His	phenytoin	levels	in	the	past	have	been
therapeutic.	 However,	 during	 his	most	 recent	 physician	 visit,	 he	 was	 found	 to
have	 CNS	 symptoms	 consistent	 of	 phenytoin	 toxicity,	 his	 phenytoin	 level	 was
found	to	be	22	mg/L,	albumin	3.4	g/dL,	and	renal	function	was	normal.	Overdose
and	non-compliance	were	ruled	out.	Calculate	what	the	correct	phenytoin	level
would	be	and	determine	how	long	it	will	take	for	the	phenytoin	levels	to	return	at
target	 (15	 mg/L),	 assuming	 steady	 state	 has	 been	 achieved	 and	 test	 was
performed	at	37°C.

Step	1:	Calculate	the	corrected	phenytoin	level.



Step	2:	Calculate	for	the	Vmax	(assuming	CpSS	is	at	steady	state).

Step	3:	Calculate	the	rate	of	decline	of	phenytoin.

The	phenytoin	 level	 should	 return	 to	15	mg/L	 after	 1.7	days.	 In	practice,	 it
would	mean	 that	 the	 phenytoin	 dose	 should	 be	 held	 for	 1	 day,	 and	 phenytoin
levels	to	be	repeated	on	the	following	day,	rather	than	drawing	daily	phenytoin
levels.

PATIENT-SPECIFIC	KM



So	far,	the	KM	used	in	the	previous	formulas	is	assumed	to	be	4	mg/L.	For	the
most	 part,	 this	 approach	 is	 acceptable.	 However,	 in	 cases	 where	 conservative
dosage	adjustments	are	needed,	the	patient-specific	KM	can	be	valuable.	In	order
to	 calculate	 for	 the	 patient-specific	 KM,	 two	 steady-state	 concentrations	 and
doses	 must	 be	 available.	 Patient-specific	 KM	 can	 be	 calculated	 using	 this
formula:

In	 this	 formula,	 R1	 and	 CSS1	 represent	 the	 first	 dose	 and	 steady-state
concentration,	 respectively,	 and	 R2	 and	 CSS2	 represent	 the	 second	 dose	 and
steady-state	concentration.	It	is	important	that	both	phenytoin	levels	are	at	steady
state.

CASE	21:	CALCULATING	A	NEW	DOSE	USING	PATIENT-
SPECIFIC	KM

UR	is	a	62-year-old	 female	(48	kg)	with	a	history	of	 traumatic	brain	 injury	20
years	ago.	She	has	been	taking	phenytoin	375	mg	PO	suspension	twice	daily	for
6	months	and	has	an	observed	phenytoin	level	of	22	mg/L.	A	year	ago,	she	was
taking	300	mg	of	phenytoin	 suspension	 twice	daily	 for	6	months,	but	her	 level
was	found	to	be	too	low	at	8	mg/L	and	having	breakthrough	seizures	every	2–3
weeks.	 As	 a	 result,	 the	 phenytoin	 dose	 was	 increased	 to	 375	 mg	 bid.	 Both
phenytoin	levels	were	performed	at	the	hospital	laboratory	at	37°C.	Her	albumin
level	 has	 been	 steady	 at	 4.6	 g/dL	 for	 the	 past	 year.	Her	 SCr	 is	 1	mg/dL.	Her
physician	 wants	 to	 make	 another	 dose	 adjustment,	 but	 would	 like	 to	 be	 more
conservative	in	lowering	the	dose	as	to	decrease	the	risk	of	subtherapeutic	level
and	subsequent	seizure	breakthroughs.	Calculate	 the	patient-specific	KM	and	a
new	dose.

Step	1:	Calculate	for	patient-specific	KM.



Step	2:	Calculate	for	the	patient-specific	Vmax	using	patient-specific	KM

Step	3:	Calculate	for	the	new	maintenance	dose	using	both	patient-specific
Vmax	and	KM.



New	maintenance	dose	=	703	mg/day,	or	~700	mg/day	of	phenytoin	suspension
in	divided	doses	of	350	mg	twice	a	day.

CASE	22:	CALCULATING	TIME	TO	DECLINE	USING
PATIENT-SPECIFIC	KM	AND	Vmax
The	 physician	 accepted	 the	 recommendation	 to	 lower	 patient	 UR’s	 phenytoin
dose	 to	 350	 mg	 suspension	 bid.	 When	 can	 this	 new	 maintenance	 dose	 be
initiated?

Answer:
It	would	be	best	to	start	the	new	dose	of	phenytoin	once	the	phenytoin	level	falls
to	 10–20	 mg/L.	 The	 best	 way	 to	 determine	 the	 time	 it	 would	 take	 for	 the
phenytoin	level	 to	decrease	to	the	desired	concentration	is	by	using	the	time	to
decline	 formula	 (Equation	13).	Notice	 that	 the	 patient’s	 specific	Vmax	 and	KM
are	now	being	used,	and	the	target	desired	level	(C2)	is	15	mg/L.



Therefore,	the	new	phenytoin	dose	can	be	restarted	at	least	7	hours	after	the
last	dose.

DRUG	INTERACTIONS

Phenytoin’s	drug	interactions	can	result	from	any	of	the	following	mechanisms:

•			Extensive	plasma	protein	binding	The	extensive	plasma	protein	binding	of
phenytoin	and	the	effects	of	disease	states	that	can	cause	changes	in
albumin	concentration	have	already	been	discussed	in	a	previous	section.
Valproic	acid	(VPA)	is	an	anticonvulsant	that	has	a	higher	affinity	than
phenytoin	for	albumin’s	binding	sites,	which	becomes	evident	at	VPA
levels	approaching	100	mg/L	where	phenytoin’s	unbound	concentration
can	be	increased	by	50	percent	or	more.4,33,34	Valproic	acid	also	can	inhibit
phenytoin’s	oxidation.	It	is	recommended	that	unbound	phenytoin	levels
be	monitored	in	patients	where	both	anticonvulsants	must	be	prescribed.

•			Hepatic	metabolism	Phenytoin	undergoes	extensive	metabolism	in	the
liver	and,	as	noted	earlier,	less	than	5	percent	is	eliminated	unchanged	in
the	urine.	It	is	a	substrate	for	CYP2C9	(primarily),	2C19,	and	3A4	while	it
induces	CYP2B6,	2C8,	2C9,	2C19,	and	3A4.2,34,35	Hence,	it	is	no	surprise
that	phenytoin	interacts	with	a	number	of	other	medications	as	listed	in



Table	15-3.34,35	Drugs	that	inhibit	CYP2C9	and	2C19	have	been	shown	to
increase	phenytoin’s	serum	levels	leading	to	toxicities	and	side	effects
from	the	anticonvulsant,	while	drugs	that	induce	the	isoenzymes	decrease
phenytoin’s	concentration	and	place	the	patient	at	risk	for	developing
seizures.	In	the	last	decade,	it	has	also	been	shown	that	CYP2C9	and	2C19
are	polymorphic,	and	population	genetic	polymorphisms	play	an	important
role	in	the	pharmacokinetics	of	phenytoin.	Defective	genes	in	CYP2C9
and	2C19	can	lead	to	decreased	phenytoin	metabolism	and	subsequent
toxic	levels.	Careful	monitoring	of	phenytoin	is	recommended,	especially
at	higher	doses.	Others	also	suggest	that	rare	polymorphisms	of	the	drug-
transporting	p-glycoprotein	(pGP)	may	play	a	role.35

Carbamazepine	 (CBZ)	 has	 been	 shown	 to	 decrease	 phenytoin’s
clearance	 in	 about	 half	 of	 patients.34,36	 In	 such	 cases,	 patients	 have
exhibited	 signs	 of	 neurotoxicity.	 It	 is	 not	 clear	 at	 what	 point	 in	 therapy
after	the	addition	of	CBZ	patients	are	at	risk	for	toxic	phenytoin	levels.	To
complicate	matters	further,	 it	has	also	been	shown	that	phenytoin	has	the
ability	 to	 decrease	 CBZ’s	 levels	 by	 about	 30	 percent,	 possibly	 by
phenytoin’s	induction	of	the	CYP3A4	isoenzyme	system.

As	a	general	rule,	it	is	recommended	that	if	an	interacting	antiepileptic
drug	 is	 to	 be	 used	 concomitantly	with	 phenytoin	 the	 levels	 of	 the	 initial
antiepileptic	be	monitored	and	doses	be	adjusted	accordingly.

•			Phenytoin	dosing	in	patients	taking	interacting	drugs	or	having	disease
states	that	may	increase	or	decrease	free	phenytoin	levels	In	patients
taking	medications	that	interact	with	phenytoin	or	having	disease	states
that	decrease	the	amount	of	phenytoin	bound	to	albumin,	taking	free
phenytoin	levels	can	be	useful.	The	target	free	phenytoin	(fu)	level	is	1–2
mg/L.	Using	the	free	phenytoin	level,	one	can	estimate	the	total	phenytoin
concentration	as	if	the	patient	were	not	on	any	medications	that	can	alter
phenytoin’s	binding	affinity	using	the	following	formula:

Total	phenytoin	=	Free	phenytoin/Percent	unbound	(10%)

Using	the	estimated	total	phenytoin	level	from	the	preceding	equation,
Vmax,	new	maintenance,	time	to	decline,	and	so	on	can	be	calculated.

TABLE
15-3 Phenytoin	Drug	Interactions2,42





CASE	23:	CALCULATING	PHENYTOIN	DOSE	IN	PATIENT
ON	DRUGS	THAT	INCREASE	FREE	PHENYTOIN	LEVELS
BR	 is	 a	 62-year-old	 female	 (55	 kg)	 who	 has	 been	 on	 phenytoin	 100	 mg	 tid
capsules	for	the	past	10	years.	She	recently	was	started	on	valproic	acid	500	mg
bid	by	her	neurologist	due	to	poor	seizure	control	with	phenytoin	despite	having
phenytoin	levels	of	10–20	mg/L.	Today	during	her	follow-up	physician	visit,	her
phenytoin	level	was	found	to	be	13.4	mg/L	@	37°C,	but	free	phenytoin	level	was
2.6	 mg/L.	 Her	 albumin	 level	 was	 4.6	 g/dL,	 and	 her	 calculated	 CrCl	 was	 45
mL/min.	 Calculate	 the	 time	 to	 decline,	 and	 recommend	 a	 new	 phenytoin
maintenance	dose	using	phenytoin	capsules.

Step	1:	Calculate	the	estimated	total	phenytoin	level	if	Ka(α)	were	=	0.1.



Total	phenytoin	=	Free	phenytoin/Percent	unbound	(10%)
Total	phenytoin	=	2.6	mg/L	÷	0.10
Total	phenytoin	=	26	mg/L

The	estimated	total	phenytoin	level	is	26	mg/L	for	BR.

Step	2:	Calculate	for	patient-specific	Vmax	(assuming	that	26	mg/L	is
already	at	steady	state	since	patient	has	been	on	the	same	dose	of	phenytoin
for	the	past	10	years).

Step	3:	Calculate	how	long	it	will	take	for	phenytoin	to	fall	within	the	target
serum	concentration	(10–20	mg/L).	In	this	case	you	can	use	an	average	of	15
mg/L	as	your	target.



Based	on	 the	 time	to	decline,	 it	appears	 that	 it	will	 take	1.5	days	before	 the
phenytoin	level	returns	to	an	acceptable	level	of	about	15	mg/L.	It	means	that	the
phenytoin	dose	must	be	held	at	least	one	and	half	days	before	repeating	levels.	A
new	free	phenytoin	 level	 is	 still	warranted	 in	 this	scenario	because	 the	 total	or
observed	phenytoin	level	may	appear	normal.

Step	4:	Calculate	for	the	new	maintenance	dose	using	the	previously
calculated	Vmax,ptspecific.



OVERVIEW	OF	FOSPHENYTOIN

Fosphenytoin	 (Cerebyx®)	 is	 the	 phosphate	 ester	 prodrug	 of	 phenytoin.	 It	 was
developed	 as	 a	 replacement	 for	 the	 IV	 formulation	 of	 phenytoin.2,37,38
Intravenous	 phenytoin	 is	 associated	 with	many	 infusion-related	 (>50	mg/min)
side	effects	such	as	cardiac	 (e.g.,	hypotension,	arrhythmias)	and	 injection	site–
related	 side	 effects	 (e.g.,	 venous	 irritation,	 tissue	 damage,	 purple	 glove
syndrome)	 due	 to	 its	 sodium	 hydroxide,	 40	 percent	 propylene	 glycol,	 and	 10
percent	alcohol	content.	Local	toxicity	is	much	less	with	fosphenytoin	when	it	is
administered	via	 the	 IV	or	 IM	 routes.	Systemic	 toxicity	 is	 similar	between	 the
two	medications,	 except	 that	 paresthesias	 and	 pruritus	 are	more	 common	with
fosphenytoin.

Fosphenytoin	 is	 a	 water-soluble	 prodrug	 of	 phenytoin.	 After	 absorption,
phenytoin	 is	 cleaved	 off	 fosphenytoin	 (conversion	 half-life	 8–15	 minutes)	 by
phosphatases	in	the	liver,	red	blood	cells,	and	other	tissues.37,39	The	more	rapid
conversion	has	been	observed	in	patients	with	renal	or	hepatic	diseases,	due	 to
the	 decreased	 protein	 binding	 of	 fosphenytoin.	 Because	 it	 is	 water	 soluble
(unlike	phenytoin),	 it	 is	 rapidly	absorbed	by	 the	IM	route.	 It	can	 take	up	 to	15
minutes	for	fosphenytoin	to	be	converted	to	phenytoin,	so	it	is	inappropriate	for
the	 initial	 treatment	 of	 status	 epilepticus.40	 It	 is	 FDA-approved	 for	 the
management	of	status	epilepticus	of	the	tonic-clonic	(grand	mal)	seizures	and	for
the	prevention	 and	 treatment	 of	 seizures	 in	 those	patients	 having	neurosurgery
and/or	head	trauma.	It	is	also	approved	as	an	alternative	to	oral	phenytoin	if	oral
administration	is	not	possible	and/or	contraindicated.

DOSING,	ADMINISTRATION,	AND	MONITORING
It	 is	 imperative	 to	 remember	 that	 the	 dose,	 concentration	 in	 solutions,	 and
infusion	 rates	 for	 fosphenytoin	 are	 expressed	 as	 phenytoin	 sodium	 equivalents
(PE).	 Fosphenytoin	must	 always	 be	 prescribed	 and	 dispensed	 in	 PE.40	 In	 fact,
1.5	mg	of	fosphenytoin	is	equivalent	to	1	mg	of	phenytoin	equivalents	(150	mg
of	fosphenytoin	for	100	mg	of	phenytoin	equivalent).	The	recommended	loading
dose	 of	 IV	 fosphenytoin	 is	 15–20	 mg	 PE/kg	 administered	 at	 100–150	 mg
PE/min.	 The	 target	 concentration	 can	 be	 achieved	within	 1	minute	 via	 the	 IV
route	 and	 by	 24	 minutes	 by	 the	 IM	 route.	 For	 nonemergent	 loading	 and
maintenance	dosing,	10–20	mg	PE/kg	can	be	given.	The	IV	dose	can	be	infused
over	 30	 minutes	 at	 a	 maximum	 rate	 of	 150	 mg	 PE/min.	 The	 initial	 daily



maintenance	dose	is	4–6	mg	PE/kg/day.2,40	The	IM	route	of	fosphenytoin	can	be
administered	as	a	single	daily	dose	on	one	or	two	injection	sites.	A	0.22	micron
filter	during	IV	administration	is	not	needed;	however,	 the	patient	must	still	be
observed	via	a	cardiac	monitor.

Overdoses	 are	 a	 concern	 with	 the	 use	 of	 fosphenytoin	 due	 to	 a	 confusion
between	 the	 mg/mL	 concentration	 of	 fosphenytoin	 expressed	 in	 PE	 (50	 mg
PE/mL)	and	the	total	drug	content	per	vial	(either	100	mg	PE/2	mL	vial	or	500
mg	PE/10	mL	 vial).	 It	 is	 recommended	 to	 indicate	 on	 the	 containers	 the	 total
drug	 content	 rather	 than	 the	 concentration	 in	 mg/mL.	 For	 pediatric	 use,	 it	 is
advised	to	carry	only	the	2	mL	vial.2,41

Cross-reactivity	between	fosphenytoin	and	phenytoin	immunoassays	has	been
reported.	 Fosphenytoin	 displaces	 phenytoin	 from	 albumin	 binding	 sites	 and
transient	 high	 phenytoin	 levels	 have	 been	 reported.	 It	 is	 recommended	 to
monitor	 phenytoin	 levels	 at	 least	 4	 hours	 after	 the	 IM	 administration	 of
fosphenytoin	and	at	least	2	hours	after	the	IV	administration	of	fosphenytoin.39
The	most	accurate	assay	is	high-performance	liquid	chromatography	(HPLC).

The	pharmacokinetic	dosing	calculations	for	fosphenytoin	are	essentially	the
same	 as	 phenytoin.	 The	 only	 difference	 is	 an	 added	 step	 of	 converting
fosphenytoin	to	a	PE.	To	convert	fosphenytoin	to	PE,	use	the	following	formula,
using	a	factor	of	1.5:

Phenytoin	sodium	equivalent	dose	=	Fosphenytoin	dose/1.5
Once	 the	 phenytoin	 sodium	equivalent	 dose	 has	 been	determined,	 it	 can	be

used	to	calculate	for	the	Vmax,	KM,	and	the	new	maintenance	dose.

CASE	24:	CALCULATING	Vmax,	AND	NEW	MAINTENANCE
DOSE	OF	FOSPHENYTOIN
WR	is	a	34-year-old	male	 (62	kg)	who	was	admitted	 to	 the	 ICU	after	a	motor
vehicle	accident	 that	resulted	 in	 traumatic	brain	 injury.	His	neurologist	started
him	on	fosphenytoin	loading	dose	of	1,200	mg,	followed	by	450	mg	IV	infusion
every	12	hours	for	seizure	prophylaxis	5	days	ago.	His	albumin	level	was	3	g/dL,
and	SCr	was	0.6	mg/dL.	His	phenytoin	level	was	4	mg/L	@	37°C.	Determine	if
this	 patient’s	 phenytoin	 level	 is	 at	 steady	 state	 and	 calculate	 for	 a	 new
maintenance	dose.

Step	1:	Calculate	for	the	phenytoin	sodium	equivalent	dose.
Phenytoin	sodium	equivalent	dose	=	Fosphenytoin	dose	÷	1.5	mg



Phenytoin	sodium	equivalent	dose	=	900	mg/day	÷	1.5	mg
Phenytoin	sodium	equivalent	dose	=	600	mg/day

Step	2:	Determine	whether	the	phenytoin	level	was	drawn	at	steady	state
using	the	t90%	formula	before	calculating	for	the	patient-specific	Vmax.	Since
this	patient	has	low	albumin,	the	phenytoin	observed	must	be	corrected
first.

The	t90%	formula	is	based	on	a	70	kg	patient,	so	the	total	daily	dose	must	also
be	 converted	 to	 an	 equivalent	 dose.	 Using	 phenytoin	 sodium	 equivalent
maintenance	dose,	calculate	for	the	equivalent	dose	for	a	70	kg	patient:

Using	the	equivalent	dose	of	phenytoin	sodium	for	a	70	kg	patient,	calculate
for	the	t90%:



Step	3:	If	the	phenytoin	level	was	drawn	5	days	after	starting	the
maintenance	dose	and	the	t90%	is	achieved	in	2.89	days,	then	the	phenytoin
level	is	considered	to	be	at	steady	state.	The	patient-specific	Vmax	can	now
be	calculated.	Again,	the	phenytoin	sodium	equivalent	dose	and	corrected
phenytoin	must	be	used	in	this	formula.

Step	4:	Using	the	patient-specific	Vmax,	calculate	the	new	maintenance	dose.
Note	that	the	salt	factor	used	in	this	equation	is	0.92	because	we	are
calculating	for	the	phenytoin	sodium	equivalent	dose.



Step	5:	Convert	the	phenytoin	sodium	to	fosphenytoin	equivalent	dose.

Step	6:	Determine	the	rate	of	infusion	of	the	new	maintenance	dose.
The	 recommended	 rate	 of	 infusion	 of	 fosphenytoin	 is	 based	 on	 its	 phenytoin
sodium	equivalent	of	100–150	mg/min.	The	new	maintenance	dose	of	600	mg
every	 12	 hours	 of	 fosphenytoin	 is	 equivalent	 to	 400	mg	 of	 phenytoin	 sodium
every	12	hours.	Therefore,	600	mg	of	fosphenytoin	can	be	infused	intravenously
over	3–4	minutes.
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CHAPTER 	16
Extended-Spectrum	Triazole	Antifungals:

Posaconazole	and	Voriconazole

KELLY	E.	MARTIN,	PharmD,	BCPS
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OVERVIEW

Voriconazole	 and	 posaconazole	 are	 broad-spectrum	 triazole	 antifungal	 agents.
They	 decrease	 ergosterol	 synthesis	 by	 interfering	 with	 the	 lanosterol-14α-
demethylase	(P450	enzyme)	activity	leading	to	a	malformation	of	the	fungal	cell
membrane.	These	agents	have	activity	against	most	yeasts,	such	as	fluconazole-
resistant	Candida	 spp.	 and	molds,	 such	 as	Aspergillus	 spp.	 and	Fusarium	 spp.
Unlike	 voriconazole,	 posaconazole	 has	 activity	 against	 the	Mucorales	 order.1,2
Posaconazole	and	voriconazole	play	a	significant	role	in	both	the	prevention	and
treatment	 of	 opportunistic	 invasive	 fungal	 infections,	 especially	 in
immunocompromised	 patients.	 Because	 of	 its	 wide	 spectrum	 of	 activity,
posaconazole	 is	 indicated	 for	prophylaxis	of	 invasive	Aspergillus	 and	Candida
infections	in	patients	who	are	at	high	risk	of	developing	these	infections	due	to
prolonged	 immunosuppression	 after	 stem	 cell	 transplant	 or	 prolonged
neutropenia	after	chemotherapy	for	a	hematologic	malignancy.1,3	Voriconazole	is
considered	 the	 drug	 of	 choice	 for	 treatment	 of	 most	 invasive	 aspergillosis
infections.2,4	 Voriconazole	 is	 also	 approved	 for	 use	 in	 nonneutropenic
candidemia	 and	 as	 salvage	 therapy	 for	 Scedosporium	 apiospermum	 and
Fusarium	 spp.	 infections.2	 Although	 posaconazole	 is	 FDA-indicated	 for	 the
treatment	 of	 refractory	 oropharyngeal	 candididasis,	 the	 suspension	 formulation
also	has	positive	data	to	support	its	use	at	higher	doses	for	the	treatment	of	other
invasive	 fungal	 infections	 including	 mucormycosis	 and	 cryptococcal



infections.5,6	Refer	to	Table	16-1	for	FDA-approved	treatment	and	prophylactic
dosing	 recommendations	 for	 voriconazole	 and	 posaconazole.	To	 date,	 the	 data
for	posaconazole	delayed-release	(DR)	tablets	and	intravenous	formulations	are
limited	to	prophylactic	indications.1	Voriconazole	and	posaconazole	therapeutic
drug	monitoring	(TDM)	can	be	utilized	to	improve	patient	outcomes	and,	in	the
case	of	voriconazole,	to	limit	toxicity.

TABLE
16-1

Pharmacokinetic	Parameters	of	Voriconazole	and
Posaconazole1,2,8,12,15,31,46,47



aPosaconazole	suspension,	4-fold	increase	in	Cmax	and	AUC;	Posaconazole	tablets,	16%	increase	in	Cmax
and	51%	increase	in	AUC
S,	suspension;	T,	tablets:	IV,	intravenous

BIOAVAILABILITY	(F)



Posaconazole	 oral	 suspension	 has	 variable	 bioavailability	 that	 is	 significantly
influenced	 by	 dose	 and	 food	 intake.	This	 formulation	 has	 saturable	 absorption
requiring	a	smaller,	multiple	daily	dosing	schedule	despite	the	drug’s	long	half-
life.	For	example,	dosing	posaconazole	400	mg	every	12	hours	versus	800	mg
once	doubles	the	bioavailability	and	dosing	it	200	mg	every	6	hours	increases	it
by	 nearly	 threefold.	 These	 evaluations,	 however,	 were	 done	 in	 patients	 in	 the
fasted	 state.7	 Administration	 of	 posaconazole	 oral	 suspension	 with	 a	 high-fat
meal	 has	 been	 shown	 to	 increase	 the	 bioavailability	 fourfold	 leading	 to	 the
current	recommendation	to	take	posaconazole	oral	suspension	with	a	fatty	meal.8
Of	 note,	 the	 absorption	 of	 posaconazole	 oral	 suspension	 is	 also	 influenced	 by
suppression	 of	 gastric	 acid	 secretion	 by	 proton-pump	 inhibitors	 and	 prokinetic
agents	such	as	metoclopramide.1	 In	2013,	 the	FDA	approved	a	delayed-release
tablet	 formulation	of	posaconazole.	While	 there	 is	 less	variability	compared	 to
the	 suspension,	 the	 tablets	 should	 also	 be	 taken	 with	 food.	 Pharmacokinetic
studies	have	shown	that	a	high-fat	meal	increases	the	AUC	by	51%.	Unlike	the
suspension,	 the	 tablet	 formulation	 absorption	 is	 not	 affected	 by	 gastric	 acid
suppressors	 or	 gastrointestinal	 motility	 agents.1,9	 Of	 note,	 an	 intravenous
formulation	of	posaconazole	was	approved	by	the	FDA	in	2014.

Voriconazole	 is	 also	 available	 in	 both	oral	 and	 intravenous	 formulations.	 In
healthy	subjects,	voriconazole	has	96	percent	oral	bioavailability	with	the	time	to
maximum	 plasma	 concentration	 (Cmax)	 ranging	 from	 1–2	 hours	 after
administration.2	Oral	voriconazole	should	be	administered	in	the	fasting	state.2,10
Ingestion	of	voriconazole	following	a	high-fat	meal	resulted	in	a	mean	decrease
in	 Cmax	 of	 34	 percent	 and	 58	 percent	 with	 the	 tablet	 and	 oral	 suspension,
respectively.2	 Unlike	 posaconazole,	 medications	 that	 increase	 gastric	 pH	 have
not	been	found	to	impact	voriconazole	absorption.

VOLUME	OF	DISTRIBUTION	(V)

Both	voriconazole	 and	posaconazole	 have	 a	 large	volume	of	 distribution,	with
extensive	 distribution	 from	 the	 plasma	 into	 tissues.	 After	 absorption,
posaconazole	has	a	volume	of	distribution	 that	 ranges	from	5	L/kg	 to	25	L/kg,
allowing	 substantial	 tissue	 penetration.8	 Cerebrospinal	 fluid	 (CSF)	 drug	 levels
are	 low	 compared	 to	 serum	 levels	 (CSF	 to	 plasma	 ratio	 of	 0.004–0.009),
suggesting	poor	penetration	into	the	central	nervous	system	(CNS).	However,	it



is	 postulated	 that	 patients	 with	 CNS	 fungal	 infections	 have	 a	 potentially
compromised	blood-brain	barrier	leading	to	increased	posaconazole	penetration
and	positive	clinical	outcomes.11

At	steady	state,	voriconazole	has	a	volume	of	distribution	estimated	to	range
from	 2	 L/kg	 to	 4.6	 L/kg,	 suggesting	 extensive	 tissue	 distribution.2,12
Voriconazole	 is	 able	 to	 penetrate	 the	 blood-brain	 barrier	 and	 achieve
concentrations	 in	 the	 CSF	 of	 approximately	 50	 percent	 of	 the	 plasma
concentrations.12	 However,	 voriconazole	 concentrations	 in	 the	 brain	 may	 be
even	 higher	 than	 the	 CSF	 as	 shown	 in	 an	 autopsy	 study	 of	 eight	 patients.13
Animal	studies	have	shown	voriconazole	concentrations	to	be	significant	in	the
pulmonary	epithelial	lining	fluid,	which	may	be	of	importance	for	the	treatment
of	 pulmonary	 fungal	 infections.	Voriconazole	 also	 distributes	 into	 intracellular
components	 including	 the	 polymorphonuclear	 leukocytes	 (PMNs).	 It	 has	 been
demonstrated	 that	 concentrations	 within	 the	 PMNs	 may	 be	 up	 to	 8.5	 times
greater	than	the	concentrations	found	in	the	plasma.12

CLEARANCE	(CL)

Posaconazole	and	voriconazole	differ	substantially	in	how	they	are	cleared	from
the	 body.	 About	 15	 percent	 of	 posaconazole	 is	 metabolized	 through
glucoronidation,	 avoiding	 the	 cytochrome	 P450	 (CYP)	 pathway.	 Although
posaconazole	 is	 not	 metabolized	 by	 the	 P450	 (CYP)	 pathway	 it	 is	 a	 potent
inhibitor	 of	 CYP3A4.11,14	 P-glycoprotein	 has	 also	 been	 implicated	 in	 the
excretion	of	posaconazole	because	of	the	increased	drug	concentrations	observed
with	inhibition	of	this	enzyme.8	Fecal	excretion	of	the	parent	drug	accounts	for
77	percent	of	 the	drug’s	elimination,	with	 renal	excretion	playing	a	minor	 role
(metabolites:	13–14%;	parent:	negligible).

Voriconazole	is	both	a	substrate	and	inhibitor	of	the	CYP	enzyme	system.	It	is
primarily	 metabolized	 by	 CYP2C19,	 and	 to	 a	 lesser	 extent	 metabolized	 by
CYP3A4	 and	 CYP2C9.2	 Voriconazole	 displays	 nonlinear	 pharmacokinetics
likely	due	to	saturable	metabolism,	meaning	that	an	increase	in	dose	results	in	a
disproportionate	increase	in	plasma	concentration.12,15	The	major	metabolite	of
voriconazole,	 which	 accounts	 for	 almost	 three-quarters	 of	 all	 voriconazole
metabolites,	 is	 N-oxide.	 N-oxide	 has	 minimal	 antifungal	 activity	 and	 an
unknown	impact	on	toxicity.2,12,16

The	 CYP2C19	 isoenzyme	 exhibits	 genetic	 polymorphism,	 which	 results	 in



poor	 and	 extensive	 metabolizer	 phenotypes	 and	 may	 account	 for	 almost	 50
percent	of	the	variability	in	voriconazole	clearance2,12,16,17	The	poor	metabolizer
phenotype	 is	 found	 in	 15–20	percent	 of	Asian	 populations	 and	3–5	percent	 of
Caucasian	 and	Black	 populations.	 Those	with	 the	 poor	metabolizer	 phenotype
can	 have	 up	 to	 fourfold	 higher	 voriconazole	 concentrations	 compared	 to	 the
homozygous	 extensive	 metabolizer	 phenotype.2,16	 Despite	 this	 known
variability,	no	current	specific	dosing	recommendations	are	based	on	CYP2C19
genotype.2

Less	 than	 2	 percent	 of	 voriconazole	 is	 excreted	 in	 the	 urine	 and	 no	 dose
adjustments	 are	 required	 in	 renal	 dysfunction.	However,	 in	 both	 posaconazole
and	voriconazole	IV	formulations,	the	vehicle,	sulfobutyl	ether	beta-cyclodextrin
sodium	 (SBECD),	 can	 accumulate	 in	 patients	with	 creatinine	 clearance	 (CrCl)
<50	mL/min.1,2,18

ELIMINATION	HALF-LIFE	(T1/2)

Due	 to	 the	 nonlinear	 pharmacokinetics,	 voriconazole	 has	 dose-dependent
elimination.	The	mean	elimination	is	estimated	to	range	6–9	hours	and	increases
after	multiple	doses	compared	to	single	dose	administration.2,12,15

Posaconazole	also	had	a	dose-dependent	half-life,	ranging	20-66	hours,	which
is	decreased	by	prior	hematopoietic	stem	cell	transplantation	and	varies	based	on
formulation	 administered.1,7,11,19	 Table	 16-2	 summarizes	 the	 pharmacokinetic
parameters	of	voriconazole	and	posaconazole.

TABLE
16-2 Voriconazole	and	Posaconazole	Dosing1,2



THERAPEUTIC	CONCENTRATIONS
A	 voriconazole	 exposure-response	 relationship	 has	 been	 established	 through
studies	 in	 which	 lower	 serum	 concentrations	 were	 associated	 with	 a	 lack	 of
clinical	 response,	 progression	 of	 fungal	 infection,	 or	 increased	 breakthrough
fungal	 infections.	 Although	 no	 consensus	 sets	 an	 exact	 lower	 limit	 of	 the
therapeutic	 range,	 studies	 have	 targeted	 voriconazole	 concentrations	 based	 on
the	 minimum	 inhibitory	 concentrations	 (MIC)	 of	 clinically	 relevant	 fungal



pathogens.	 Most	 Candida	 and	 Aspergillus	 species	 have	 an	 MIC90	 of	 0.25–1
mg/L.20,21	 In	general,	 treatment	 success	has	been	associated	with	voriconazole
trough	concentrations	>1	mg/L,	although	some	studies	suggest	targeting	troughs
≥2	mg/L	for	maximal	efficacy.22-24

Because	of	the	erratic	absorption	and	variable	half-life,	determining	a	serum
concentration-to-effect	 relationship	 is	 important	 for	 posaconazole.	 In	 patients
who	are	critically	ill	or	have	undergone	stem	cell	transplantation,	absorption	can
be	decreased,	leading	to	variability	in	serum	concentrations	secondary	to	altered
gastric	mucosa	and/or	decreased	appetite.15	A	number	of	studies	have	attempted
to	characterize	the	concentration-efficacy	relationship.	The	authors	of	one	study
that	evaluated	posaconazole	 in	 the	 treatment	of	 invasive	aspergillosis	 found	75
percent	 of	 patients	 responded	 with	 an	 average	 serum	 concentration	 (Cavg)	 of
1,250	ng/mL	compared	with	only	24	percent	that	responded	with	a	Cavg	of	134
ng/mL.25	Based	on	 these	 findings,	 it	 is	 recommended	 to	 target	 a	 concentration
greater	than	1,000–1,250	ng/mL	when	treating	invasive	fungal	infections.26,27

Studies	 looking	 at	 the	 prophylactic	 effects	 of	 posaconazole	 in
immunocompromised	 patients	 have	 not	 found	 a	 similar	 concentration-effect
relationship.3,28	However,	a	clinical	pharmacology	review	and	logistic	regression
by	the	Food	and	Drug	Administration	(FDA)	found	achieving	a	Cavg	of	less	than
700	ng/mL	was	strongly	predictive	of	an	invasive	fungal	infection.29

TOXIC	CONCENTRATIONS
Voriconazole	 trough	concentrations	should	be	maintained	below	an	upper	 limit
of	 5–5.5	 mg/L	 to	 minimize	 adverse	 events	 including	 hepatotoxicity	 and
neurotoxicity.22-24

A	 posaconazole	 exposure-toxicity	 relationship	 remains	 to	 be	 established.	A
logistic	 regression	 of	 two	 separate	 trials	 by	 the	 FDA	 found	 that	 patients	 with
lower	 serum	 concentrations	 (Cavg	 =	 205	 ±	 105	 ng/mL)	 developed	 fewer
toxicities	compared	to	patients	with	higher	concentrations	(Cavg	=	1,751	ng/mL	±
538	 ng/mL).	 However,	 no	 statistical	 difference	 or	 definitive	 conclusion	 was
made	 regarding	 a	 concentration	 beyond	 which	 posaconazole	 would	 be
considered	toxic.29

DRUG	LEVEL	MONITORING



Monitoring	 of	 voriconazole	 concentrations	 is	 recommended	 for	 assessment	 of
both	 efficacy	 and	 toxicity.	 Variability	 in	 voriconazole	 concentrations	 is
multifactorial	 due	 to	 nonlinear	 pharmacokinetics,	 CYP2C19	 genotype
polymorphisms,	underlying	hepatic	dysfunction,	 drug-drug	 interactions	 as	well
as	 still	 undefined	 factors.	 For	 example,	 a	 recent	 study	 suggested	 that	 oral
voriconazole	doses	are	not	equivalent	to	IV	voriconazole	doses	despite	the	high
bioavailability	 initially	 described	 in	 the	 package	 insert.30	 In	 clinical	 practice,
most	patients	should	receive	voriconazole	therapeutic	drug	monitoring.

Because	 of	 the	 interpatient	 variability	 in	 absorption	 in	 most	 patients—
including	 those	with	graft-versus-host	 disease,	 diarrhea,	 compromised	mucosal
barriers,	decreased	oral	intake	limiting	administration	with	food,	and	gastric	acid
suppression—checking	plasma	concentrations	of	posaconazole	is	recommended
to	assess	for	efficacy.	This	is	particularly	true	of	the	posaconazole	suspension	for
which	absorption	is	most	variable.	It	is	theorized	that	serum	concentrations	may
not	 always	 be	 accurate	 in	 predicting	 the	 therapeutic	 efficacy	 of	 posaconazole
because	of	 the	high	volume	of	distribution	leading	to	a	higher	concentration	in
tissues	 rather	 than	 in	 plasma.15	Although	 not	 incorporated	 in	 clinical	 practice,
concentrations	 in	 isolated	 alveolar	 cells	 and	 intracellular	 measurements	 of
neutrophils	and	monocytes	are	22–67	times	larger	than	plasma	concentrations.26

TIME	TO	DRAW	LEVELS	AND	FREQUENCY,	MONITORING
Voriconazole	 trough	 concentrations	 are	 used	 clinically	 to	monitor	 for	 efficacy
and	 toxicity.	 Due	 to	 the	 nonlinear	 kinetics,	 it	 is	 important	 that	 voriconazole
trough	concentrations	are	measured	at	the	end	of	the	12-hour	dosing	interval	(30
minutes	 to	 1	 hour	 prior	 to	 the	 next	 dose).	 No	 mathematical	 equations	 are
available	 to	extrapolate	a	random	serum	concentration	 that	 is	drawn	during	 the
middle	 of	 the	dosing	 interval.	Concentrations	 should	be	measured	once	 steady
state	 is	 reached	 5–7	 days	 after	 the	 maintenance	 dose	 has	 been	 initiated.15
Although	 steady-state	 concentrations	 can	 be	 reached	 in	 1–2	 days	 following	 a
loading	dose,	it	is	generally	considered	prudent	to	wait	at	least	5	days	to	measure
a	trough	concentration	because	of	variability	in	the	elimination	half-life	that	also
requires	 time	 to	 reach	 steady-state.	 As	 mentioned	 earlier,	 voriconazole	 has
saturable	metabolism	and	the	mean	elimination	half-life	increases	after	multiple
doses.12,15	It	is	also	recommended	to	obtain	a	voriconazole	trough	concentration
at	any	time	during	therapy	if	clinical	failure	is	suspected	or	signs	of	toxicity	are
exhibited.



Due	 to	 posaconazole’s	 long	 half-life,	 the	 frequent	 dosing	 of	 the	 oral
suspension,	and	 the	delayed-release	properties	of	 the	 tablet	 formulation,	 serum
concentrations	can	be	drawn	at	any	time	after	the	drug	has	reached	steady	state
(7–10	days).	Some	limited	evidence	suggests	that	measuring	levels	earlier	(at	3
days)	may	be	predictive	of	steady-state	concentrations.26	Because	it	takes	about
one	week	 to	 reach	 steady	 state	 and	 several	more	 days	 for	most	 institutions	 to
report	level	results,	it	may	be	beneficial	to	assess	a	level	earlier	to	prevent	delay
in	 responding	 to	 a	 level	 that	 is	 subtherapeutic.	 However,	 levels	 should	 be
reassessed	once	steady	state	is	reached.

CASES

CASE	1:	VORICONAZOLE	INTRAVENOUS	(IV)	LOADING
DOSE	AND	MAINTENANCE	DOSE
JS	 is	a	53-year-old	African	American	male	with	a	history	of	HIV	 (most	 recent
CD4	count	<20	cells/mm3)	who	was	admitted	for	right-sided	flank	pain.	He	was
found	 to	 have	 a	 renal	 abscess	 that	 was	 drained	 and	 sent	 for	 culture.	 The
microbiology	 lab	 reported	 Aspergillus	 fumigatus.	 The	 patient	 is	 not	 currently
compliant	with	their	antiretroviral	(ARV)	regimen.	Calculate	a	voriconazole	IV
loading	dose	followed	by	a	maintenance	dose.

Height	=	6′
Weight	=	185	lbs

Step	1:	Calculate	IV	loading	dose.
The	package	insert	recommends	administration	of	an	IV	loading	dose	of	6	mg/kg
for	2	doses	given	12	hours	apart.

For	ease	of	IV	preparation,	the	dose	can	be	rounded	to	500	mg	every	12	hours
for	the	first	24	hours.

Step	2:	Calculate	the	IV	maintenance	dose.



After	24	hours,	the	dose	should	be	reduced	to	the	maintenance	dose	of	4	mg/kg
every	12	hours	administered	intravenously.

Dose	=	84.1	kg	×	4	mg/kg	=	336.4	mg

The	dose	can	be	rounded	to	voriconazole	300	mg	IV	every	12	hours	with	the
recommendation	to	check	a	trough	concentration	on	day	5-7.

CASE	2:	VORICONAZOLE	IV	TO	ORAL	(PO)	CONVERSION
SM	is	a	48-year-old	Caucasian	female	with	chronic	graft-versus-host	disease	on
prolonged	prednisone	treatment	who	is	admitted	to	the	hospital	for	a	productive
cough	 for	 the	 past	 two	 weeks.	 Chest	 CT	 and	 galactomannan	 antigen	 testing
suggest	possible	invasive	pulmonary	aspergillosis.

Height	=	5′1″
Weight	=	83	lbs
She	is	initially	given	a	loading	dose	of	IV	voriconazole	6	mg/kg	on	day	1	and

then	 started	 on	 voriconazole	 150	 mg	 IV	 every	 12	 hours.	 Determine	 an	 oral
maintenance	dose	of	voriconazole	for	this	patient.

Step	1:	Calculate	weight	in	kilograms

Weight	=	83	lbs/2.2	=	37.7	kg

Weight	 is	 important	 for	 oral	 dosing	 despite	 the	 fact	 that	 the	FDA	approved
dosing	is	only	weight-based	when	dosing	intravenous	voriconazole.	The	package
insert	recommends	that	adult	patients	who	weigh	less	than	40	kg	should	receive
half	of	the	oral	maintenance	dose.

Step	2:	Determine	an	oral	maintenance	dosing	regimen	for	treatment	of
invasive	aspergillosis	infection
Two	different	methods	may	be	used	to	determine	a	voriconazole	regimen	for	the
treatment	of	 invasive	aspergillosis	using	the	oral	formulation.	The	regimen	can
be	 determined	 using	 the	 FDA-approved	 fixed	 dosing	 or	 using	 weight	 based
dosing	(similar	to	the	dosing	for	the	IV	formulation).

Although	the	FDA-approved	recommendation	is	to	utilize	standardized	doses
of	200	mg	every	12	hours	when	administering	oral	voriconazole,	data	show	that
this	 dose	 provides	 similar	 exposure	 to	 a	 3	mg/kg	 IV	 dose.	 To	 achieve	 similar
exposure	 to	 a	 4	 mg/kg	 IV	 dose,	 the	 equivalent	 oral	 dose	 is	 300	 mg.2,32	 One



concern	with	using	the	200	mg	oral	dose	is	the	possibility	that	this	dose	will	not
achieve	steady-state	concentrations	greater	than	the	MIC	of	Aspergillus	 species
in	most	patients.	In	a	pharmacokinetic	study	of	42	healthy	male	subjects,	the	200
mg	oral	dose	did	not	maintain	troughs	greater	than	1	mg/L	and	thus	fell	within
subtherapeutic	 concentrations.32	 Additionally,	 a	 study	 using	 pharmacokinetic
modeling	 demonstrated	 that	 oral	 voriconazole	 doses	 result	 in	 lower	 trough
concentrations	when	compared	to	equivalent	intravenous	doses.30	For	example,
the	likelihood	of	achieving	a	voriconazole	trough	concentration	>1	mg/L	with	a
200	mg	intravenous	dose	and	200	mg	oral	dose	was	86	percent	and	60	percent,
respectively.30	 Interestingly,	 this	 study	 suggests	 a	 lower	 oral	 bioavailability	 of
about	60	percent	than	what	has	been	reported	in	the	package	insert.	Because	this
patient	is	being	treated	for	an	invasive	fungal	infection,	it	is	necessary	to	achieve
adequate	 trough	concentrations	 for	maximum	efficacy.	Based	on	 the	 literature,
concentrations	 are	most	 likely	 achieved	with	 an	oral	voriconazole	dose	of	300
mg	every	12	hours.2,30,32	However,	 this	patient	 is	 less	 than	40	kg	and	 thus	 the
dose	should	be	reduced	by	50	percent	to	150	mg	PO	every	12	hours.2

Alternatively,	 many	 practitioners	 utilize	 oral	 weight-based	 dosing	 for
treatment	of	invasive	fungal	infections.	For	this	patient	who	weighs	37.7	kg,	a	4
mg/kg	oral	dose	would	also	result	in	dosing	voriconazole	at	150	mg	PO	every	12
hours.	After	5–7	days	of	oral	dosing,	a	trough	voriconazole	plasma	concentration
should	be	measured.

CASE	3:	SUPRATHERAPEUTIC	VORICONAZOLE	TROUGH
CONCENTRATIONS
DP	 is	 a	 31-year-old	 Asian	 male	 who	 was	 admitted	 for	 an	 autologous
hematopoietic	 stem	 cell	 transplant	 (HSCT).	 On	 day	 3	 following	 HSCT,	 he
developed	 febrile	 neutropenia	 and	 was	 started	 on	 broad-spectrum	 empiric
antibiotics	with	cefepime	and	vancomycin.	After	96	hours,	DP	remained	febrile
at	which	time	empiric	antifungal	treatment	was	initiated.	He	was	given	a	loading
dose	of	voriconazole	6	mg/kg	IV	every	12	hours	for	two	doses	and	then	started
on	voriconazole	200	mg	PO	every	12	hours.	On	day	6	of	voriconazole	therapy,	a
trough	plasma	concentration	was	drawn	30	minutes	before	the	next	dose	was	to
be	given.	The	patient	denied	any	visual	changes	or	disturbances.	Determine	how
to	interpret	and	respond	to	the	voriconazole	plasma	trough	concentration.

Height	=	5′10″
Weight	=	77	kg



Pertinent	medications:	omeprazole	40	mg	PO	daily
Voriconazole	trough:	7.2	mg/L	(therapeutic	range:	1.0–5.5	mg/L)
AST:	20	IU/L
ALT:	15	IU/L
Total	bilirubin:	0.8	mg/dL

Step	1:	Identify	possible	factors	that	may	have	resulted	in	a
supratherapeutic	trough	concentration.
Voriconazole	has	significant	inter-	and	intrapatient	variability,	and	several	factors
may	contribute	to	trough	concentrations	that	fall	outside	of	the	therapeutic	range.
It	 is	 important	 to	 consider	 CYP2C19	 genotype	 polymorphisms,	 drug-drug
interactions,	timing	of	the	trough	concentration,	and	liver	function.

•			CYP2C19	Genotype:	In	clinical	practice,	the	CYP2C19	genotype	is	often
unknown	and	not	a	test	that	is	routinely	ordered	prior	to	initiation	of
voriconazole	therapy.	However,	this	patient	is	known	to	be	of	Asian
descent,	which	means	a	15–20	percent	likelihood	he	carries	the	CYP2C19
polymorphism	that	results	in	the	“poor	metabolizer”	phenotype.	As
discussed	earlier,	this	phenotype	could	result	in	voriconazole
concentrations	fourfold	greater	than	the	“wild	type”	phenotype.

•			Drug-Drug	Interactions:	Medications	that	are	CYP2C19	inhibitors,	such
as	oral	contraceptives	containing	ethinyl	estradiol,	can	result	in	increased
voriconazole	plasma	concentrations.	In	this	case,	the	patient	is	receiving
omeprazole	40	mg	PO	daily,	which	is	a	known	CYP2C19	inhibitor.
Studies	conflict	regarding	the	clinical	impact	of	this	drug-drug
interaction.2,22,30,33-35	With	the	supratherapeutic	trough,	it	would	be
prudent	to	change	therapy	from	omeprazole	to	an	H2-receptor	antagonist,
if	the	omeprazole	is	not	specifically	indicated.	Of	note,	the	package	insert
does	not	recommend	any	initial	adjustments	to	voriconazole	dose	when
coadministered	with	omeprazole.2	Therefore,	omeprazole	does	not	need	to
be	discontinued	when	voriconazole	is	coadministered,	unless	it	is
suspected	the	drug-drug	interaction	is	leading	to	supratherapeutic
voriconazole	concentrations	or	voriconazole	toxicities.

•			Liver	function:	In	this	case,	the	patient	has	normal	liver	function	tests
(LFTs),	making	it	unlikely	to	be	a	factor	contributing	to	the
supratherapeutic	voriconazole	concentration.	As	voriconazole	is
hepatically	metabolized,	diminished	liver	function	can	result	in	reduced



clearance	of	the	drug.

Step	2:	Determine	an	appropriate	voriconazole	dose	adjustment	based	on
the	plasma	trough	concentration.
Voriconazole	 dose	 adjustments	 based	 on	 therapeutic	 drug	monitoring	 have	 not
been	 well-defined.	 With	 a	 supratherapeutic	 concentration,	 the	 first	 thing	 to
consider	 is	 whether	 the	 patient	 is	 experiencing	 any	 toxicity.	 In	 this	 case,	 the
patient	does	not	have	visual	disturbances	and	LFTs	are	within	normal	limits.	Due
to	 the	 nonlinear	 pharmacokinetics	 and	 other	 potential	 factors	 that	 may	 be
affecting	 the	 plasma	 concentrations	 such	 as	 CYP2C19	 polymorphisms,	 it	 is
difficult	 to	 predict	 the	 impact	 of	 a	 dose	 adjustment	 on	 the	 resulting
concentration.	 The	 package	 insert	 recommends	 reducing	 the	 dose	 by	 50	 mg
increments.2	A	decrease	to	oral	voriconazole	150	mg	every	12	hours	followed	by
another	 trough	 concentration	 in	 5–7	 days	 would	 be	 appropriate.	 Studies	 have
shown	significant	intrapatient	variability,	so	some	practitioners,	in	the	absence	of
toxicities,	would	consider	repeating	the	trough	concentration	or	waiting	5–7	days
following	 discontinuation	 of	 the	 omeprazole	 and	 then	 repeating	 the	 trough
concentration.

CASE	4:	VORICONAZOLE	DOSING	IN	AN	OBESE	PATIENT
EK	 is	 a	 63-year-old	 Caucasian	 female	 who	 was	 admitted	 for	 erythematous
nodules	 on	 her	 left	 knee,	which	worsened	 in	 the	 last	 four	weeks	 and	have	 not
responded	to	outpatient	oral	antibiotics.	The	patient	reports	falling	and	scraping
her	left	knee	about	seven	months	ago.	The	skin	lesions	are	biopsied	and	sent	for
bacterial	 and	 fungal	 culture.	 The	 microbiology	 lab	 reports	 the	 cultures	 grew
Scedosporium	apiospermum.	Past	medical	history	includes	rheumatoid	arthritis,
hypertension,	 and	 hyperlipidemia.	 Her	 medications	 include	 etanercept	 50	 mg
subcutaneously	 once	weekly,	 hydrochlorothiazide	25	mg	daily,	 and	 simvastatin
10	mg	every	evening.

Height	=	5′3″
Weight	=	84	kg

Step	1:	Determine	the	patient’s	body	mass	index	(BMI)	and	whether	the
patient	is	clinically	obese.

BMI	=	weight	(kg)/[height	(m)]2

Convert	inches	to	meters:	63	inches	×	2.54	=	160.02	cm	=	1.6	m



BMI	=	84	kg/(1.6	m)2	=	32.8	kg/m2

This	 patient	 is	 considered	 to	 be	 obese	 with	 a	 BMI	 ≥30.	 Alternatively,	 a
second	method	is	sometimes	used	to	determine	whether	a	patient	is	overweight.
Clinically,	it	may	be	considered	that	a	patient	is	obese	if	the	actual	body	weight
is	>130	percent	of	the	ideal	body	weight	(IBW).

The	patient	weighs	84	kg,	which	is	160	percent	of	her	ideal	body	weight	and
thus	the	patient	can	be	considered	clinically	obese	using	this	method.

Step	2:	Calculate	a	weight-based	intravenous	voriconazole	dosing	regimen.
The	manufacturer	does	not	make	any	recommendations	regarding	the	use	of	oral
or	 IV	 voriconazole	 in	 obese	 patients,	 and	 only	 limited	 studies	 have	 been
done.2,36-38	 A	 pharmacokinetic	 study	 conducted	 in	 obese	 volunteers	 (median
BMI	 =	 46.2	 kg/m2)	 found	 the	 volume	 of	 distribution	 and	 clearance	 of	 oral
voriconazole	 was	 similar	 in	 obese	 and	 nonobese	 individuals.36	 This	 finding
suggests	 that	 using	weight-based	doses	 calculated	using	 actual	 body	weight	 in
obese	 individuals	 could	 result	 in	 supratherapeutic	 concentrations.	 Studies	 in
obese	 patients	 have	 shown	 that	 IV	 doses	 result	 in	 significantly	 higher
voriconazole	concentrations	when	compared	to	nonobese	patients.37,38	With	the
current	 information	available,	 it	would	be	prudent	 to	use	adjusted	body	weight
when	dosing	voriconazole	in	obese	patients.36-38

Calculate	adjusted	body	weight:	IBW	+	0.4	(TBW	–	IBW)

Adjusted	body	weight:	52.4	kg	+	0.4	(84	kg	–	52.4	kg)	=	65.04	kg

Using	 an	 adjusted	 body	 weight	 of	 65	 kg,	 calculate	 the	 loading	 and
maintenance	dose:



Administer	260	mg	IV	q12h.

CASE	5:	INTRAVENOUS	VORICONAZOLE	DOSING	IN
RENAL	DYSFUNCTION
TK	is	a	62-year-old	Hispanic	female	with	uncontrolled	type	2	diabetes	mellitus
and	 rheumatoid	 arthritis	 on	 chronic	 steroids	who	 presented	with	 a	 two-month
history	of	right	ear	pain	and	purulent	nasal	discharge.	Over	the	past	week,	the
pain	 has	 become	 progressively	 worse	 and	 she	 has	 begun	 to	 develop	 severe
headaches.	A	CT	scan	of	the	sinuses	showed	enhanced	soft	tissue	density	in	the
left	maxillary	sinus	and	biopsies	were	obtained	from	the	nasal	and	sinus	walls.
Bacterial	 cultures	were	 negative.	 Fungal	 cultures	 grew	 Aspergillus	 fumigatus.
The	 patient	 was	 taken	 to	 surgery	 for	 debridement	 and	 started	 on	 IV
voriconazole.
Past	 medical	 history	 includes	 uncontrolled	 diabetes	 mellitus	 (HgbA1C	 on

admission:	 12.4%),	 rheumatoid	 arthritis,	 chronic	 kidney	 disease,	 and
hypertension.	Her	serum	creatinine	is	1.4	(baseline	1.3–1.5).

Height	=	5′4″
Weight	=	60	kg
IBW	=	54.7	kg

Step	1:	Calculate	the	patient’s	creatinine	clearance	using	the	Cockcroft-
Gault	equation.

ClCr	=	[(140	–	Age)(Weight)]/[(72)(SCr)]	×	(0.85,	if	female)

The	patient’s	creatinine	clearance	is	36	mL/minute,	using	ideal	body	weight.

Step	2:	Determine	a	therapeutic	regimen	that	includes	an	IV	voriconazole
loading	dose	and	maintenance	dose	that	will	minimize	toxicity	in	this
patient.
Voriconazole	is	metabolized	through	the	cytochrome	P450	enzyme	system,	and



concentrations	 are	 unaffected	 by	 renal	 insufficiency.	However,	 the	 solubilizing
vehicle	 for	 IV	 voriconazole,	 called	 sulfobutyl	 ether	 beta-cyclodextrin	 sodium
(SBECD),	 is	 cleared	at	 the	 same	 rate	as	glomerular	 filtration,	 and	 therefore,	 is
known	 to	 accumulate	 during	 renal	 insufficiency.39	 The	 toxicity	 of	 SBECD	 in
animal	 models	 has	 been	 found	 to	 be	 low.	 In	 rats,	 borderline	 renal	 toxicity
occurred	due	to	massive	cellular	vacuolation	at	extremely	large	SBECD	doses	of
3,000	 mg/kg.	 In	 dogs,	 SBECD	 doses	 up	 to	 1,500	 mg/kg	 did	 not	 produce
histopathological	signs	of	nephrotoxicity.	Of	note,	for	a	70	kg	person	receiving	a
200	 mg	 intravenous	 dose	 of	 voriconazole,	 the	 exposure	 of	 SBECD	 is
approximately	45	mg/kg	(which	is	55	times	less	than	the	SBECD	dose	found	to
be	 toxic	 in	 rats).39,40	The	prescribing	 information	 suggests	 that	patients	with	 a
creatinine	 clearance	 <50	 mL/minute	 should	 receive	 maintenance	 therapy	 with
oral	 voriconazole	 to	 avoid	 potential	 nephrotoxicity	 from	 SBECD
accumulation.2,40	 Several	 recent	 retrospective	 studies	 in	 patients	 receiving
intravenous	 voriconazole	 for	 a	 course	 of	 approximately	 7	 days	 found	 no
significant	 incidence	 of	 renal	 toxicity.41-43	 Of	 note,	 intravenous	 posaconazole
also	contains	SBECD.1,18	Using	actual	body	weight,	this	patient	should	receive
voriconazole	360	mg	IV	(6	mg/kg)	 loading	dose	every	12	hours	 for	 the	 first	2
doses	 and	 then	 voriconazole	 240	mg	 IV	 (4	mg/kg)	 every	 12	 hours.	 Once	 the
patient	recovers	from	surgery	and	has	good	oral	intake,	the	voriconazole	should
be	changed	from	IV	to	PO	with	a	trough	concentration	measured	at	steady	state.

CASE	6:	VORICONAZOLE	DOSING	IN	HEPATIC
DYSFUNCTION
ME	is	a	53-year-old	male	admitted	for	recurrent	brain	abscess	on	MRI.	He	has	a
known	history	of	CNS	aspergillosis	following	a	traumatic	brain	injury	resulting
in	a	craniotomy	and	VP	shunt.	It	is	determined	the	patient	will	require	another
course	 of	 voriconazole.	 He	 has	 some	 underlying	 hepatic	 dysfunction	 due	 to
chronic	alcohol	abuse.	He	has	no	ascites	or	hepatic	encephalopathy.

Pertinent	labs:
AST:	34	IU/L
ALT:	43	IU/L
Total	bilirubin:	2.3	mg/dL
Albumin:	2.8	g/dL
INR	1.2



Step	1:	Calculate	the	Child-Pugh	score.

Explanation	of	Result:	Class	A:	5–6	points,	Class	B:	7–9	points,	Class	C:	10–15	points

This	patient	would	receive	2	points	for	a	total	bilirubin	between	2–3	mg/dL,	2
points	for	serum	albumin	between	2.8–3.5	g/dL,	1	point	for	an	INR	<1.7,	1	point
for	the	absence	of	ascites,	and	1	point	for	the	absence	of	hepatic	encephalopathy.
The	total	score	is	7,	which	means	the	patient	falls	into	Child-Pugh	Class	B.

Step	2:	Determine	a	voriconazole	dosing	regimen	based	on	the	Child-Pugh
classification.
The	prescribing	information	recommends	a	standard	loading	dose	followed	by	a
50	 percent	 reduction	 in	 the	 maintenance	 dose.2	 Therefore,	 this	 patient	 should
receive	a	maintenance	dose	of	2	mg/kg	IV	every	12	hours.	Liver	function	tests
and	voriconazole	trough	concentrations	should	be	carefully	monitored.

CASE	7:	POSACONAZOLE	DOSE	ADJUSTMENT	BASED	ON
LOW	PLASMA	LEVELS
DT	 is	 a	 49-year-old	 female	 with	 a	 history	 of	 chronic	 kidney	 disease	 who
underwent	 hematopoietic	 stem	 cell	 transplantation	 for	 acute	myeloid	 leukemia
three	 months	 ago	 and	 is	 admitted	 to	 the	 inpatient	 transplant	 service	 with
progressive	 hypoxia	 and	 a	 temperature	 of	 102°F.	 On	 admission,	 medications
included	 tacrolimus,	 prednisone	 for	 graft-versus-host	 disease	 of	 the
gastrointestinal	 tract,	 posaconazole	 200	 mg	 every	 8	 hours	 for	 prophylaxis	 of
invasive	 fungal	 infections,	and	phenytoin	 for	a	history	of	 seizures.	A	computed



tomography	 (CT)	 scan	 of	 her	 chest	 revealed	 new	 multifocal	 patchy	 opacities
involving	all	lobes	of	the	right	lung	and	the	left	lower	lobe.	The	radiology	report
also	 noted	 adjacent	 tree-in-bud	 opacities	 in	 the	 right	 upper	 lobe	 likely
representing	endobronchial	 spread	of	 infection	or	mucoid	 impaction.	Based	on
this	probable	fungal	aspergillosis,	the	inpatient	team	increases	the	posaconazole
dose	to	400	mg	every	12	hours.	The	physician	team	asks	the	following	questions:

QUESTION	1

Should	serum	concentrations	be	drawn	for	this	patient?	If	so,	when	are	they	to
be	drawn?

Answer:
Compromised	 integrity	 of	 the	 mucosal	 barrier,	 diarrhea,	 poor	 oral	 intake,	 or
concomitant	medications	that	interfere	with	absorption	or	clearance	contribute	to
inter-	 and	 intrapatient	 differences	 in	 serum	 concentrations	 of	 posaconazole.
Although	 not	 definitive,	 a	 relationship	 has	 been	 established	 between
posaconazole	 serum	 concentrations	 and	 efficacy	 in	 the	 treatment	 of	 invasive
aspergillosis.	This	relationship	was	best	characterized	by	Walsh	and	colleagues
who,	through	a	logistic	regression	model,	concluded	the	lower	efficacy	quartile
of	patients	had	lower	concentrations	compared	to	the	upper	quartile	(1st	quartile,
24%	 responders:	 Cavg	 =	 134	 ng/mL	 vs.	 4th	 quartile,	 75%	 responders:	 Cavg	 =
1,250	ng/mL).25	Although	 the	 data	 for	 checking	 serum	 concentrations	 are	 less
clear	for	prophylaxis,	it	is	recommended	in	the	treatment	setting.26,27

Because	of	posaconazole’s	long	half-life	(15–35	hours),	it	takes	roughly	one
week	to	reach	steady	state.8	Therefore,	 levels	should	be	drawn	7–10	days	after
initiation	of	 therapy	or	a	dose	change.	Levels	can	be	drawn	at	any	time	during
the	dosing	interval	given	the	repeated	dosing	and	long	half-life	of	posaconazole.
It	has	been	suggested	that	early	monitoring	of	levels	can	be	predictive	of	steady-
state	concentrations	and	would	allow	for	earlier	interventions	to	help	increase	or
decrease	 serum	 concentrations,	 but	 would	 not	 replace	 serum	 concentration
monitoring	after	the	patient	has	reached	steady	state.26

QUESTION	2



What	posaconazole	serum	concentration	should	be	targeted?

Answer:
Based	on	the	study	by	Walsh	and	colleagues,	a	logistic	regression	can	be	plotted
(Figure	16-1).	An	R2	of	0.87	indicates	a	relatively	strong	concentration-efficacy
relationship.	A	target	posaconazole	concentration	of	at	least	1,000–1,250	ng/mL
would	be	expected	to	be	efficacious	in	about	65–75	percent	of	patients.25-27

FIGURE	16-1.	Logistic	regression	indicating	a	relatively	strong	concentration-efficacy	relationship.

QUESTION	3
If	the	level	is	found	to	be	subtherapeutic,	how	should	the	team	proceed?



Answer:

Step	1:	Switch	the	antifungal	agent.
In	 this	 case,	 the	 patient	 is	 being	 treated	 for	 invasive	 aspergillosis	 and	 the	 first
step	should	be	 to	consider	switching	 the	antifungal	agent.	Amphotericin	B	and
voriconazole	 are	both	options	 for	 treatment	of	 invasive	 aspergillosis;	 however,
voriconazole	would	be	preferred	 in	 this	patient	based	on	 superior	 efficacy	and
tolerability	data.4	In	addition,	the	patient	has	a	history	of	chronic	kidney	disease,
making	amphotericin	B	an	unfavorable	option.

Step	2:	Consider	switching	to	posaconazole	delayed-release	tablets	or
intravenous	formulations.
In	 November	 2013,	 the	 FDA	 approved	 a	 tablet	 formulation	 of	 posaconazole
based	 on	 pharmacokinetic	 data	 which	 showed	 higher	 plasma	 concentrations
compared	to	the	oral	suspension.	Duarte	and	colleagues	evaluated	posaconazole
levels	in	high-risk	patients	who	were	given	posaconazole	tablets	(taken	without
regard	to	food)	for	prophylaxis	of	invasive	fungal	infections.	The	authors	found
that	 patients	 who	 took	 posaconazole	 tablets	 at	 doses	 of	 200	 mg	 and	 300	 mg
orally	 once	 daily	 had	 steady	 state	 concentrations	 of	 951	 and	 1,460	 ng/ml
respectively.	Of	note,	patients	did	 receive	a	 loading	dose	of	200-300	mg	 twice
daily	 for	 two	 doses.44	 Another	 option	 would	 be	 to	 consider	 switching	 to	 IV
posaconazole	 to	 avoid	 issues	 of	 absorption,	 particularly	 in	 this	 patient	 with
GVHD	 of	 the	 gastrointestinal	 tract.	 It	 is	 important	 to	 highlight	 that	 the	 FDA
approval	 of	 the	 delayed-release	 tablets	 and	 IV	 formulations	 and	 the	 available
data	in	patients	is	for	prophylaxis	of	invasive	fungal	infection	and	not	treatment.
Because	this	patient	has	probable	fungal	aspergillosis,	switching	to	voriconazole
would	 be	 the	 preferred	 approach	 until	 further	 data	 supporting	 the	 use	 of
posaconazole	 DR	 tablets	 or	 IV	 infusion	 for	 the	 treatment	 invasive	 fungal
infections	is	available.

Step	3:	Ensure	administration	with	a	high-fat	meal	and	inspect	for	drug-
drug	interactions.
Several	medications	that	induce	the	uridine	diphosphate	glucuronidation	(UDP)
pathway,	 such	 as	 phenytoin,	 rifampin,	 and	 efavirenz,	 result	 in	 increased
excretion	of	 posaconazole.1	Because	 this	 patient	 is	 on	 phenytoin,	 the	 clinician
should	consider	an	alternative	antiepileptic.

Step	4:	Fractionate	the	posaconazole	suspension	dose.



Dosing	 posaconazole	 suspension	 at	 200	mg	 every	 6	 hours	 instead	 of	 400	mg
every	12	hours	has	been	shown	to	result	in	increased	serum	concentrations.10	All
patients	being	treated	for	invasive	aspergillosis	should	be	dosed	at	200	mg	every
6	 hours	 until	 they	 reach	 steady	 state,	 after	 which	 the	 12-hour	 dosing	 can	 be
used.27

Step	5:	Increase	the	dose	of	posaconazole	suspension.
If	 posaconazole	 has	 to	 be	 used	 (i.e.,	 in	 the	 setting	 of	 mucormycosis	 with	 a
contraindication	 to	 amphotericin	 B),	 careful	 thought	 must	 be	 given	 to	 dose
escalation	 in	 response	 to	 a	 low	 serum	 concentration.	 Based	 on	 the	 available
literature,	only	poor	evidence	suggests	that	increasing	the	dose	of	posaconazole
would	 lead	 to	 higher	 serum	 concentrations.	 The	 absorption	 of	 posaconazole
beyond	800	mg	per	day	is	believed	to	reach	saturation.	One	small	study	in	solid
organ-transplant	 patients	 found	 that	 although	 increasing	 the	 daily	 dose	 of
posaconazole	 to	 1,200	 mg	 per	 day	 resulted	 in	 no	 subsequent	 increase	 in
concentrations,	 a	 daily	 dose	 of	 1,600	 mg	 in	 three	 patients	 resulted	 in	 serum
concentrations	 >1,000	 ng/mL.	 It	 should	 be	 noted,	 however,	 that	 these	 patients
experienced	gastrointestinal	toxicity	and	hepatic	enzyme	elevation.45	Because	of
the	 poor	 data,	 increasing	 the	 dose	 of	 posaconazole	 suspension	 beyond	 the
recommended	dosing	of	200	mg	every	6	hours	should	be	considered	a	last	resort.

CASE	8:	POSACONAZOLE	ADMINISTRATION	WITH	FOOD
IB	 is	 a	 59-year-old	 Caucasian	 female	 who	 is	 admitted	 for	 complaints	 of
spontaneous	nose	bleeds	and	unexplained	upper	extremity	ecchymosis.	A	workup
reveals	a	new	diagnosis	of	acute	myeloid	leukemia,	and	induction	chemotherapy
is	 emergently	 started.	 She	 completes	 a	 course	 of	 7	 days	 of	 chemotherapy,
including	 3	 days	 of	 idarubicin	 and	 7	 days	 of	 cytarabine.	 She	 completes	 her
course	 of	 chemotherapy	 without	 complication	 and	 is	 started	 on	 routine
antibacterial,	antifungal,	and	antiviral	prophylaxis	with	levofloxacin	500	mg	PO
daily,	posaconazole	200	mg	PO	tid,	and	valacyclovir	500	mg	PO	daily.	Twelve
days	after	 the	 initiation	of	chemotherapy,	her	absolute	neutrophil	count	 (ANC)
nadirs	 at	 0.0/mm3	 and	 IB	 begins	 to	 complain	 of	 mild	 mucositis	 and	 mild
respiratory	 symptoms.	 One	 week	 after	 starting	 antifungal	 prophylaxis,	 a
posaconazole	 level	 is	 checked	 and	 comes	 back	 at	 735	 ng/mL.	 You	 resume
therapy	 with	 no	 changes.	 However,	 a	 couple	 of	 days	 later,	 IB	 complains	 of
worsening	mouth	pain.	Upon	examination	you	notice	worsened	mouth	sores	and
IB	reports	that	she	has	not	been	able	to	maintain	the	same	oral	intake.	Given	her



worsening	 mucositis	 and	 mild	 respiratory	 symptoms,	 you	 decide	 to	 check
another	 posaconazole	 level	 to	 ensure	 it	 remains	 therapeutic.	 The	 level	 results
back	at	589	ng/mL.	Her	ANC	remains	0.0/mm3.

QUESTION

What	is	your	assessment	of	this	level,	and	what	recommendations	do	you	have	at
this	time?

Answer:
IB’s	posaconazole	was	initially	appropriate	for	the	prophylactic	indication	(>700
ng/mL),	 but	 has	 now	 become	 subtherapeutic.	 It	 should	 be	 noted	 that	 IB	 has
developed	 progressively	 worsening	 mucositis	 that	 is	 compromising	 her	 oral
intake.	 Posaconazole	 absorption	 and	 systemic	 exposure,	 particularly	 with	 the
oral	 suspension,	 is	 largely	 dependent	 upon	 administration	 with	 or	 following
food,	particularly	food	of	high-fat	content.1,31

Step	1:
One	 should	 consider	 switching	 this	 patient	 to	 posaconazole	 delayed-release
tablets.	Based	on	pharmacokinetic	studies	available	to	date,	adequate	absorption
of	 the	 tablets	 is	 less	 dependent	 on	 the	 administration	with	 food.	 The	 package
labeling	 recommends	 administering	 with	 food	 as	 there	 was	 a	 16%	 and	 51%
increase	in	Cmax	and	AUC,	respectively	when	the	tablet	was	administered	with
a	 high-fat	 content	 meal.	 However,	 this	 impact	 is	 far	 less	 than	 the	 3-4-fold
increase	 in	 Cmax	 and	 AUC	 seen	 when	 posaconazole	 oral	 suspension	 is
administered	 with	 food.	 Additionally,	 there	 are	 data	 that	 suggest	 increased
plasma	concentrations	with	the	tablet,	even	when	administered	without	regard	to
food,	compared	to	the	oral	suspension.44	Thus,	the	tablet	formulation	would	be
an	 attractive	 alternative	 for	 IB.	 Posaconazole	 plasma	 concentration	 should	 be
obtained	 at	 least	 6	 days	 after	 the	 switch	 to	 the	 tablet	 formulation	 to	 ensure
adequate	drug	levels.

Step	2:
If	 IB’s	mucositis	 impairs	her	 ability	 to	 swallow	pills	making	administration	of
tablets	challenging,	then	factors	influencing	absorption	of	the	suspension	should
be	addressed.



A	 study	 evaluating	 exposure	 of	 the	 posaconazole	 oral	 suspension	 under
various	gastric	conditions	compared	posaconazole	alone	or	in	combination	with
a	nutritional	supplement	(Boost®).	When	administered	with	the	supplement,	the
Cmax	and	AUC	of	a	single	200	or	400	mg	dose	increased	by	65	percent	and	66
percent,	 respectively.	 Exposure	 was	 also	 assessed	 when	 posaconazole	 was
administered	before,	with,	or	after	a	high-fat	meal.	While	Cmax	and	AUC	were
both	increased	with	administration	prior	to	meals,	the	greatest	increase	occurred
during	or	after	meals	by	up	to	339	percent	and	387	percent,	respectively.46

Another	 randomized	 single-dose	 study	 had	 consistent	 findings.	 Oral
posaconazole	 suspension	was	 administered	 after	 a	 10-hour	 fast,	 with	 a	 nonfat
breakfast,	 or	with	 a	 high-fat	meal.	Relative	 to	 the	 fasting	 state,	 administration
with	 a	 nonfat	 meal	 enhanced	 exposure.	 However,	 increases	 in	 exposure	 were
greatest	when	administered	with	a	high-fat	meal,	with	mean	 increases	 in	AUC
and	Cmax	of	about	400	percent.47

IB’s	oral	intake	should	be	assessed.	Encouraging	meals	as	tolerated	will	aid	in
absorption	of	posaconazole.	Ideally,	she	should	be	encouraged	to	consume	food
of	high-fat	content	with	each	meal.	If	unable	to	tolerate	a	solid	diet,	nutritional
supplementation	 (e.g.,	 Boost,	 Ensure,	 etc.)	 with	 each	 dose	 of	 posaconazole
should	be	recommended.	Posaconazole	levels	should	continue	to	be	followed	to
assess	 for	 adequate	 exposure.	 Mucositis	 has	 also	 been	 shown	 to	 reduce
posaconazole	 exposure,	 but	 was	 not	 found	 to	 significantly	 affect	 mean	 total
posaconazole	 exposure	 (AUC	 and	 Cmax)	 at	 steady	 state.	 The	 reduction	 in
exposure	from	mucositis	was	overcome	by	increasing	the	total	dose	and	dosing
frequency	of	posaconazole.48	Since	IB’s	mucositis	will	likely	not	improve	until
her	 ANC	 begins	 to	 recover,	 its	 severity	 should	 be	 assessed.	 Thus,	 increasing
posaconazole	 to	 200	 mg	 PO	 qid	 would	 be	 a	 reasonable	 option	 to	 achieve
adequate	levels	in	the	setting	of	mucositis	and	persistently	subtherapeutic	levels.
Posaconazole	plasma	concentration	should	be	drawn	in	7–10	days	after	the	dose
increase	to	assess	achievement	of	a	therapeutic	level.

Step	3:
If	 IB’s	 mucositis	 continues	 to	 compromise	 her	 oral	 intake	 to	 the	 point	 that
subsequent	posaconazole	levels	continue	to	be	subtherapeutic	with	oral	therapy,
switching	to	IV	posaconazole	would	be	an	appropriate	intervention.1

CASE	9:	POSACONAZOLE	AND	DRUG-DRUG
INTERACTIONS



KL	is	a	63-year-old	Caucasian	male	with	a	past	medical	history	significant	for
poorly	 controlled	 diabetes	 mellitus	 complicated	 by	 diabetic	 gastroparesis	 and
neuropathy,	 hypertension,	 and	 rheumatoid	 arthritis	 requiring	 chronic	 steroids.
He	presents	to	the	ED	complaining	of	a	3-day	history	of	progressive	shortness	of
breath	and	cough.	He	 reports	 that	he	 finally	made	a	decision	 to	come	 in	after
having	 two	episodes	of	hemoptysis	 in	 the	 last	24	hours.	A	chest	CT	revealed	a
right	upper	 lobe	consolidation	and	 lobar	cavitary	 lesion	concerning	 for	 fungal
pneumonia.	Respiratory	 cultures	were	 sent	 and	 broad-spectrum	antimicrobials
were	 initiated	 including	voriconazole.	However,	after	48	hours	without	clinical
improvement,	a	bronchoscopy	was	performed	and	bronchoalveolar	lavage	(BAL)
cultures	 grew	Mucor	 spp.	A	 diagnosis	 of	 pulmonary	mucormycosis	was	made,
and	 KL	 was	 switched	 to	 posaconzole	 oral	 suspension	 200	 mg	 PO	 qid	 for
treatment.	KL’s	other	medications	include:

Omeprazole	20	mg	PO	daily
Methotrexate	7.5	mg	PO	weekly
Prednisone	10	mg	PO	daily
Metformin	1,000	mg	PO	twice	daily
Lantus	40	units	sq	at	bedtime
Lisinopril	20	mg	PO	daily
Hydrochlorothiazide	25	mg	PO	daily
Metoclopramide	with	10	mg	PO	each	meal	and	at	bedtime
Gabapentin	300	mg	PO	three	times	daily

QUESTION	1
A	level	after	96	hours	of	posaconazole	therapy	is	reported	as	735	ng/mL.	What	is
your	assessment	of	this	level?

Answer:
The	 level	 is	 subtherapeutic	given	 the	previously	discussed	 target	 concentration
of	 1,000	 –	 1,250	 ng/mL	 for	 treatment	 doses	 of	 posaconazole.	 However,
posaconazole	 achieves	 steady	 state	 after	 approximately	 7–10	 days	 of	 therapy.
Therefore,	the	level	drawn	after	only	4	days	of	therapy	is	premature	for	accurate
steady-state	 interpretation.1,31	 As	 previously	 mentioned,	 levels	 drawn	 prior	 to



steady	 state	 may	 be	 predictive	 of	 steady-state	 concentrations.26	 In	 this	 case,
clinical	 judgment	 would	 be	 necessary	 to	 assess	 the	 trend	 of	 the	 posaconazole
level.	 KL’s	 level	 is	 indicative	 of	 accumulation	 of	 some	 drug,	 but	 has	 not
necessarily	 reached	 a	 therapeutic	 concentration	 for	 treatment.	 An	 appropriate
assessment	here	would	be	that	given	an	additional	72–96	hours	of	posaconazole
therapy,	 KL’s	 levels	 could	 potentially	 continue	 to	 accumulate	 to	 a	 therapeutic
concentration.	Thus,	a	modification	to	KL’s	regimen	at	this	point	in	time	is	not
necessary.	 However,	 in	 the	 case	 that	 levels	 return	 profoundly	 subtherapeutic
(e.g.,	200–300	ng/mL)	after	72–96	hours	of	dosing,	a	fair	assessment	would	be
that	 the	 patient	 is	 not	 on	 an	 appropriate	 trajectory	 to	 reach	 therapeutic
concentrations	 at	 steady	 state	 and	 a	 modification	 to	 the	 regimen	 would
potentially	be	warranted	after	ensuring	the	absence	of	other	contributing	factors
that	 could	 account	 for	 such	 low	 levels	 (e.g.,	 interacting	medications	 and	 poor
oral	 intake	as	discussed	 later).	 In	either	case,	one	should	repeat	a	 level	after	at
least	7	days	of	therapy	to	assess	steady-state	concentrations.1,31

QUESTION	2

Another	 level	 is	 drawn	 one	 week	 after	 initiation	 of	 posaconazole	 and	 is	 873
ng/mL.	What	is	your	assessment	of	this	level?

Answer:
The	posaconazole	level	is	still	subtherapeutic.	However,	it	should	be	noted	that
KL	 is	 on	 concomitant	 medications	 that	 could	 account	 for	 persistently
subtherapeutic	levels	and	suboptimal	treatment.

The	 absorption	 of	 posaconazole	 suspension	 is	 highly	 dependent	 on
maintaining	 an	 acidic	 gastric	 pH.	 Thus,	 omeprazole	 therapy	 as	 GI	 protection
from	 chronic	 steroid	 therapy	 in	 KL	 presents	 an	 interaction	 that	 can	 lead	 to
decreased	 serum	 concentrations	 of	 posaconazole	 when	 using	 the	 oral
suspension.1,49	However,	gastric	acid	reducers	and	gastric	motility	agents	do	not
have	 a	 significant	 impact	 on	 the	 absorption	 of	 posaconazole	 delayed-release
tablets.	 Thus,	 if	 acid-suppressing	 and	 gastric	 motility	 therapy	 is	 indicated,
switching	 KL	 to	 the	 posaconazole	 tablets	 300	 mg	 PO	 BID	 for	 the	 first	 day
followed	 by	 300	 mg	 PO	 daily	 would	 potentially	 enhance	 posaconazole
absorption,	 and	 facilitate	 achievement	 of	 a	 therapeutic	 level.	 A	 posaconaozle
concentration	should	be	drawn	at	least	6	days	after	the	switch	to	the	tablets.



If	 acid-suppressing	 therapy	 is	 not	 warranted,	 then	 the	 suspension	 could
remain	 a	 reasonable	 option	with	 appropriate	 adjustments	made	 to	 concomitant
therapies.	When	administered	with	a	PPI,	posaconazole	Cmax	 and	AUC	can	be
reduced	by	 as	much	 as	 46	percent	 and	32	percent,	 respectively.46	 Histamine-2
receptor	 antagonists	 (H2RAs),	 particularly	 cimetidine,	 have	 a	 similar	 effect	 on
posaconazole	 exposure,	 reducing	 both	 the	 Cmax	 and	 AUC	 by	 39	 percent.1

Administration	 of	 posaconazole	 with	 an	 acidic	 carbonated	 beverage	 has	 been
shown	 to	 increase	 the	 Cmax	 by	 92	 percent	 and	 the	 AUC	 by	 70	 percent.46	 If
possible,	KL’s	omeprazole	should	be	discontinued	and	PPIs	and	H2RAs	should
be	 avoided.	 Another	 level	 should	 be	 evaluated	 approximately	 1	 week	 after
discontinuation	 of	 the	 acid-suppressing	 agent	 to	 assess	 for	 adequate
posaconazole	absorption	and	serum	concentrations.	 If	acid-suppressing	 therapy
is	necessary	while	a	patient	 is	on	posaconazole	oral	suspension,	an	antacid	can
be	 considered	 as	 reductions	 in	 posaconazole	 systemic	 exposure	 with
concomitant	 antacids	 has	 been	 shown	 to	 be	 clinically	 insignificant.50	 If	 acid-
suppressing	 therapy	must	 be	 administered	 with	 posaconazole	 oral	 suspension,
close	 monitoring	 is	 recommended	 to	 ensure	 adequate	 serum	 levels	 and
antifungal	efficacy.	A	switch	to	oral	delayed-release	tablets	is	encouraged	if	this
acid-suppressing	 therapy	 proves	 to	 impair	 the	 patient’s	 ability	 to	 achieve	 a
therapeutic	concentration.

Systemic	exposure	of	posaconazole	suspension	is	also	reduced	with	increased
gastric	 motility.	 Concomitant	 use	 of	 metoclopramide	 reduced	 the	 Cmax	 of
posaconazole	by	21	percent	and	 the	AUC	by	19	percent.	Contrastingly,	gastric
slowing	 agents	 (i.e.,	 loperamide)	 have	 no	 significant	 effect	 on	 posaconazole
serum	concentrations.46	Posaconazole,	delayed-release	tablets	are	not	affected	by
gastric	 promotility	 agents,	 thus	 it	 would	 be	 preferred	 with	 such	 therapy.	 If	 a
patient	cannot	be	switched	to	posaconazole	tablets,	and	the	oral	suspension	must
be	used	with	gastric	 promotility	 agents,	 routine	 therapeutic	 drug	monitoring	 is
recommended	 to	ensure	adequate	 levels	and	effective	 therapy.	Metoclopramide
use	 should	 be	 minimized	 in	 KL,	 if	 possible,	 to	 maximize	 posaconazole
absorption	and	systemic	exposure.

CASE	10:	POSACONAZOLE	AND	QT-INTERVAL
PROLONGATION
PJ	is	a	47-year-old	African	American	male	with	HIV.	He	has	a	medical	history
significant	 for	 invasive	 pulmonary	 aspergillosis,	 coronary	 artery	 disease,	 and



HSV	 encephalitis.	 He	 was	 originally	 initiated	 on	 voriconazole	 for	 his
aspergillosis,	but	was	switched	to	posaconazole	DR	tablets	300	mg	PO	bid	×	1
day,	 followed	 by	 300	 mg	 PO	 daily	 due	 to	 visual	 hallucinations	 with
voriconazole.	 He	 has	 continued	 on	 maintenance	 therapy	 for	 six	 weeks.	 His
CD4+	count	is	133	cells/mm3	and	the	posaconazole	is	to	be	continued	until	the
CD4+	 count	 is	 at	 least	 ≥200	 cells/mm3.	 He	 continues	 on	 highly	 active
antiretroviral	 therapy.	 He	 is	 admitted	 to	 the	 hospital	 for	 severe	 diarrhea
resulting	 in	 fluid	 loss	 and	 acute	 kidney	 injury.	 During	 his	 admission,	 PJ
developed	 atrial	 fibrillation	 despite	 aggressive	 fluid	 and	 electrolyte	 repletion.
Upon	 consulting	 cardiology,	 they	 decide	 to	 initiate	 an	 IV	 load	 of	 amiodarone
with	a	subsequent	transition	to	oral	maintenance	amiodarone.

QUESTION

What	is	your	recommendation	regarding	this	therapy	for	PJ’s	atrial	fibrillation?

Answer:
Rare	cases	of	QTc	interval	prolongation	and	torsades	de	pointes	(TdP)	have	been
reported	with	posaconazole	therapy.	A	study	evaluating	the	safety	of	 long-term
oral	 posaconazole	 use	 for	 treatment	 of	 refractory	 invasive	 fungal	 infections	 in
428	 patients	 found	 a	 1	 percent	 incidence	 of	 treatment-related	 QTc	 interval
prolongation.51	 Because	 of	 this	 rare	 but	 serious	 risk,	 administration	 of
posaconazole	with	other	medications	with	a	known	risk	of	prolonging	 the	QTc
interval	 and	 causing	 TdP	 should	 be	 done	 with	 caution,	 and	 the	 QTc	 interval
should	be	closely	monitored.

Amiodarone	is	also	associated	with	the	risk	of	QTc	interval	prolongation	and
TdP.	 However,	 risk	 is	 heightened	 in	 this	 case	 because	 amiodarone	 is	 also	 a
CYP3A4	 substrate.	 Posaconazole	 is	 a	 strong	 inhibitor	 of	 CYP3A4	 and,	 thus,
inhibits	 CYP3A4-mediated	 amiodarone	 metabolism.	 Decreased	 metabolism
results	 in	 increased	 amiodarone	 plasma	 concentrations	 and	 can	 lead	 to	 an
increased	 risk	of	QTc	 interval	prolongation	and	TdP.	Thus,	concomitant	use	of
posaconazole	 and	 CYP3A4	 substrates	 that	 prolong	 the	 QTc	 interval	 (e.g.,
terfenadine,	cisapride,	pimozide,	quinidine,	amiodarone)	is	contraindicated.1,31

Voriconazole	 is	 not	 an	 option	given	his	 history	 of	 visual	 hallucinations	 and
the	drug’s	associated	risk	of	QTc	 interval	prolongation.	A	 lack	of	 feasibility	of
administering	amphotericin	B	for	maintenance	therapy	as	an	outpatient	makes	it



an	 impractical	 option.	 Echinocandins	 have	 inferior	 activity	 against	Aspergillus
sp.	along	with	a	lack	of	oral	availability	for	outpatient	administration.	Therefore,
posaconazole	 remains	 most	 optimal	 for	 PJ	 as	 maintenance	 for	 aspergillosis.
Prioritization	 of	 posaconazole	 therapy	 is	 important	 given	 his	 infection	 history
and	 HIV	 status	 (CD4+	 count	 of	 133	 cells/mm3).	 Therefore,	 an	 alternative	 to
amiodarone	should	be	considered.

Aggressive	electrolyte	and	fluid	replacement	should	continue.	If	amiodarone
becomes	the	agent	of	choice	for	management	of	PJ’s	atrial	fibrillation,	potential
methods	 for	 echinocandin	 maintenance	 therapy	 (e.g.,	 caspofungin	 or
micafungin)	 should	 be	 explored	 as	 an	 alternative	 to	 posaconazole.	 A	 dose
reduction	of	posaconazole	is	not	ideal	and	could	result	in	subtherapeutic	serum
concentrations	and	ineffective	antifungal	treatment.

CASE	11:	SPECIAL	POPULATIONS:	POSACONAZOLE	IN
HEMATOPOIETIC	STEM	CELL	TRANSPLANT	AND	GVHD
JK	 is	 a	 65-year-old	Caucasian	male	who	 is	 45	days	post–allogeneic	 stem	cell
transplant	with	myeloablative	conditioning	for	chronic	myeloid	leukemia	(CML).
He	has	engrafted	and	his	hematocrit,	WBC/ANC,	and	platelets	have	recovered.
To	 date,	 he	 has	 done	 well	 on	 levofloxacin,	 fluconazole,	 and	 valacyclovir	 for
posttransplant	 prophylaxis	 and	 has	 not	 experienced	 any	 infectious
complications,	 but	 has	 begun	 to	 develop	 diarrhea.	 Testing	 for	 C.difficile
infection	has	been	negative.	A	colon	biopsy	performed	confirms	gastrointestinal
graft	 vs.	 host	 disease	 (GVHD).	 Prednisone	 1	 mg/kg	 is	 initiated	 and	 the
fluconazole	is	switched	to	posaconazole	for	expanded	antifungal	coverage	while
on	 steroid	 therapy.	 The	 bone	marrow	 transplant	 attending	 expresses	 concerns
regarding	 adequate	 exposure	 of	 posaconazole	 in	 JK	 given	 his	 diarrhea	 and
GVHD.

QUESTION
What	are	your	recommendations	to	him	regarding	antifungal	prophylaxis	for	JK
in	the	setting	of	his	GVHD?

Answer:
Posaconazole	 has	 an	 established	 role	 in	 the	 prevention	 of	 invasive	 fungal
infections	 in	 the	 hematopoietic	 stem	 cell	 population,	 especially	 those	 with



GVHD.	 Ullman	 and	 colleagues	 evaluated	 the	 use	 of	 posaconazole	 versus
fluconazole	in	this	population	in	a	phase	III,	randomized	fashion.	Posaconazole
was	 shown	 to	 be	 noninferior	 to	 fluconazole	 in	 preventing	 invasive	 fungal
infections.	Notable	 in	 this	 trial	was	 that	more	 than	 50	 percent	 of	 the	 invasive
fungal	infections	were	invasive	aspergillosis	and	that	posaconazole	was	superior
in	preventing	aspergillosis	 (2.3%	with	posaconazole	vs.	7.0%	with	 fluconazole
developed	 invasive	 aspergillosis;	 p	 =	 0.006).	 Furthermore,	 while	 overall
mortality	was	similar,	posaconazole	significantly	reduced	the	rate	of	death	from
invasive	fungal	infections	(1%	vs.	4%;	p	=	0.046).28

As	a	result	of	posaconazole	being	considered	as	an	option	for	prophylaxis	in
stem	 cell	 transplant	 patients	 with	 GVHD,	 it	 was	 necessary	 to	 evaluate	 the
pharmacokinetics	 of	 posaconazole	 in	 this	 population.	 Krishna	 and	 others
completed	 a	 pharmacokinetic	 analysis	 of	 246	 patients	 from	 the	 evaluation	 by
Ullman	and	colleagues	that	had	pharmacokinetic	data	available.52	Of	these,	five
patients	 developed	 invasive	 fungal	 infections	 and	 had	 significantly	 lower
average	 (median	 Cavg	 611	 ng/mL)	 and	 maximum	 (median	 Cmax	 635	 ng/ml)
posaconazole	 concentrations	 compared	 to	 those	 that	 did	 not	 develop	 invasive
fungal	infections	(median	Cavg	922	ng/mL;	median	Cmax	1,360	ng/mL).	Median
plasma	 concentrations	 were	 also	 higher	 in	 patients	 with	 chronic	 GVHD
compared	to	those	with	acute	GVHD.	Extensive	gastrointestinal	compromise	is	a
pathophysiologic	 feature	 of	 acute	 GVHD	 and	 could	 possibly	 account	 for	 the
lower	serum	concentrations	in	these	patients.52	However,	observed	posaconazole
plasma	 concentrations	 were	 adequate	 to	 prevent	 invasive	 fungal	 infections	 in
patients	with	both	acute	(Cavg	814	±	650	ng/mL;	Cmax	1,130	±	858	ng/mL)	and
chronic	(Cavg	1,413	±	842	ng/mL;	Cmax	1,785	±	1,030	ng/mL)	GVHD.52

Given	 the	 aforementioned	 data,	 it	 is	 possible	 to	 achieve	 adequate	 serum
concentrations	 of	 posaconazole	 in	 patients	 with	 GVHD	 to	 effectively	 prevent
invasive	 fungal	 infections.	 JK	 should	 have	 steady-state	 levels	 of	 posaconazole
measured	 (after	 at	 least	 7	 days	 of	 therapy)	 and	 treatment	 decisions	 should	 be
dictated	by	ability	to	achieve	therapeutic	concentrations.	Lack	of	examination	of
variables	such	as	vomiting,	dysphagia,	mucositis,	and	changes	in	GVHD	status
were	 acknowledged	 to	 be	 limitations	 of	 the	 pharmacokinetic	 evaluation	 by
Krishna	and	colleagues.52	These	factors	could	potentially	affect	the	exposure	of
posaconazole	 due	 to	 an	 injury	 to	 the	 gastrointestinal	 lining.	 Therefore,	 the
recommendation	 is	 to	 assess	 these	 variables	 in	 JK	 and	 consider	 them	 when
interpreting	monitored	 levels.	While	 this	 data	 for	 posaconazole	 prophylaxis	 in
stem	 cell	 transplant	 patients	with	GVHD	 is	with	 the	 oral	 suspension,	 the	 oral



delayed-release	tablets	are	certainly	a	reasonable	therapy	for	fungal	prophylaxis
in	 this	 population.	 Pharmacokinetic	 data	 evaluating	 concentrations	 with	 the
tablet	including	stem	cell	transplant	patients	with	GVHD.1

CASE	12:	SPECIAL	POPULATIONS:	POSACONAZOLE	IN
CRITICALLY	ILL	WITH	LARGE	Vd
NN	 is	 a	 29-year-old	 male	 admitted	 to	 the	 surgical	 intensive	 care	 unit	 after
complications	 of	 abdominal	 surgery.	 He	 is	 discovered	 to	 have	 biopsy-proven
invasive	 cutaneous	 mucormycosis	 at	 the	 site	 of	 surgery	 and	 is	 initiated	 on
posaconazole	 200	mg	 every	 6	 hours	 administered	 via	 nasogastric	 tube.	 NN	 is
receiving	appropriate	stress-ulcer	prophylaxis.

QUESTION	1
What	 factors	 can	 impact	 posaconazole	 serum	 concentrations	 in	 critically	 ill
patients?

Answer:
In	critically	ill	patients,	volume	of	distribution	for	posaconazole	is	 increased	to
about	3,300–5,300	liters	(compared	to	2–3	times	less	in	non-ICU	patients).53,54
This	increased	Vd	occurs	because	of	capillary	leak	syndrome	and	edema,	which
causes	 fluid	 shift	 from	 the	 intravascular	 compartment	 to	 the	 interstitial	 space,
which	 in	 turn	 causes	 decreased	 plasma	 concentrations.55	 This	 effect	 is	 most
profound	 on	 hydrophilic	 medications	 with	 low	 Vd.	 Although	 posaconazole	 is
known	 to	 be	 lipophilic,	 a	 pharmacokinetic	 analysis	 of	 posaconazole	 in	 ICU
patients	 found	 a	 maximum	 serum	 concentration	 of	 531	 ng/mL.	 None	 of	 the
patients	 in	 this	 ICU	 cohort	 were	 able	 to	 achieve	 therapeutic	 concentrations
greater	 than	 700	 ng/mL.53	 In	 addition	 to	 the	 increased	 volume	 of	 distribution,
patients	in	the	ICU	setting	are	also	on	stress-ulcer	prophylaxis	with	proton-pump
inhibitors,	 decreasing	 absorption	 of	 posaconazole	 suspension.	 The
hypermetabolic	state	of	critically	ill	patients	contributes	to	increased	clearance	of
posaconazole	 and	 potentially	 decreased	 serum	 concentrations.53	 In	 addition,
nasogastric	 administration	of	 posaconazole,	 even	 in	 healthy	patient	 volunteers,
results	in	about	20	percent	decreased	AUC	and	Cmax.19



QUESTION	2

How	should	posaconazole	be	monitored?	Is	this	treatment	the	preferred	regimen
for	the	patient?

Answer:
Posaconazole	serum	levels	should	be	drawn	after	2–3	days	of	therapy	to	assess
the	 trajectory	 of	 the	 serum	 concentration.	 Because	 posaconazole
pharmacokinetics	 can	 be	 characterized	 in	 a	 one-compartment	 model,	 early
monitoring	of	serum	levels	can	be	a	surrogate	to	steady-state	concentrations.26,53
An	additional	 level	 after	7	days	of	 therapy	 is	 also	 required	 to	ensure	adequate
serum	 concentration	 levels	 are	 reached.	 In	 general,	 due	 to	 the	 complex
pharmacokinetic	 and	 pharmacodynamic	 alterations	 in	 critically	 ill	 patients,
posaconazole	 should	 be	 avoided.	 Changing	 NN’s	 therapy	 to	 amphotericin	 B
would	be	the	best	intervention.	Alternatively,	intravenous	posaconazole	may	be
considered	which	avoids	issues	related	to	absorption.
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CHAPTER 	17
Procainamide
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OVERVIEW

Procainamide	was	introduced	in	1951	as	a	Class	1a	antiarrhythmic	agent.	Class
1a	 antiarrythmics,	 the	 oldest	 class	 of	 antiarrythmics	 on	 the	 market,	 are
considered	membrane-stabilizing	agents	that	work	by	blocking	sodium	channels.
Agents	 in	 this	 class	 include	 quinidine,	 procainamide,	 and	 disopyramide.
Although	 these	 agents	 are	 quite	 effective	 in	 suppressing	 both	 atrial	 and
ventricular	 ectopy,	 they	 are	 associated	with	 significant	 toxicity,	 and	 thus,	 their
use	has	 fallen	out	of	 favor.	Procainamide	 is	 indicated	 for	 the	 treatment	of	 life-
threatening	 ventricular	 arrhythmias,	 such	 as	 sustained	 ventricular	 tachycardia.1
Off-label	uses	of	procainamide	include	conversion	of	atrial	fibrillation/flutter	to
sinus	rhythm.1,2

Procainamide	 decreases	 the	 ability	 of	 incompletely	 repolarized	 fibers	 to
generate	 an	 active	 response	 and	 delays	 completion	 of	 repolarization.	 These
actions	 increase	 the	 effective	 refractory	 period	 of	 atrial	 and	 ventricular	 fibers,
thereby	 accounting	 for	 its	 antifibrillatory	 effects.3	 Converting	 from	 a
unidirectional	 to	 a	 bidirectional	 block,	 procainamide	 decreases	 reentrant
arrhythmias.	 Procainamide	 has	 been	 proven	 to	 be	 safe	 and	 effective	 against
ventricular	 arrhythmias	 when	 administered	 orally	 and	 intramuscularly.
Historically,	 the	oral	 formulation	was	preferred	for	 less	urgent	arrhythmias	and
for	 longterm	 maintenance	 after	 initial	 parenteral	 therapy.	 Intramuscular
administration	was	 reserved	 for	patients	unable	 to	 tolerate	 the	oral	 formulation
secondary	 to	gastrointestinal	 toxicity	 (nausea	 and	vomiting).	 In	 addition	 to	 the
intolerable	 gastrointestinal	 adverse	 effects	 associated	 with	 oral	 procainamide,



other	 extracardiac	 effects,	 including	 central	 nervous	 system	 symptoms
(headache,	 dizziness,	 psychosis,	 hallucinations,	 and	 depression),	 fever,
agranulocytosis,	rash,	myalgias,	digital	vasculitis,	Raynaud’s	phenomenon,	and	a
systemic	lupus-like	syndrome,	have	been	reported.3	Toxicity	associated	with	oral
formulations	of	procainamide,	 availability	of	 alternative	 antiarrhythmic	 agents,
and	the	lack	of	necessity	of	the	drug	led	to	the	eventual	discontinuation	of	this
dosage	form	in	the	mid	to	late	2000s.	Parenteral	formulations	500	mg/1	ml	in	a	2
ml	vial	remain	periodically	available.	Although	undesirable	infusion	rate	related
cardiovascular	 side	 effects	 associated	with	 the	 use	 of	 intravenous	 infusions	 of
procainamide	 have	 made	 this	 mode	 of	 administration	 unpopular,	 the	 use	 of
procainamide	 as	 an	 intravenous	 bolus	 remains	 a	 viable	 option.	 Procainamide
exerts	 electrophysiological	 effects	 similar	 to	 those	 of	 quinidine.	 However,
procainamide	lacks	quinidine’s	vagolytic	and	alpha-adrenergic	blocking	activity,
and	as	a	result,	is	better	tolerated	when	given	intravenously.4

ELECTROPHYSIOLOGICAL	EFFECTS

Procainamide	produces	 increases	 in	 the	QTc	 interval	and	widening	of	 the	QRS
complex	in	a	concentration-dependent	manner,	usually	starting	at	concentrations
>12	mg/mL.	Procainamide	has	been	associated	with	life-threatening	arrhythmias
such	 as	 torsades	 de	 pointes	 and	 has	 resulted	 in	 sudden	 cardiac	 death.	 N-
acetylprocainamide	(NAPA),	the	acetyled	metabolite	of	procainamide,	which	has
been	 shown	 to	 have	 antiarrhythmic	 actions	 of	 its	 own,	 prolongs	 only	 the	QTc
interval.4-6	 Because	 NAPA	 has	 Class	 III	 antiarrhythmic	 properties,	 it	 is	 of
clinical	 importance	 to	 use	 the	 total	 concentrations	 of	 both	 procainamide	 and
NAPA	 to	 assess	 pharmacological	 activity	 and	 toxicity;	 solely	 reviewing	 the
procainamide	level	may	be	misleading.6

AVAILABILITY

Procainamide	 is	 available	 in	 an	 injectable	 formulation,	 which	 can	 be	 given
intravenously	for	rapid	control	of	serious	arrhythmias.	Dosage	strengths	include
100	mg/mL	and	500	mg/mL.7	The	oral	formulation	of	procainamide	is	no	longer
available	in	the	United	States.



DOSING

The	American	 Heart	 Association	 guidelines	 for	 cardiopulmonary	 resuscitation
and	 emergency	 cardiovascular	 care	 recommend	 that	 adult	 patients	 with	 atrial
fibrillation/flutter	or	stable	monomorphic	ventricular	 tachycardia	receive	20–50
mg	 procainamide	 per	minute	 intravenously	 until	 the	 arrhythmia	 is	 suppressed,
hypotension	 ensues,	 or	 QRS	 complex	 is	 prolonged	 by	 50	 percent	 from	 its
original	 duration,	 or	 a	 total	 cumulative	dose	of	 17	mg/kg	has	been	given.	The
maintenance	 infusion	 rate	 is	 1–4	mg/min.	Alternatively,	 100	mg	procainamide
can	 be	 administered	 intravenously	 every	 5	 minutes	 until	 the	 arrhythmia	 is
controlled	 or	 the	 other	 conditions	 already	 described	 are	 met.8	 Manufacturer
recommendations	suggest	that	initial	arrhythmia	control	can	be	accomplished	by
administering	repeated	bolus	 injections	 to	be	infused	at	a	rate	of	no	faster	 than
50	mg/min	 to	 a	maximum	advisable	 dose	 of	 1	 gram.1	Once	 500	mg	has	 been
administered,	 it	 is	 advisable	 to	 wait	 10	 minutes	 or	 longer	 before	 resuming
treatment	 to	 allow	 for	 greater	 distribution	 into	 the	 tissues.	 Alternatively,	 a
loading	infusion	containing	procainamide	20	mg/mL	(1	gram	diluted	 to	50	mL
with	dextrose	5%	injection)	may	be	administered	at	a	constant	rate	of	1	mL/min
for	25–30	minutes	to	deliver	500–600	mg	of	procainamide.	Some	effects	may	be
seen	after	 infusion	of	the	first	100	or	200	mg.	It	 is	unusual	that	more	than	600
mg	 is	 needed	 to	 achieve	 satisfactory	 antiarrhythmic	 effects.	 To	 achieve
maintenance	of	 therapeutic	procainamide	 levels,	 a	diluted	 intravenous	 infusion
of	2	mg/mL	may	be	administered	at	1–3	mL/min.	The	infusion	rate	will	deliver
2–6	mg/min.	In	fluid-restricted	patients,	a	4	mg/mL	concentration	may	be	used.
In	 a	 patient	 with	 normal	 renal	 function,	 a	 maintenance	 infusion	 of	 50
mcg/kg/min	 will	 produce	 a	 procainamide	 plasma	 level	 of	 6.5	 mcg/mL.
Procainamide	 loading	 and	 maintenance	 doses	 should	 be	 based	 on	 ideal	 body
weight	in	morbidly	obese	patients.9,10	Procainamide	is	not	approved	by	the	Food
and	Drug	Administration	for	use	in	children.

BIOAVAILABILITY

The	absorption	of	intravenous	procainamide	is	immediate	with	a	bioavailability
of	 100	 percent.	 Following	 intravenous	 administration,	 peak	 levels	 are	 reached
within	20–30	minutes	and	are	maintained	for	1–2	hours.11



VOLUME	OF	DISTRIBUTION

Approximately	 10–20	 percent	 of	 procainamide	 is	 protein	 bound,	 and	 the
apparent	 volume	 of	 distribution	 is	 large	 (about	 1.5–2.5	L/kg	 body	weight).4,12
However,	 the	 volume	 of	 distribution	 can	 be	 significantly	 reduced	 under
conditions	 such	 as	 congestive	 heart	 failure	 or	 cardiogenic	 shock,	 resulting	 in
higher	 concentrations	 from	 a	 dose.3	 Procainamide	 has	 an	 octanol-to-water
partition	coefficient	that	would	indicate	a	high	lipid	affinity;	however,	its	volume
of	 distribution	 is	 not	 influenced	 by	 obesity	 because	 the	 partition	 coefficient
remains	 low	 enough	 to	 limit	 distribution	 into	 adipose	 tissue.13	 Intravenous
procainamide	follows	a	two-compartment	model.	Initially	after	the	loading	dose,
the	 concentration	 decreases	 rapidly	 as	 the	 drug	 is	 distributed,	 which	 is	 then
followed	by	the	elimination	phase.

METABOLISM	AND	CLEARANCE/HALF-LIFE

Approximately	50	percent	of	procainamide	is	eliminated	unchanged	in	the	urine
and	 the	 average	 half-life	 is	 approximately	 3	 hours	 in	 healthy	 subjects.14
Procainamide	 also	 undergoes	 hepatic	 metabolism.	 The	 major	 pathway	 for
hepatic	 metabolism	 is	 conjugation	 of	 N-acetyl	 transferase,	 polymorphically
distributed	cytosolic	enzyme,	to	form	NAPA,	which	is	renally	eliminated	and	has
an	 elimination	 half-life	 of	 approximately	 7.5–10	 hours	 in	 individuals	 with
normal	 renal	 function.4	 In	 cardiac	 patients	 with	 renal	 failure,	 NAPA	 can
accumulate	in	the	plasma	and	produce	signs	of	clinical	toxicity.	Age	also	appears
to	 affect	 both	 procainamide	 clearance	 and	 the	 NAPA:Procainamide
concentration	 ratio,	 independent	 of	 the	 decline	 in	 renal	 function	 that	 occurs	 in
elderly	 patients.4,15	 Increased	 urine	 pH	 can	 decrease	 renal	 elimination	 of
procainamide.6	 Both	 procainamide	 and	 NAPA	 are	 actively	 secreted	 by	 the
proximal	 tubules	 of	 the	 kidney	 and	 competition	 between	 the	 two	 for	 renal
secretion	results	in	decreased	elimination	of	procainamide.6

HEART	FAILURE
In	patients	with	heart	failure,	procainamide	is	not	cleared	as	well,	and	therefore,
a	dose	reduction	of	30–50	percent	in	initial	therapy	is	recommended	for	patients



with	severely	compromised	cardiac	function.16	 In	patients	with	uncompensated
heart	 failure,	 a	 reduction	 in	 hepatic	 blood	 flow	 decreases	 the	 clearance	 of
procainamide.	Furthermore,	the	volume	of	distribution	is	decreased.	The	half-life
of	procainamide	may	not	be	drastically	increased	because	both	the	clearance	and
volume	 of	 distribution	 are	 decreasing	 (t½	 =	 0.693V/Cl);	 however,	 a	 dose
reduction	of	25–50	percent	may	be	necessary.	Patients	with	compensated	heart
failure	do	not	require	dose	adjustments.

LIVER	DISEASE
N-acetyltransferase	2	(NAT2)	is	a	liver	enzyme	responsible	for	the	conversion	of
procainamide	 to	 NAPA.	 Despite	 limited	 data	 on	 the	 pharmacokinetics	 of
procainamide	in	patients	with	liver	disease,	it	is	suggested	that	a	dose	reduction
might	be	warranted	in	patients	with	liver	disease.	In	patients	with	a	Child-Pugh
score	 of	 8–10,	 most	 recommend	 a	 25	 percent	 reduction	 in	 the	 initial	 dosage.
Those	with	 a	 score	 >10,	 a	 50	 percent	 reduction	 is	 recommended.	 From	 there,
doses	may	be	titrated	as	needed.

RENAL	FAILURE	AND	END-STAGE	RENAL	DISEASE

As	 creatinine	 clearance	 decreases,	 the	 clearance	 of	 procainamide	 is	 reduced
proportionally.	The	half-life	of	procainamide	in	renal	failure	is	approximately	6
hours.14	In	end-stage	renal	disease,	the	half-life	of	procainamide	is	prolonged	to
about	14	hours.	The	volume	of	distribution	of	procainamide	 in	end-stage	 renal
disease	has	been	calculated	to	be	about	1.4	L/kg.16

NAPA
NAPA,	the	acetylated	metabolite	of	PA,	has	been	shown	to	have	antiarrhythmic
actions	of	its	own.	It	is	85	percent	eliminated	by	the	kidneys,	and	the	half-life	in
patients	with	normal	renal	function	is	about	twice	that	of	PA	(6–8	hours).17	The
expected	 half-life	 in	 patients	 with	 renal	 failure	 is	 35	 hours.14	 Hepatic
conjugation	of	procainamide	to	NAPA	exhibits	genetic	polymorphism.	The	fast
acetylator	 phenotype	 occurs	 in	 10–20	 percent	 of	 Asians;	 50	 percent	 of
Americans;	and	60–70	percent	of	Northern	Europeans.	In	fast	acetylators,	NAPA
may	accumulate	and	exceed	that	of	procainamide.	The	impairment	of	acetylation
in	 chronic	 liver	 disease	 also	 seems	 to	 be	 phenotype	 specific,	 with	 a	 more
prominent	effect	in	fast	acetylators	than	in	slow	acetylators.18	A	fast	acetylator	is



considered	 a	 patient	without	 renal	 impairment	who	has	 a	NAPA	concentration
equal	 to	 or	 greater	 than	 procainamide	 three	 hours	 after	 dosing.2,6	 A	 lower
incidence	 of	 lupus-like	 syndrome	 occurs	 or	 a	 higher	 dose	 is	 needed	 for	 this
adverse	 event	 to	 occur	 in	 patients	 who	 are	 fast	 acetylators.	 In	 patients	 with
normal	renal	function,	the	steady-state	concentration	ratio,	or	acetylator	ratio,	of
NAPA:PA	 can	 be	 used	 to	 possibly	 determine	 those	 who	 are	 slow	 or	 fast
acetylators.	A	ratio	≥1.2	can	be	considered	a	fast	acetylator,	while	a	ratio	of	≤0.8
a	slow	acetylator.

ADVERSE	EVENTS

The	frequency	of	toxic	manifestations,	such	as	depression	of	cardiac	output	and
blood	pressure,	vascular	collapse,	depression	of	cardiac	 impulse	 formation	and
conduction,	 prolongation	 of	 the	 QRS	 and	 QT	 intervals,	 and	 induction	 of
ventricular	 arrhythmias	 has	 been	 identified	 with	 intravenous	 administration	 of
procainamide.	Toxicity	typically	occurs	at	infusion	rates	of	100	mg	or	more	per
minute	 and	 is	 likely	 secondary	 to	 inadequate	 drug	 distribution.	 It	 is	 generally
accepted	that	infusion	rates	of	25–50	mg/min	are	safe	and	associated	with	a	low
incidence	of	toxicity.19	Such	undesirable	effects	have	led	to	the	recommendation
that	during	intravenous	procainamide	therapy,	the	blood	pressure	be	continually
monitored	 and	 phenylephrine	 or	 norepinephrine	 either	 be	 readily	 available	 or
actually	 given.	 Furthermore,	 to	 avert	 potentially	 dangerous	 drug-induced
alterations	in	the	ECG,	constant	electrocardiographic	monitoring	and	equipment
to	 treat	ventricular	asystole,	 fibrillation,	or	both	has	been	advised.20	The	 small
molecular	size	and	low	protein	binding	of	procainamide	and	NAPA	are	desirable
attributes	 for	 extracorporeal	 drug	 removal.	 Procainamide	 toxicity	 has	 been
treated,	 with	 varying	 degrees	 of	 efficiency,	 by	 several	 modalities,	 including
peritoneal	dialysis,	hemodialysis,	hemoperfusion,	and	continuous	arteriovenous
hemofiltration/hemodiafiltration.16

THERAPEUTIC	DRUG	MONITORING

Plasma	 levels	 of	 procainamide	 correlate	 well	 with	 the	 clinical	 effects	 of	 the
drug.21	 When	 monitoring	 procainamide	 therapy,	 it	 is	 customary	 to	 measure
serum	 levels	 of	 both	 procainamide	 and	 NAPA,	 which	 has	 significant



antiarrhythmic	action,	particularly	Class	 III	activity	 (prolongation	of	 the	action
potential	 via	 potassium	 channel	 blockade).22	 Serum	 concentrations	 of
procainamide	should	not	be	assessed	alone.	NAPA	should	also	be	analyzed	(on
the	 same	 sample),	 and	 each	 analyte	 should	 be	 quantified	with	 reference	 to	 its
own	 reference	 range.	 The	 common	 practice	 of	 summing	 their	 concentrations
should	 be	 avoided.6	 The	 therapeutic	 plasma	 concentration	 of	 procainamide	 is
generally	thought	to	be	in	the	range	of	4–10	mg/L.	However,	this	range	varies	up
to	 a	 maximum	 of	 32	 mg/L	 and	 is	 controversial	 and	 poorly	 determined	 from
small-scale	 studies	 that	 lacked	 standardized	 sampling	 procedures.4,23
Therapeutic	 plasma	 levels	 of	 less	 than	 4	mg/L	 suppress	 arrhythmias	 in	 only	 a
minority	 of	 patients.	 Toxic	 manifestations	 are	 common	 with	 concentrations
greater	than	10	mg/L.	At	levels	>10	mg/L,	procainamide	produces	hypotension
and	 reductions	 in	efferent	vasoconstrictor	 sympathetic	outflow	 that	are	 thought
to	 be	 the	 result	 of	 ganglionic	 blockade	 and/or	 central	 nervous	 system
sympathetic	 inhibition.4	The	 clinical	 importance	of	 toxic	 effects	 on	 circulatory
function	 depends	 largely	 on	 the	 patient’s	 previous	 cardiovascular	 status.	Most
patients	can	easily	compensate	 for	 some	depression	of	myocardial	contractility
by	 toxic	 concentrations	 of	 procainamide,	 but	 the	 same	 is	 not	 true	 for	 patients
with	 preexisting	 circulatory	 depression.21	 The	 fluorescence	 polarization
immunoassay	 and	 enzyme	 immunoassays	 are	 used	 most	 commonly	 for
therapeutic	 drug	 monitoring	 of	 procainamide	 and	 of	 the	 active	 metabolite
NAPA.22	Measurement	 of	 plasma	 concentrations	 is	 helpful	 in	 all	 patients	with
cardiac	 or	 renal	 failure	 and	 in	 critically	 ill	 patients.21	 When	 the	 desired
antiarrhythmic	 effect	 is	 not	 achieved	 or	 when	 toxic	 effects	 are	 suspected,
knowledge	 of	 the	 plasma	 level	 can	 greatly	 clarify	 the	 situation.21	 In	 routine
therapeutic	 monitoring,	 a	 sample	 collected	 one	 hour	 before	 the	 next	 dose
(trough)	 is	 recommended	 for	 determination	 of	 both	 procainamide	 and	 NAPA.
The	effective	range	of	concentrations	of	NAPA	is	2–22	mg/L,	and	levels	as	high
as	40	mg/L	appear	to	be	well	tolerated.16	Typically,	lupus-like	syndrome	is	one
of	the	adverse	events	not	seen	with	NAPA.	(See	Table	17-1)

TABLE
17-1 Drug	Interactions24-26





PHARMACOKINETIC	DOSING	METHOD	VERSES
LITERATURE-BASED	RECOMMENDED	DOSING
Pharmacokinetic	Dosing	Method
By	 utilizing	 this	method	 to	 dose	 procainamide,	 population	 as	 well	 as	 patient-
specific	parameters	can	be	used.	The	patient-specific	parameters	allow	dosing	to
be	individualized	and	adjusted	based	on	disease	states.

Because	 procainamide	 is	 eliminated	 by	 tubular	 secretion,	 rather	 than
glomerular	 filtration,	 creatinine	 clearance	 cannot	 be	 used	 to	 estimate	 renal
elimination.	Different	disease	states	result	in	various	clearance	rates	as	discussed
previously	 under	 metabolism	 and	 clearance.	 The	 estimated	 half-life	 for	 each
disease	 state	 should	 be	 utilized.	 For	 example,	 in	 renal	 failure	 the	 half-life	 is
approximately	 14	 hours.	Utilize	 this	 half-life	 rather	 than	 the	 normal	 5.5	 hours
when	calculating	 a	dose.	 In	order	 to	 avoid	overdoses	 in	patients	with	multiple
disease	states,	utilize	the	disease	state	with	the	longest	half-life,	which	can	then
be	computed	to	determine	the	elimination	rate	constant.

Similar	to	the	half-life,	volume	of	distribution	varies	based	on	disease	states.
Normally,	Vd	is	1.5–2.7	L/kg.	It	is	suggested	that	for	renal	failure	patients	Vd	is
1.7	 L/kg	 and	 1.6L/kg	 for	 uncompensated	 heart	 failure	 patients.	 All	 other
patients,	 a	Vd	 of	 2.7	L/kg	 can	 be	 used.	 For	 obese	 patients,	 ideal	 body	weight
should	be	substituted	for	actual	body	weight.

Literature-Based	Dosing	Method
Literature-based	 dosing	 method	 is	 a	 way	 to	 standardize	 procainamide	 dosing.
Often	 a	 patient	 will	 have	 multiple	 disease	 states	 and	 conditions,	 making	 it
difficult	 to	 determine	 the	 appropriate	 pharmacokinetic	 parameters.	 For	 this
reason,	it	is	feasible	and	sometimes	preferable	to	use	the	literature-based	dosing
method.	A	 steady-state	 concentration	of	 4–10	μg/mL	 should	be	maintained.	 In
patients	 with	 moderate-to-severe	 liver	 disease,	 having	 a	 Child-Pugh	 score	 ≥8
and/or	heart	failure	classified	as	NYHA	class	II	or	higher,	a	25–50	percent	dose
decrease	 is	 recommended.	 Renal	 dysfunction	 patient	 should	 receive	 a	 25–75
percent	dose	decrease.

CASE	STUDIES



CASE	1:	LOADING	DOSE
AK	 is	 a	 45-year-old	 male	 who	 presents	 to	 the	 ED	 with	 a	 chief	 complaint	 of
palpitations.	Patient	stated	that	he	started	to	get	palpitations	overnight	and	was
brought	from	home	by	an	ambulance.	Patient’s	PMH	includes	HTN,	DM2,	CVA,
hypercholesterolemia,	and	kidney	stones.	Patient’s	past	surgical	history	includes
cardiac	 stents,	 CABG,	 and	 internal	 cardiac	 defibrillator.	 Social	 and	 family
history	was	non-contributory.	Physical	exam	of	patient	 is	within	normal	 limits.
ECG	revealed	a	PR	interval	of	0.75	ms,	QRS	interval	of	103	ms,	and	heart	rate
of	161	bpm.	Patient	is	tachycardic.

Vital	signs:
HR	163	bpm
RR	21	breaths/min
BP	150/113	mm	Hg
O2	saturation	is	98%
Medical	 impression	 is	 significant	 for	 a	 rule/out	 Wolff-Parkinson-White

rhythm	 with	 observed	 delta	 waves;	 the	 prescriber	 wants	 to	 avoid	 calcium
channel	 blockers	 because	 they	 may	 worsen	 the	 tachycardia	 and	 instead	 had
ordered	a	procainamide	drip.	Calculate	a	loading	dose	for	this	80	kg	patient.	The
desired	concentration	is	8	mg/L.

Answer:
Use	 the	 following	 loading	 dose	 equation.	 The	 volume	 of	 distribution	 (V)	 is	 2
L/kg	and	the	concentration	desired	(8)	is	8	mg/L.	The	salt	factor	(S)	is	0.87	for
the	 hydrochloride	 salt.	 The	 bioavailability	 (F)	 is	 100	 percent	 or	 1.0	 for	 the
parental	administration.



CASE	2:	MAINTENANCE	DOSE	USING	POPULATION
PHARMACOKINETICS
Calculate	the	maintenance	dose	in	mg/min	for	the	80	kg	patient	in	the	preceding
case.	Patient’s	creatinine	clearance	is	70	mL/min	(4.2	L/hr),	average	acetylation
clearance	as	0.13	L/kg/hr,	and	clearance	other	is	0.1	L/kg/hr.

Answer:
Use	the	following	maintenance	dose	equation:

Cltotal	 must	 be	 calculated	 before	 calculating	 the	 maintenance	 dose	 because
maintenance	dose	is	dependent	on	clearance.



The	infusion	rate	of	3.6	mg/min	is	within	the	usual	range	of	1–4	mg/min.

CASE	3:	MAINTENANCE	DOSE	USING	PATIENT’S	ACTUAL
PHARMACOKINETIC	PARAMETERS	(ITERATION	MAY	BE



USED)
AK	has	been	receiving	a	procainamide	infusion	of	214	mg/hr	or	3.6	mg/min.	The
patient’s	steady-state	plasma	procainamide	concentration	is	4	mg/L.	Calculate	a
maintenance	 dose	 using	 patient’s	 actual	 pharmacokinetic	 parameters	 with	 a
target	concentration	of	6	mg/L.

Answer:
Use	 the	 following	 formula.	 The	 new	 clearance	 formula	 is	 based	 on	 the
maintenance	dose	formula.

CASE	4:	DRUG	INTERACTION	THAT	INCREASES	LEVELS*

AK	has	received	a	maintenance	infusion	of	procainamide.	The	physician	would
like	to	initiate	another	antiarrhythmic,	quinidine	or	amiodarone;	an	H2	receptor



antagonist,	 ranitidine,	 cimetidine,	 famotidine,	or	a	PPI	pantoprazole	 for	 stress
ulcer	 prophylaxis;	 antibiotics	 for	 CA-MRSA,	 sulfamethoxazole/trimethoprim,
clindamycin	 or	 doxycycline;	 and	 insulin	 glargine	 for	 diabetes.	 The	 physician
wants	 to	 hold	 the	 patient’s	 blood	 pressure	 medications	 for	 now	 and	 wants	 to
know	if	any	of	these	medications	will	interact	with	procainamide.
List	 the	 drug	 interactions	 that	 will	 increase	 the	 procainamide	 level	 and

explain	the	mechanism.

Answers:
•			Quinidine	sulfate	and	procainamide

According	to	the	package	insert	for	quinidine	sulfate,	quinidine	may	compete
for	 renal	 clearance	 with	 procainamide	 and	 may	 decrease	 the	 excretion	 of
procainamide	 resulting	 in	 increased	 serum	 levels	 of	 procainamide.28
Quinidine	and	procainamide	may	compete	for	renal	tubular	secretion.29,30

Monitor	for	blood	pressure	and	ECG	in	patients	receiving	procainamide
and	 another	Class	 1a	 antiarrhythmic	 agent.29,30	 Procainamide	 doses	may
need	 to	 be	 reduced.	 Closely	 observe	 patients	 for	 signs	 of	 procainamide
toxicity,	especially	in	patients	with	cardiac	decompensation.29,30

Hughes	 and	 colleagues	 report	 an	 incident	 of	 a	 significant	 increase	 in
procainamide	 and	 NAPA	 concentration	 in	 a	 53-year-old	 male	 with
ventricular	 arrhythmias	 on	 concurrent	 quinidine.31	 The	 clearance	 of
procainamide	 decreased	 by	 41	 percent	 and	 the	 half-life	 increased	 95
percent.	 It	 is	 hypothesized	 that	 quinidine	 interferes	 with	 the	 renal
elimination	of	procainamide.

•			Trimethoprim	and	procainamide
Trimethoprim	 may	 increase	 the	 concentration	 of	 the	 active	 metabolites	 of
procainamide,	thus	increasing	the	serum	concentration	of	procainamide.29,30

Monitor	 for	 toxic	 effects	 of	 procainamide	 including	 QTc	 intervals,
ECG,	and	drug	serum	concentrations	of	procainamide.

The	 clearance	 of	 procainamide	was	 decreased	 by	 42	 percent	 in	 eight
participants	when	administered	with	trimethoprim	for	8	days.32

•			Amiodarone	and	procainamide
The	 addition	 of	 amiodarone	 to	 procainamide	 therapy	 has	 been	 reported	 to
significantly	 increase	 single-dose	 and	 steady-state	 procainamide	 plasma
concentrations,	 decrease	 clearance,	 and	 increase	 elimination	 half-life,	 with



evidence	 of	 clinical	 toxicity.33,34,35	A	 20	 percent	 reduction	 in	 procainamide
dose	 normalized	 the	 procainamide	 steady-state	 plasma	 concentrations	 with
concurrent	use	of	amiodarone.34

When	 amiodarone	 is	 taken	 concomitantly	 with	 procainamide	 for	 less
than	seven	days,	 the	plasma	concentrations	of	procainamide	and	n-acetyl
procainamide	 increase	 by	 55	 percent	 and	 33	 percent,	 respectively.
Procainamide	 dose	 should	 be	 reduced	 by	 one-third	 when	 administered
with	amiodarone.34

The	addition	of	amiodarone	to	procainamide	therapy	has	been	reported
to	increase	steady-state	procainamide	plasma	concentrations	by	57	percent,
with	evidence	of	clinical	toxicity.	A	20	percent	reduction	in	procainamide
dose	normalized	the	procainamide	steady-state	plasma	concentrations	with
concurrent	use	of	amiodarone.34

Concurrent	amiodarone	and	procainamide	administration	result	in	a	23
percent	decrease	 in	 single-dose	procainamide	clearance	and	a	38	percent
increase	in	procainamide	elimination	half-life.35

If	 amiodarone	 and	 procainamide	 are	 to	 be	 administered	 concurrently,
decrease	 the	 procainamide	 dose	 by	 one-third	 to	 one-half,	 and	 monitor
procainamide	 levels	 and	 electrophysiological	 evidence	 of	 toxicity	 (QT
prolongation,	torsades	de	pointes,	cardiac	arrest).29

Amiodarone	may	enhance	the	QTc	prolonging	effect	when	administered
with	procainamide.29

Monitor	for	decrease	cardiac	conduction	and	prolonged	QTc.
The	physician	decided	on	using	amiodarone	over	quinidine	for	AK.	The

physician	orders	amiodarone	150	mg	infusion	over	20	minutes	followed	by
an	 infusion	 at	 1	mg/min.	 Calculate	 the	 new	 hourly	 and	minute	 infusion
rates	 after	 the	 making	 the	 dosage	 adjustment	 that	 is	 needed	 for	 the
concomitant	administration	of	amiodarone	and	procainamide.

The	calculations	for	the	preceding	situation	are	as	follows:

Adjusted	hourly	infusion	rate



=	(Amiodarone	adjustment	(50%))	(Maintenance	infusion	rate)
Adjusted	hourly	infusion	rate	=	(0.50)	(317	mg/hr)**
Adjusted	hourly	infusion	rate	=	158.5	mg/hr
Adjusted	minute	infusion	rate	=	2.64	mg/min

•			Cimetidine	and	procainamide
Cimetidine	 may	 decrease	 the	 excretion	 of	 procainamide	 resulting	 in	 an
increase	in	procainamide	concentration.	This	effect	has	been	suggested	from
cimetidine’s	renal	tubular	secretion.

Concomitant	 cimetidine	 and	 procainamide	 administration	 has	 been
reported	 to	 reduce	procainamide	elimination,	possibly	by	competition	for
active	tubular	secretion.36-42

The	 plasma	 concentration-time	 curve	 and	 elimination	 half-life	 of
procainamide	were	 increased	significantly	during	concomitant	cimetidine
therapy.37	The	 renal	clearance	of	procainamide	was	 reduced	 from	347	 to
196	 mL/min.	 In	 addition,	 the	 area	 under	 the	 plasma	 concentration-time
curve	 for	N-acetylprocainamide	 (NAPA)	was	 increased	by	 a	mean	of	 25
percent	 during	 cimetidine	 therapy,	 due	 to	 a	 reduction	 in	 renal	 clearance
from	258	to	197	mL/min.	These	data	 indicate	 that	cimetidine	inhibits	 the
tubular	 secretion	 of	 both	 procainamide	 and	 NAPA.	 In	 another	 reported
case,	 cimetidine	 administration	 was	 associated	 with	 increases	 in
procainamide	 and	 NAPA	 serum	 concentrations	 and	 potential	 signs	 and
symptoms	 of	 procainamide	 toxicity.	 Following	 discontinuation	 of
cimetidine,	the	concentrations	decreased	to	pretreatment	levels.38

Concomitant	 administration	 of	 sustained-release	 procainamide	 (at
steady	state)	and	cimetidine	was	reported	to	result	in	significant	increases
in	the	AUC,	and	decreases	in	renal	clearance,	of	procainamide	and	NAPA.
It	is	suggested	that	monitoring	of	both	procainamide	and	NAPA	levels	be
undertaken	in	patients	receiving	combined	cimetidine	therapy.43

The	mean	 steady-state	 concentration	of	procainamide	 increased	by	55
percent	and	N-acetylprocainamide	 increased	by	36	percent	 in	36	patients
following	three	days	of	cimetidine	therapy.44

•			Famotidine	did	not	decrease	the	excretion	of	procainamide.45

•			Ranitidine	and	procainamide
Ranitidine	may	 result	 in	 the	 increase	 in	 procainamide	 concentration	 and	 its
metabolite,	N-acetyl-procainamide	(NAPA).30



Coadministration	 of	 procainamide	 and	 high	 doses	 of	 ranitidine	 may
result	 in	 increased	 serum	 concentrations	 of	 procainamide	 due	 to
competition	for	active	tubular	secretion,	thereby	decreasing	renal	clearance
of	procainamide.29,30	Monitor	 for	potentially	 increased	adverse	effects	of
procainamide	 (cardiac	 arrhythmias,	 hypotension,	 CNS	 depression)	 when
procainamide	 and	 ranitidine	 at	 doses	 greater	 than	 300	 mg/day	 are
coadministered.46

CASE	5:	DISEASE	STATE	INTERACTIONS
JL	is	a	70-year-old	female	with	a	PMH	of	renal	insufficiency,	HTN,	CHF,	CVA,
type	 2	 diabetes,	 and	 obesity.	 Doctor	 wants	 to	 start	 a	 loading	 dose	 of
procainamide	 for	 ventricular	 arrhythmia.	 Please	 state	 the	 disease	 state
interactions	with	procainamide	on	volume	of	distribution,	 clearance,	and	half-
life.

Answer:
•			Renal	insufficiency

Renal	 insufficiency	 may	 lead	 to	 an	 accumulation	 of	 procainamide	 because
procainamide	 is	 eliminated	 renally.	 Clearance	 of	 procainamide	 may	 be
decreased	 in	 patients	 with	 renal	 insufficiency.	 The	 half-life	 is	 increased	 in
patients	 with	 renal	 insufficiency.	 In	 patients	 with	 mild	 renal	 impairment,
decrease	 the	maintenance	 infusion	 rate	by	one-third.	 In	patients	with	 severe
renal	impairment,	decrease	the	maintenance	infusion	rate	by	two-thirds.47

•			Chronic	heart	failure	(CHF)	and	low	cardiac	output
In	patients	with	CHF	or	acute	ischemic	heart	disease,	use	procainamide	with
caution	because	decreased	myocardial	contractility	can	further	reduce	cardiac
output.	 In	 patients	 with	 normal	 cardiac	 output	 and	 cardiac	 function,	 the
volume	of	distribution	 is	 2	L/kg.46	 The	 volume	 of	 distribution	 is	 decreased
approximately	25	percent	in	patients	with	decreased	cardiac	output.	Clearance
of	procainamide	in	a	patient	with	CHF	is	half	the	clearance	of	a	patient	with
normal	cardiac	output.30

•			Obesity
In	patients	who	are	obese,	 the	volume	of	distribution	 is	best	correlated	with
ideal	 body	 weight	 (IBW).	 Also,	 the	 clearance	 of	 procainamide	 in	 obese
patients	 is	 increased.	 Thus,	 in	 obese	 patients,	 the	 renal	 clearance	 of



procainamide	should	be	based	on	total	body	weight	(TBW)	and	the	metabolic
clearance	on	the	patient’s	ideal	body	weight.

CASE	6:	DOSING	IN	RENAL	DYSFUNCTION	(NO
HEMODIALYSIS)
HK	is	a	75-year-old	male	admitted	to	the	cardiac	intensive	care	unit.	Patient	has
a	creatinine	clearance	of	40	mL/min	 (mild	renal	 impairment).	Patient	 is	70	kg
and	 has	 normal	 acetylation.	 Calculate	 a	 loading	 dose	 of	 procainamide	 to
achieve	 a	 concentration	 of	 8	 mg/L.	 Then	 calculate	 a	 maintenance	 infusion	 in
mg/min.

Answer:





Decrease	 the	maintenance	 infusion	 rate	 by	 one-third	 because	 patient	 has	mild
renal	impairment.	The	maintenance	dose	reduced	by	one-third	is	143	mg/hr.

For	a	patient	on	hemodialysis,	the	maintenance	dose	in	severe	renal	impairment
is	administered	after	dialysis	sessions.

CASE	7:	DOSING	IN	HEPATIC	DYSFUNCTION
MS	is	a	72-year-old,	90-kg	male	with	ventricular	tachycardia	requiring	therapy
with	intravenous	procainamide.	MS	has	liver	cirrhosis	with	a	Child-Pugh	score
of	11.	Recommend	an	initial	intravenous	procainamide	dosing	regimen	in	order
to	achieve	a	steady-state	level	of	5	g/mL.
Because	 no	 pharmacokinetic	 studies	 have	 been	 performed	 in	 patients	 with

severe	 liver	 disease,	 the	 literature-based	 dosing	 must	 be	 applied.	 The
appropriate	dose	should	be	chosen	based	on	the	patient’s	disease	states.
Administer	 a	 loading	 dose	 of	 500	 mg.	 The	 usual	 rate	 of	 infusion	 is	 2–6

mg/min;	however,	this	patient	has	a	Child-Pugh	score	of	11	and	the	dose	should
be	decreased	by	50	percent.	The	rate	of	infusion	for	MS	is	1–3	mg/min.
MS	 needs	 to	 be	 monitored	 continuously.	 A	 steady-state	 procainamide	 and

NAPA	level	should	be	obtained	after	steady	state	(3–5	half-lives).

CASE	8:	DOSING	IN	OBESE	PATIENTS

LB	 is	 a	 40-year-old	 male.	 The	 patient’s	 ideal	 body	 weight	 (IBW)	 is	 63.6	 kg.
Patient	has	an	Scr	of	1	mg/dL	and	an	average	acetylation	clearance.	The	target
concentration	 is	 6	 mg/L.	 Patient	 has	 a	 history	 of	 HTN,	 hyperlipidemia,	 and
ventricular	 arrhythmias.	 Recommend	 a	 procainamide	 loading	 dose	 and
maintenance	dose	in	mg/min	for	this	patient.

Height	=	5′6″
Weight	=	100	kg

Answer:



The	volume	of	distribution	is	based	on	IBW	because	the	patient	is	obese.

The	CrCl	is	based	on	total	body	weight	because	the	patient	is	obese.

Because	the	patient	is	obese,	his	Cl	acetylation	is	based	on	IBW.



In	obese	patients,	Clother	is	based	on	IBW.

CASE	9:	DOSING	IN	PATIENTS	WITH	SPECIAL
CONSIDERATIONS
JS	 is	 a	 55-year-old	 male	 admitted	 to	 the	 emergency	 room	 for	 ventricular
arrhythmia.	JS	has	a	PMH	of	HTN,	hyperlipidemia,	and	CHF.	Patient	is	60	kg
and	IBW	is	also	60	kg.	JS	has	a	serum	creatinine	of	1	mg/dL.	Patient	also	has	an
average	acetylation	clearance	of	0.13	L/kg/hr.
Calculate	a	loading	dose	in	mg	and	maintenance	dose	in	mg/min	for	JS	with

a	target	concentration	of	8	mg/L.



Answer:

The	volume	of	distribution	needs	to	be	reduced	by	25	percent	because	the	patient
has	CHF	(Vd	is	1.5	L/kg).

Because	 the	 maintenance	 dose	 is	 dependent	 on	 the	 Cltotal,	 the	 Cltotal	 must	 be
calculated	first.

CrCl	needs	 to	be	 in	 the	units	L/hr,	so	 the	71	mL/min	needs	 to	be	converted	 to
L/hr	by	multiplying	by	0.06.



Because	 the	 patient	 has	 CHF,	 the	 total	 clearance	 is	 decreased	 by	 half,	 so	 the
patient’s	total	clearance	is	13.35	L/hr.



Tau	(τ)	is	1	hour	because	the	infusion	rate	is	per	hour.
The	infusion	rate	of	2	mg/min	is	within	the	recommended	infusion	rate	of	1–4

mg/min	as	stated	in	the	package	insert.
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CHAPTER 	18
Quinidine
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OVERVIEW

The	medicinal	effects	of	the	bark	of	the	cinchona	tree	have	been	known	for	over
350	years.	The	 tree	 is	 indigenous	 to	South	America	and	 is	known	as	Peruvian,
Jesuit’s,	or	Cardinal	Bark.	During	 the	1600s	and	1700s,	Jesuit	priests	 imported
cinchona	bark	 from	South	America	 to	Europe	where	 it	was	used	 as	 a	 powder,
extract,	 or	 infusion	 to	 treat	 fevers	 as	well	 as	 “rebellious	 palpitation.”1,2	 In	 the
early	 1800s,	 Pelletier	 and	 Caventou	 worked	 to	 isolate	 the	 more	 than	 20
structurally	related	alkaloids	found	in	the	bark	of	the	cinchona	tree,	quinine	and
quinidine	being	the	most	important	ones.1-3	Pelletier	and	Caventou	successfully
isolated	quinine	in	1820	(see	Figure	18-1).2,3

FIGURE	18-1.	Chemical	structure	of	quinine.

In	 1918,	 Walter	 von	 Frey	 of	 Berlin	 reported	 that	 quinidine	 was	 the	 most



effective	 of	 the	 four	 principal	 cinchona	 alkaloids	 in	 controlling	 atrial
arrhythmias.2-4	Quinidine,	the	d-isomer	of	quinine,	is	both	more	potent	and	more
toxic	than	quinine	(see	Figure	18-2).5	By	the	1920s,	quinidine	became	the	drug
of	 choice	 for	 maintaining	 normal	 sinus	 rhythm	 (NSR)	 in	 patient	 with	 atrial
fibrillation	 or	 atrial	 flutter	 (Afib/flutter)	 and	 to	 prevent	 the	 recurrence	 of
ventricular	 tachycardia	 (VT)	 or	 ventricular	 fibrillation;	 albeit,	 quinidine	 was
known	 to	 produce	 a	 potentially	 lethal	 idiosyncratic	 pro-arrhythmic	 effect.4	 In
1998,	 quinidine	 was	 the	 most	 frequently	 prescribed	 anti-arrhythmic	 agent	 to
maintain	NSR	 in	 after	 conversion	 from	Afib/flutter.4	 Today,	 quinidine	 is	 used
infrequently	 because	 studies	 show	 that	 quinidine	 therapy	 is	 associated	 with	 a
threefold	 increase	 in	 the	 risk	 of	 sudden	 cardiac	 death	 when	 compared	 with
placebo	 or	 other	 antiarrhythmic	 agents,	 especially	 in	 patients	 with	 structural
heart	disease,	including	left	ventricular	dysfunction.6,7

FIGURE	18-2.	Structure	of	quinidine.

CLINICAL	PHARMACOLOGY9,10

ANTIMALARIAL	ACTIVITY
Quinidine	is	an	intraerythrocytic	schizonticide;	it	is	gametocidal	to	Plasmodium
vivax	and	P.	malariae,	but	not	to	P.	falciparum.	Quinidine	has	minimal	effects	on
sporozites	or	preerythrocytic	parasites.

ANTIARRHYTHMIC	ACTIVITY



Quinidine	 is	 a	 Class	 1A	 antiarrhythmic	 agent	 that	 is	 devoid	 of	 negative
inotropism.	 In	 cardiac	 muscle	 and	 in	 Purkinje	 fibers,	 quinidine	 depresses	 the
rapid	 inward	 depolarizing	 sodium	 current,	 thereby	 slowing	 phase-0
depolarization	 and	 reducing	 the	 amplitude	 of	 the	 action	 potential	 without
affecting	the	resting	potential.10	In	normal	Purkinje	fibers,	it	reduces	the	slope	of
phase-4	depolarization,	shifting	 the	 threshold	voltage	upward	 toward	zero.	The
result	 is	 slowed	 conduction	 and	 reduced	 automaticity	 in	 all	 parts	 of	 the	 heart,
with	 increase	 of	 the	 effective	 refractory	 period	 relative	 to	 the	 duration	 of	 the
action	potential	in	the	atria,	ventricles,	and	Purkinje	tissues.	Quinidine	also	raises
the	fibrillation	thresholds	of	the	atria	and	ventricles,	and	it	raises	the	ventricular
defibrillation	threshold	as	well.

By	 slowing	 conduction	 and	 prolonging	 the	 effective	 refractory	 period,
quinidine	can	interrupt	or	prevent	reentrant	arrhythmias	and	arrhythmias	due	to
increased	automaticity,	including	atrial	flutter,	atrial	fibrillation,	and	paroxysmal
supraventricular	tachycardia.	In	patients	with	the	sick	sinus	syndrome,	quinidine
can	 cause	 marked	 sinus	 node	 depression	 and	 bradycardia.	 In	 most	 patients,
however,	 use	 of	 quinidine	 is	 associated	 with	 an	 increase	 in	 the	 sinus	 rate
secondary	to	quinidine’s	vagolytic	effects.

Quinidine	prolongs	the	QT	interval	in	a	dose-related	fashion,	which	may	lead
to	 increased	ventricular	automaticity	and	polymorphic	ventricular	 tachycardias,
including	 torsades	 de	 pointes	 (TdP).4-11	 Intravenous	 quinidine	 is	 a	 potent	 α-
adrenergic	 blocker	 that	 can	 precipitously	 lower	 blood	 pressure.	 These	 three
effects	can	adversely	affect	clinical	outcome	in	patient	with	cardiac	arrhythmias
requiring	treatment	with	quinidine.

INDICATIONS
Today,	 the	 range	 of	 indications	 for	 quinidine	 is	 curtailed	 by	 the	 increased
reliance	on	radiofrequency	ablative	surgery	and	implantable	devices	to	correct	or
control	 cardiac	 rhythm	 disturbances;	 by	 the	 awareness	 that	 treatment	 with
quinidine	can	increase	paradoxically	the	risk	of	sudden	cardiac	death;	and	by	the
evolution	 of	 more	 effective	 and	 potentially	 safer	 antiarrhythmic	 compounds
(e.g.,	 sotalol	 and	 amiodarone).4,11	 Quinidine	 may	 still	 play	 a	 useful	 role	 for
patients	 in	 whom	more	 advanced	 therapeutic	modalities	 are	 not	 acceptable	 or
contraindicated	(Table	18-1).	However,	 the	 use	 of	 quinidine	must	 follow	 clear
instruction	 to	 the	 patient	 that	 quinidine	 therapy	 is	 associated	 with	 a	 threefold
increase	 in	 the	 risk	 of	 sudden	 cardiac	 death	 when	 compared	 with	 placebo	 or
other	 antiarrhythmic	 agents,	 especially	 in	 patients	with	 structural	 heart	 disease



including	 left	 ventricular	 dysfunction	 as	 described	 in	 the	 FDA	 boxed	warning
(Table	18-2).6-11

TABLE
18-1 Use	of	Quinidine	in	Clinical	Practice

TABLE
18-2 FDA	Boxed	Warning	for	Quinidine

Trials	 of	 antiarrhythmic	 therapy	 for	 non-life-threatening	 arrhythmias,	 active
antiarrhythmic	therapy	resulted	in	increased	mortality;	the	risk	of	active	therapy
is	probably	greatest	in	patients	with	structural	heart	disease.

In	 the	 case	 of	 quinidine	 used	 to	 prevent	 or	 defer	 recurrence	 of	 atrial
flutter/fibrillation,	 the	 best	 available	 data	 come	 from	meta-analysis	 that	 show
mortality	associated	with	the	use	of	quinidine	was	more	than	three	times	greater
than	the	mortality	associated	with	the	use	of	placebo.

Meta-analysis	 of	 data	 from	 patients	 with	 non-life-threatening	 ventricular
arrhythmias	show	mortality	associated	with	quinidine	was	consistently	greater



than	 that	 associated	 with	 the	 use	 of	 any	 of	 a	 variety	 of	 alternative
antiarrhythmics.

CURRENTLY	AVAILABLE	DOSAGE	FORMULATIONS8,9

Quinidine	 is	 formulated	 as	 either	 the	 gluconate	 salt	 or	 the	 sulfate	 salt.	 On	 a
molar	 basis,	 267	mg	 of	 quinidine	 gluconate	 (QG)	 is	 equivalent	 to	 200	mg	 of
quinidine	 sulfate	 (QS).	 The	 gluconate	 salt	 is	 available	 for	 oral	 or	 parenteral
administration;	whereas,	the	sulfate	salt	comes	only	in	oral	formulations	(Table
18-3).

TABLE
18-3 Commercially	Available	Formulations	of	Quinidine

Quinidine	 formulations	 must	 be	 dispensed	 in	 well-closed,	 light-resistant
container	 with	 child-resistant	 closure.	 Formulations	 of	 quinidine	 should	 be
stored	at	ambient	 temperature	 (i.e.,	20°	 to	25°C	or	68°	 to	77°F)	and	should	be
protected	from	light	and	moisture.	Parenteral	quinidine	gluconate	is	stable	for	24
hours	 at	 ambient	 temperature	 and	 for	 48	 hours	 under	 refrigeration	 at	 4°C.
Approximately	 3	 percent	 of	 quinidine	 is	 lost	 to	 adsorption	 with	 a	 12-inch
polyvinyl	chloride	 (PVC)	catheter,	and	30	percent	of	drug	 is	 lost	 to	adsorption
with	a	112-inch	PVC	catheter.



DOSING	AND	ADMINISTRATION
The	initial	dosing	and	administration	of	quinidine	require	careful	monitoring	to
safeguard	against	the	potential	for	an	idiosyncratic	fall	in	blood	pressure	and/or
pro-arrhythmic	 effect	 (i.e.,	 quinidine	 syncope).12	 Therefore,	 therapy	 should	 be
initiated	only	when	the	patient	can	be	hospitalized	and	adequate	measures	are	in
place	for	continuous	monitoring	of	vital	signs	and	the	electrocardiogram.4,13	The
response	to	therapy	should	be	guided	by	electrophysiologic	testing,	evaluation	of
the	 serum	quinidine	concentration,	and	assessment	of	 the	patient’s	 tolerance	 to
quinidine	 (e.g.,	 acute	 gastric	 distress,	 diarrhea).	 Table	 18-4	 lists	 the
recommended	 initial	 dosing	 regimens	 for	 the	 various	 commercially	 available
formulations	 of	 quinidine.	 Dosage	 adjustment	 for	 renal	 failure,	 liver	 failure,
advanced	age,	or	obesity	will	be	discussed	elsewhere	in	this	chapter.

TABLE
18-4 Recommended	Initial	Dosing	Regimens	for	Quinidine



SAFETY
Cinchonism
The	most	common	side	effects	of	quinidine	are	gastrointestinal	complaints	or	the
occurrence	 of	 “cinchonism”	 (e.g.,	 tinnitus,	 headache,	 vertigo,	 fever,	 visual
disturbances,	or	 tremor).4	These	effects	occur	 in	susceptible	patients	and	 result
from	localized	gastric	 irritation	and	central	nervous	system	effects	of	cinchona
alkaloids.	Table	18-5	 lists	 side	effects	of	quinidine	 that	may	be	encountered	 in
the	clinical	setting.



TABLE
18-5

Adverse	Effects	of	Quinidine

Pro-arrhythmogenicity
Quinidine-induced,	concentration-dependent	prolongation	of	the	QT	interval	and



alpha-adrenergic	 blockade,	 especially	 with	 intravenous	 administration,	 can
precipitate	 syncope	 and	 sudden	 cardiac	 death.	 These	 effects	 are	 commonly
referred	to	as	“quinidine	syncope”	or	quinidine	associated	TdP.	The	frequency	of
TdP	is	approximately	4.5	percent	per	patient	year.4,11	While	initially	thought	to
be	 an	 idiosyncratic	 reaction,	 we	 now	 know	 that	 the	 occurrence	 of	 quinidine
syncope	 is	 highest	 among	patients	who	meet	 any	of	 the	 following	 criteria:	 (1)
impaired	 left	 ventricular	 function;	 (2)	 preexisting	 cardiac	 conduction
abnormalities,	such	as	familial	QT	prolongation	syndromes;	(3)	female	gender;
(4)	hypokalemia;	or	(5)	underlying	Afib.4,11-14	In	these	patients,	quinidine	should
be	used	only	if	the	benefits	outweigh	the	risks.

PHARMACOKINETICS8,9

The	 pharmacokinetics	 and	 pharmacodynamics	 of	 quinidine	 have	 been	 studies
extensively	 over	 the	 past	 30	 years.4,10,15	 Quinidine	 exhibits	 linear
pharmacokinetics	 in	 most	 patients.4,15,16	 Table	 18-6	 lists	 the	 pertinent
pharmacokinetic	parameter	for	quinidine

TABLE
18-6 Quinidine	Pharmacokinetics



BIOAVAILABILITY
The	 absolute	 bioavailability	 (F)	 of	 quinidine	 ranges	 from	 70	 percent	 to	 80
percent	 because	 the	 drug	 undergoes	 considerable	 first	 pass	 extraction	 in	 the
liver.15	The	presence	of	a	strong	first	pass	effect	explains	the	wide-ranging	(i.e.,
45%–100%)	 interindividual	 variability	 in	 F	 observed	 with	 quinidine.4	 The	 F
value	is	unaffected	by	the	formulation	of	quinidine	with	respect	to	either	the	salt
or	 the	use	of	IRT	or	EXT	formulations.	Oral	absorption	of	quinidine	following
administration	of	IRTs	is	complete	within	two	hours	after	administration.	Serum
quinidine	 concentrations	 peak	 approximately	 two	hours	 after	 administration	 of



IRTs;	 whereas,	 it	 takes	 approximately	 three	 to	 six	 hours	 to	 reach	 peak	 serum
quinidine	 concentrations	 following	 the	 administration	 of	 ERT	 formulations.
Food	decreases	the	rate	of	absorption	for	quinidine	without	altering	the	amount
of	drug	absorbed	over	time.	Most	importantly,	F	is	unchanged	by	the	presence	of
congestive	heart	failure	(CHF).17

VOLUME	OF	DISTRIBUTION
Quinidine	is	distributed	rapidly	to	most	organs	except	the	brain.	The	volume	of
distribution	of	quinidine	(VdQ)	ranges	from	2	to	3.5	L/kg	and	is	unchanged	by
age.16,17	However,	the	presence	of	CHF	can	reduce	VdQ	to	1.8	L/kg	because	of
decreased	perfusion	of	body	tissues,	with	an	associated	increase	in	the	amount	of
drug	remaining	in	plasma.17	Renal	disease	may	also	decrease	VdQ	because	of	an
increase	 in	 plasma	 protein	 binding	 (PPB)	 that	 keeps	 quinidine	 in	 the
intravascular	space.16	In	contrast,	liver	failure	and	hypoalbuminemia	reduce	PPB
and	increase	VdQ	up	to	5	L/kg.	Smoking	does	not	appear	to	alter	VdQ.

PLASMA	PROTEIN	BINDING

Quinidine	binds	avidly	to	α1-acid	glycoprotein	and	to	albumin.	Within	the	serum
quinidine	concentration	 range	of	2–6	mg/L,	quinidine	 is	80–88	percent	plasma
protein	bound	 in	adults	 and	older	children.	Quinidine	PPB	falls	 to	between	50
percent	 and	 70	 percent	 in	 neonates	 and	 infants	 as	 well	 as	 during	 pregnancy.
Because	α1-acid	glycoprotein	levels	are	increased	in	response	to	stress,	the	total
amount	of	quinidine	in	the	intravascular	space	will	increase,	but	the	free	fraction
or	 active	 fraction	of	quinidine	 (i.e.,	which	exerts	 its	pharmacologic	 effect	may
fall	in	acute	stress	states	such	a	circulatory	shock	or	acute	myocardial	infarction.
The	PPB	of	quinidine	is	increased	in	chronic	renal	failure,	but	binding	abruptly
falls	 toward	 or	 below	 normal	 when	 heparin	 is	 administered	 for	 hemodialysis
because	of	displacement	of	quinidine	at	PPB	sites	by	heparin.	Quinidine	readily
crosses	 the	 placenta	 and	 is	 found	 in	 breast	 milk.18	 The	 administration	 of
quinidine	 during	 pregnancy	 can	 cause	 damage	 to	 the	 eighth	 cranial	 nerve	 in
utero	as	well	as	posing	a	risk	for	transient	neonatal	thrombocytopenia.19

TOTAL	BODY	CLEARANCE	AND	PLASMA	HALF-LIFE
Hepatic	Metabolism



Approximately	 60–85	 percent	 of	 an	 administered	 dose	 of	 quinidine	 undergoes
biotransformation	via	hepatic	CYP3A4.15,16	Total	body	clearance	 for	quinidine
(ClQ)	 is	 3–5	 mL/min/kg	 in	 adults,	 and	 6–15	 mL/min/kg	 in	 children.	 The
elimination	half-life	for	quinidine	(T½Q)	is	6–8	hours	in	adults	and	3–4	hours	in
children.	Quinidine	clearance	is	not	reduced	by	hepatic	cirrhosis.16	The	hepatic
metabolism	of	quinidine	gives	rise	to	two,	pharmacologically	active	metabolites
(i.e.,	3-hydroxyquinidine	(3HQ)	and	2-oxyquinidinone).4	The	3HQ	metabolite	is
of	 clinical	 importance	 because	 3HQ	 is	 50	 percent	 as	 potent	 as	 quinidine	 and
accumulates	 during	 chronic	 therapy.20	 Metabolite	 3HQ	 contributes	 to	 the
prolongation	 of	 the	 QT	 interval	 observed	 during	 treatment	 with
quinidine.4,10,15,20	The	volume	of	distribution	of	3HQ	appears	to	be	larger	than
that	of	quinidine,	and	the	elimination	half-life	of	3HQ	is	about	12	hours.10,15

Renal	Elimination	of	Unchanged	Quinidine
Approximately	 15–40	 percent	 of	 the	 administered	 dose	 of	 quinidine	 is
eliminated	unchanged	via	glomerular	filtration	and	active	tubular	secretion.4	The
renal	 elimination	 of	 quinidine	 is	 moderated	 by	 pH-dependent,	 renal	 tubular
reabsorption.	 Quinidine	 is	 a	 basic	 alkaloid;	 therefore,	 urinary	 acidification
increases	the	quantity	of	ionized	quinidine	in	the	urine.	Because	only	unionized
drug	 can	 be	 reabsorbed	 via	 the	 renal	 tubules,	 acidified	 urine	 decreases	 the
amount	of	quinidine	reabsorbed	by	the	renal	tubules	and	increases	the	amount	of
quinidine	 excreted	 unchanged	 in	 urine.21	 Conversely,	 urinary	 alkalinization
allows	 quinidine	 to	 become	 unionized	 and	 readily	 reabsorbed	 by	 the	 renal
tubules.	 Thus,	 an	 alkaline	 urine	 increase	 the	 tubular	 reabsorption	 of	 quinidine
thereby	 increasing	 the	 amount	 of	 quinidine	 retained	 in	 the	 circulation	 and
reducing	 the	 amount	 of	 unchanged	 drug	 recovered	 in	 urine.21	 The	 net	 renal
clearance	of	quinidine	is	about	only	about	1	mL/min/kg	in	healthy	adults.

QUINIDINE	ASSAYS
The	serum	quinidine	concentration	measured	in	blood	varies,	depending	on	the
assay	 used	 thus	 creating	 a	 source	 of	 confusion.4,10,15,20	 If	 a	 laboratory	 uses	 a
nonspecific	assay	for	quinidine,	then	the	values	reported	for	the	serum	quinidine
concentration	will	 include	 the	 sum	 of	 quinidine	 plus	 its	 two	metabolites.	 The
therapeutic	 range	 for	quinidine	when	measured	by	nonspecific	assay	 is	usually
reported	 to	be	2–6	mg/L.	 If	 the	serum	quinidine	concentration	 is	measured	via
high-pressure	 liquid	 chromatography,	 an	 assay	 specific	 for	 quinidine,	 then	 the



therapeutic	 range	 for	 quinidine	 is	 1–3	 mg/L.	 Clinicians	 should	 contact	 their
clinical	 laboratory	 to	 become	 informed	 about	 the	 assay	 used	 to	 measure	 the
serum	quinidine	concentration	in	their	patients.

CONDITIONS	OF	ALTERED	PHARMACOKINETICS
The	clinical	conditions	described	in	this	section	contribute	to	a	reduction	in	ClQ.
Patients	who	exhibit	any	of	the	conditions	warrant	a	reduction	in	their	total	daily
dose	 of	 quinidine	 and	 require	 careful	 monitoring	 for	 signs	 and	 symptoms	 of
cinchonism,	as	well	as	monitoring	of	their	serum	potassium	concentrations,	their
electrocardiograms,	 and	 their	 serum	 quinidine	 concentrations	 to	 prevent	 the
occurrence	of	quinidine	toxicity.

Hepatic	or	Renal	Failure
Hepatic	 and	 renal	 impairment	 decrease	 ClQ	 and	 increase	 T½Q.4	 The	 dosing
interval	 for	 IRT	 of	 quinidine	 should	 be	 reduced	 to	 no	 more	 than	 twice	 daily
when	creatinine	clearance	drops	below	50	mL/min.16

Age
Age	also	affects	the	pharmacokinetics	of	quinidine.	Studies	show	that	ClQ	falls
and	T½Q	increases	in	patients	60	years	of	age	or	older.4,15,16	The	changes	reflect
age-dependent	reductions	in	renal	function.

Heart	Failure
The	 presence	 of	 left	 ventricular	 dysfunction	 (ejection	 fraction	 below	 30%)
reduces	 ClQ	 and	 increases	 T½Q;	 however,	 F	 is	 unchanged.4,15,17	 Although
quinidine	 is	not	a	negative	 inotrope,	accumulation	of	 the	drug	 in	 the	setting	of
heart	failure	will	increase	the	risk	of	TdP.

DRUG	INTERACTIONS4,8,9

Quinidine	 interacts	with	many	drugs	 to	produce	clinically	 relevant	 interactions
that	 must	 be	 considered	 if	 concurrent	 therapy	 is	 to	 be	 administered.4	 Drug
interactions	 with	 quinidine	 can	 be	 divided	 into	 pharmacodynamic	 interactions
(Table	 18-7)	 or	 pharmacokinetic	 interactions	 (Table	 18-8).	 Pharmacodynamic
interactions	produce	changes	in	the	intensity	of	the	pharmacologic	effects	of	one



of	the	interacting	drug	pairs	without	changing	the	serum	concentration	of	either
medication.	Pharmacokinetic	drug	 interactions	occur	as	 the	result	of	quinidine-
induced	 inhibition	 of	 hepatic	 cytochrome	 CYP2D6	 to	 either	 increase	 the
concentration	 of	 those	 medications	 metabolized	 by	 CYP2D6	 or	 decrease	 the
formation	 of	 active	 moieties	 from	 prodrugs	 that	 require	 CYP2D6-dependent
activation	in-vivo	(see	Table	18-8).	Quinidine	is	a	substrate	for	CYP3A4	albeit
no	significant	drug-drug	 interactions	are	observed	as	 the	 result	of	 inhibition	or
induction	of	CYP3A4	(see	Table	18-8).	Agents	 that	alkalinize	 the	urine	reduce
the	 renal	 elimination	 of	 quinidine	 and	 increase	 the	 serum	 quinidine
concentration.

TABLE
18-7 Quinidine-Related	Pharmacodynamic	Drug-Drug	Interactions



TABLE
18-8 Quinidine-Related	Pharmacokinetic	Drug-Drug	Interactions





CASE	STUDIES

CASE	1:	LOADING	DOSE	AND	ADMINISTRATION
RG	 is	 a	 72-year-old	 female	 with	 new	 onset	 Afib.	 She	 is	 anticoagulated	 with
warfarin	 (INR	 2.2)	 and	 is	 admitted	 to	 the	 hospital	 for	 initiation	 of	 quinidine
therapy.	 The	 patient	 is	 also	 receiving	 digoxin	 0.25	 mg	 daily	 (serum	 digoxin
concentration	 is	 1.1	 ng/mL).	Her	 past	medical	 history	 is	 remarkable	 for	 heart
failure	 (ejection	 fraction	 35%),	 ischemic	 heart	 disease,	 elevated	 lipids,	 and
hypertension.	RG	does	not	smoke	or	drink.	Her	medications	include	lisinopril	40
mg	daily;	furosemide	40	mg	twice	daily;	spironolactone	25	mg	daily;	carvedilol
12.5	mg	twice	daily;	aspirin	81	mg	daily;	pravastatin	40	mg	daily;	digoxin	0.25
mg	daily;	warfarin	5	mg	daily;	one	multivitamin	with	iron.

Height	=	5′7″
Weight	=	70	kg
Serum	creatinine	=	0.92
Calculate	a	loading	dose	and	maintenance	dose	regimen	of	quinidine	sulfate

IRT	to	achieve	a	peak	serum	quinidine	concentration	(CpQ)	of	3	mg/L.

Loading	Dose
To	calculate	the	loading	use	the	following	formula:

The	bioavailability	of	quinidine	sulfate	IRT	=	0.7	and	the	salt	fraction	(S)	=
0.83	for	quinidine	sulfate.



RG	 should	 receive	 600	 mg	 of	 quinidine	 sulfate	 IRT	 (i.e.,	 300	 mg	 IRT;
quantity	=	2)	orally	as	one-time	dose.

Measurement	of	Serum	Concentration
Although	not	yet	at	steady	state,	a	peak	serum	quinidine	concentration	obtained
following	 the	 loading	 dose	 of	 quinidine	 can	 help	 determine	 whether	 an
appropriate	 loading	 dose	 was	 administered.	 A	 serum	 quinidine	 concentration
should	be	ordered	at	 the	peak	of	 the	oral	 absorption	of	 IRT	of	 the	 sulfate	 salt.
The	 oral	 absorption	 of	 quinidine	 sulfate	 is	 complete	within	 two	 hour	 after	 the
administration	of	IRT	of	the	sulfate	salt.	Therefore,	the	correct	time	to	obtain	a
blood	 sample	 to	measure	 the	peak	 serum	quinidine	 concentration	 is	 two	hours
after	the	administration	of	IRT	of	quinidine	sulfate.

Loading	Dose	Targeted	to	a	Specific	Serum	Concentration
RG’s	peak	serum	quinidine	concentration	was	only	1.7	mg/L	following	the	initial
600	mg	 oral	 loading	 dose.	What	 dose	 of	 IRT	 oral	 quinidine	 sulfate	 should	 be
given	 to	 achieve	 a	 therapeutic	 concentration	 of	 3	 mg/L?	 Using	 the
pharmacokinetic	dosing	strategy,	an	additional	loading	dose	can	be	calculated	if
a	 patient	 has	 a	 subtherapeutic	 peak	 serum	 quinidine	 concentration.	 The	 same
principles	 are	 used	 as	 with	 initial	 loading	 doses,	 altering	 the	 targeted	 serum
concentration	 to	 reflect	 the	 degree	 of	 increase	 desired.	 The	 additional	 loading
dose	to	 increase	by	a	specific	concentration	can	be	calculated	by	the	following
equation:



CASE	2:	MAINTENANCE	DOSE	OF	QUINIDINE
GLUCONATE	USING	POPULATION	PHARMACOKINETICS
METHOD
EG	 is	 a	 55-year-old	 male	 (125	 kg)	 with	 recurrent,	 sustained	 monomorphic
ventricular	tachycardia	documented	by	electrophysiologic	testing,	suppressed	by
quinidine	 at	 peak	 serum	 quinidine	 concentration	 of	 5	 mg/L	 following	 oral
administration	of	quinidine	gluconate.

QUESTION	1
What	oral	maintenance	dose	(MD)	of	quinidine	gluconate	should	EG	receive	to
achieve	a	peak	serum	quinidine	concentration	of	2.5	mg/L?

Answer:
The	 oral	 MD	 of	 quinidine	 gluconate	 is	 calculated	 by	 multiplying	 the	 desired
peak	serum	quinidine	concentration	by	the	total	body	clearance	of	quinidine	(4
mL/min/kg,	or	0.24	L/kg/hr)	and	the	dosing	interval.	Since	we	selected	quinidine
gluconate	ERT	for	the	MD,	the	bioavailability	is	approximately	70	percent	(F	=
0.7)	and	the	salt	fraction	(S)	is	0.62.	The	following	equation	is	used	to	calculate
MD	for	EG:



MD	=	1,036	mg	=	Quinidine	gluconate	324	mg	ERT,	quantity	3	tabs,	PO	every	6
hours

QUESTION	2

If	the	patient	does	not	receive	a	loading	dose,	how	long	will	it	take	to	achieve	a
serum	quinidine	concentration	of	2.5	mg/L?

Answer:
To	determine	how	much	 time	 it	will	 take	 for	EG	to	achieve	a	serum	quinidine
concentration	of	2.5	mg/L,	you	must	perform	several	calculations.	First	you	must
determine	the	half-life	of	quinidine	in	EG.	From	the	half-life	you	will	derive	the
elimination	rate	constant	with	the	following	steps:

Step	1:	Calculate	half-life	(T½).



Step	2:	Calculate	elimination	rate	constant	(Ke).

Step	3:	Calculate	concentration	at	end	of	one	half-life	(Cp	at	T1).

Convert	total	daily	dose	to	mg/hr	=	324	mg/ERT	×	3	tabs/dose	×	4	doses/24	hr	=
162	mg/hr



Step	4:	Calculate	time	to	achieve	a	serum	quinidine	concentration	of	2.5
mg/L	(T2).

CASE	3:	CALCULATION	OF	EXPECTED	STEADY-STATE
LEVEL
BK	is	a	70-year-old	male	(105	kg)	receiving	quinidine	sulfate	ERT	600	mg	every
8	hours	for	the	treatment	of	Afib/flutter.

QUESTION	1
What	would	be	the	expected	steady-state	serum	quinidine	concentration	in	BT	at
the	end	of	each	dosing	interval?



Answer:
The	 trough	 steady-state	 serum	 quinidine	 concentration	 in	 BK	 is	 calculated	 by
utilizing	the	following	equation:



From	 CSSmin,	 you	 can	 calculate	 the	 steady-state	 peak	 serum	 quinidine
concentration	for	BT	by	using	the	following	equation:

Alternatively,	 the	 following	 equations	 may	 be	 used	 to	 calculate	 CSSmax	 and
CSSmin.

QUESTION	2



Therefore,	if	asked	to	calculate	CSSmin	and	CSSmax	for	BG,	an	80-year-old	female
(60	kg)	taking	quinidine	gluconate	324	mg	ERT	once	every	8	hours	and	who	has
coexisting	 end-stage	 renal	 failure	 (creatinine	 clearance	 =	 20	 mL/min)	 and
severe	 congestive	 heart	 failure	 (Kilip	Class	 III,	 ejection	 fraction	=	 20%),	 you
would	perform	the	following	calculations:

Answer:

Step	1.	Calculate	the	total	body	clearance	of	quinidine	using	the	following
equation:

Total	body	clearance	of	quinidine	=	2	mL/min/kg
Convert	clearance	to	L/kg/hr	=	0.12	L/kg/hr
Total	body	clearance	of	quinidine	=	0.12	L/kg/hr	×	60	kg
Total	clearance	of	quinidine	=	7.2	L/hr

Step	2.	Derive	Ke	quinidine	(hr–1)	from	total	body	clearance	of	quinidine
using	the	following	equation:
Total	clearance	of	quinidine	=	Ke	×	Vd

Total	clearance	of	quinidine	=	7.2	L/hr	=	[Ke	(hr–1)]	×	[2	L/kg	×	60	kg]

Total	clearance	of	quinidine	=	7.2	L/hr	=	[Ke	(hr–1)]	×	[102	L]

Step	3.	Solve	for	CSSmax	using	the	following	equation:



Step	4.	Solve	for	CSSmin	using	the	following	formula:



CASE	4:	PATIENT-SPECIFIC	PHARMACOKINETICS
TJ	is	a	65-year-old	former	baseball	star	who	has	developed	AFib/flutter	that	is
resistant	 to	 other	 medical	 therapies,	 and	 he	 is	 not	 a	 candidate	 for	 surgical
intervention,	 radiofrequency	 ablation,	 or	 implantable	 devices	 to	 control	 his
Afib/flutter.	 He	 currently	 takes	 digoxin	 0.25	 mg/day	 (serum	 digoxin
concentration	0.9	ng/mL)	and	warfarin	2.5	mg	every	other	day	(INR	2.5).	He	is
referred	to	your	pharmacokinetic	consult	service	because	his	cardiologist	want
to	 change	 his	 quinidine	 sulfate	 IRT	 300	 mg,	 2	 tablets	 PO	 five	 times	 daily	 to
quinidine	 sulfate	 ERT	 PO	 tid	 regiment	 to	 help	 TJ	 with	 his	 medication
compliance.	TJ	weighs	90	kg	and	his	steady-state	serum	quinidine	concentration
measured	just	prior	to	his	afternoon	dose	today	was	3.95	mg/L.

QUESTION	1
How	would	 you	 convert	 TJ’s	 current	 quinidine	 sulfate	 regimen	 to	 a	 quinidine
gluconate	ERT	regimen	as	requested	by	the	cardiologist?

Answer:

Step	1.	You	must	first	determine	the	total	daily	dose	quinidine	base
currently	prescribed	based	on	his	current	quinidine	sulfate	IRT	regimen	by
using	the	following	equation:
Total	 daily	 dose	 of	 quinidine	 base	 =	 Total	 daily	 dose	 of	 quinidine	 sulfate
(mg/day)	×	(Salt	fraction)	×	(Bioavailability)
Total	daily	dose	of	quinidine	base	=	(300	mg/tab	×	10	tabs/day)	×	[(0.83)(0.7)]
Total	daily	dose	of	quinidine	base	=	(3,000	mg/day)	×	0.581
Total	daily	dose	of	quinidine	base	=	1,743	mg/day

Step	2.	Convert	1,743	mg/day	quinidine	base	to	equivalent	daily	dose	of
quinidine	gluconate	administered	in	three	divided	daily	doses	using	the
following	equation:



Step	3.	Determine	the	number	of	tablets	per	dose	to	administer	quinidine
gluconate	ERT	three	times	daily	by	using	the	following	equation:

QUESTION	2



TJ’s	 cardiologist	 wishes	 to	 know	 how	 soon	 after	 the	 start	 of	 the	 quinidine
gluconate	can	he	obtain	a	steady-state	peak	serum	quinidine	concentration?

Answer:
As	 a	 clinical	 pharmacokineticist,	 you	 know	 that	 a	 medication	 reaches	 steady
state	 after	 approximately	 five	 half-lives.	 To	 determine	 the	 amount	 of	 time
required	 for	 quinidine	 to	 reach	 steady	 state	 after	 the	 start	 of	 the	 quinidine
gluconate	ERT	oral	regimen,	you	must	calculate	the	half-life	of	quinidine	in	TJ
by	using	the	following	equation:

You	can	extrapolate	Ke	for	quinidine	in	TJ	by	using	his	last	known	steady-state
serum	quinidine	concentration	and	the	corresponding	oral	quinidine	sulfate	ERT
(i.e.,	 600	mg	 (2	 tabs)	 five	 times	 daily)	 using	 the	 formula	 for	 the	 steady-state
serum	quinidine	concentration	as	follows:

Step	1.

Please	note	 that	you	are	using	 the	steady-state	concentration	obtained	from	the
quinidine	sulfate	 IRT	data	so	 the	value	 for	 (S)	must	 reflect	 the	sulfate	salt	and
not	the	gluconate	salt.
Therefore,	the	preceding	equation	is	set	up	as	follows:



Step	2.	Use	the	following	formula	to	solve	for	T½	for	quinidine	in	hours.

Quinidine	half-life	(hr)	=	0.693/	Ke

Quinidine	half-life	(hr)	=	0.693/0.072	hr-1

Quinidine	half-life	(hr)	=	9.6	hr

Step	3.	Time	to	steady	state	=	5	half-lives;	5	×	9.6	hr	=	48	hr

QUESTION	3

Lastly,	TJ’s	 cardiologist	wishes	 to	 know	what	 can	he	 estimate	 the	new	 steady-
state	 serum	 quinidine	 concentration	 will	 be	 on	 TJ’s	 quinidine	 gluconate	 ERT
(972	mg	every	8	hours)?

Answer:



You	 can	 determine	 the	 new	 steady-state	 quinidine	 concentration	 using	 the
following	formula:

CASE	5:	DRUG	INTERACTIONS
JK	is	a	69-year-old	female	with	congestive	heart	failure	(Kilip	Class	III;	ejection
fraction	 of	 22%),	 sustained	monomorphic	 ventricular	 tachycardia	 treated	with
quinidine	 gluconate	 324	mg	 (2	 tablets)	 PO	 every	 8	 hours,	 and	COPD	 treated
with	inhaled	ipratropium	bromide	combined	with	albuterol	(Combivent)	2	puffs
every	 6	 hours.	 Last	 week	 the	 patient	 suffered	 an	 exacerbation	 of	 chronic
bronchitis	 and	was	 prescribed	 clarithromycin	 500	mg	PO	bid	 for	 10	 days.	 JK
takes	warfarin	5	mg	daily	for	recurrent	DVTs.	Her	INR	last	week	was	1.9.	Today,
she	 presents	 to	 the	 emergency	 department	 (ED)	 with	 complaints	 of	 tinnitus,
palpitations,	nausea,	vomiting,	and	diarrhea.	The	ED	physicians	 requested	 the
old	medical	records	from	clinic	and	obtained	a	12-lead	EKG	as	well	as	a	STAT
serum	 quinidine	 concentration.	 The	 EKG	 showed	 new	 onset	 QT	 prolongation
and	 a	 U	 wave.	 Her	 serum	 potassium	 concentration	 was	 4.2	 mEq/L;	 and	 her
serum	 quinidine	 concentration	 was	 7.9	 mg/L.	 up	 from	 4.1	 mg/L	 measured	 in
clinic	when	 JK	was	 seen	 for	 her	COPD	 exacerbation	 and	 she	was	 prescribed
clarithromycin.	Of	interest,	JK’s	INR	today	in	the	ED	was	2.9,	 from	1.9	during
the	same	time	frame	as	the	change	in	serum	quinidine	concentration;	she	shows



no	 objective	 evidence	 of	warfarin-induced	 bleeding	 or	 other	warfarin-induced
side	effects	at	this	time.	JK’s	weight	today	was	80	kg.	The	ED	physicians	stops
all	 medications	 and	 requests	 a	 pharmacokinetic	 STAT	 consult	 to	 address	 the
following	questions.

QUESTION	1

What	is	the	patient’s	current	clearance	of	quinidine?

Answer:
You	must	 first	determine	 the	clearance	of	quinidine	 in	 JK	before	and	after	 the
initiation	 of	 clarithromycin,	 which	 can	 be	 accomplished	 by	 means	 of	 the
following	equation:



QUESTION	2

What	was	the	quinidine	clearance	prior	to	the	start	of	clarithromycin?

Answer:
Now	 you	 must	 determine	 the	 clearance	 of	 quinidine	 from	 the	 body	 after	 the
initiation	 of	 clarithromycin	 500	 mg	 tid	 by	 solving	 for	 quinidine	 steady-state
concentration	with	the	following	equation:

QUESTION	3

How	long	before	JK’s	serum	quinidine	concentration	returns	to	a	baseline	value
of	4.1	mg/L?



Answer:
To	 determine	 the	 time	 it	 will	 take	 from	 now	 to	 obtain	 a	 steady-state	 serum
quinidine	concentration	of	4.1	mg/L,	you	can	use	the	following	equation:

QUESTION	4

What	factors	caused	the	INR	to	rise	from	1.9	to	2.9	without	a	change	in	dose	of
warfarin?

Answer:
In	 this	 patient,	 the	 addition	 of	 clarithromycin,	 a	 potent	 inhibitor	 of	 hepatic
cytochrome	P450	enzyme	produces	a	significant	reduction	in	the	metabolism	of
both	quinidine	and	warfarin	such	that	each	of	 the	agents	produced	exaggerated
pharmacologic	 responses.	 Notably,	 JK	 presented	 to	 the	 ED	 with	 signs	 and
symptoms	of	 quinidine	 toxicity	 (i.e.,	QT	prolongation	with	prominent	U	wave
and	 cinchonism).	 Furthermore,	 the	 increased	 amount	 of	 quinidine	 in	 JK
produced	 an	 increased	 hypoprothombonemic	 effect	 that	 accentuated	 the
clarithromycin-induced	 increase	 in	 warfarin	 response	 observed	 in	 JK.
Fortunately,	no	evidence	of	warfarin-induced	bleeding	was	present.



CASE	6:	MANAGEMENT	OF	OVERDOSE
RW	is	a	53-year-old	female	(75	kg)	who	ingested	approximately	15	tablets	from
a	bottle	of	#90	tablets	quinidine	sulfate	300	mg	IRT	in	an	attempted	suicide.	She
presents	to	the	ED	approximately	3	hours	after	ingestion	obtunded,	diaphoretic,
tachycardic,	and	delirious.	Her	vital	 sighs	 show	 that	 she	has	a	 temperature	of
100.8°F;	a	pulse	of	115	beats	per	minutes	and	it	is	regular;	her	respirations	are
24;	 and	 her	 systemic	 arterial	 pressure	 is	 88/40	mm	Hg.	 The	 serum	 quinidine
concentration	on	admission	to	the	ED	was	9.7	mg/L.	The	EKG	shows	impaired
intraventricular	conduction	(QRS	140	msec.),	and	the	QT	interval	corrected	for
a	heart	rate	of	115	beats	per	minute	measured	500	msec.	The	patient	is	receiving
physiologic	saline	at	a	rate	of	250	mL/hr.	The	physicians	in	the	ED	wish	to	know
if	quinidine	can	be	removed	by	any	form	of	dialysis	or	hemoperfusion.	They	wish
to	know	your	recommendations	regarding	the	treatment	of	an	acute	overdose	of
quinidine.

QUESTION	1
Is	quinidine	removed	from	the	body	by	extracorporeal	removal	mechanisms?

Answer:
No.	Quinidine	is	minimally	removed	by	any	form	of	dialysis	or	hemoperfusion.

QUESTION	2
What	is	the	appropriate	treatment	in	this	case?

Answer:
Patients	with	quinidine	overdose	should	always	be	admitted	to	an	intensive	care
unit.	Because	cardiovascular	shock	may	occur	rapidly,	intravenous	access	lines,
oxygen,	and	monitoring	of	ECG	and	vital	signs	are	the	first	priorities.	Treatment
depends	on	the	dose	ingested	and	on	the	severity.	It	includes	gastric	lavage	and
supportive	treatment	with	artificial	ventilation,	inotropic	and	vasopressor	drugs,
and	 hypertonic	 sodium	 solutions.	EKG	monitoring	 is	 required	 to	 detect	 cardio
toxicity.	 The	 patient	 should	 have	 a	 complete	 metabolic	 panel	 drawn	 on



admission.	Measurement	 of	 serum	 quinidine	 concentrations	may	 be	 helpful	 in
diagnosis	but	is	not	useful	for	clinical	management.	Levels	over	8	mg/l	may	be
associated	with	toxic	symptoms	and	levels	over	12	to	14	mg/l	are	usually	seen	in
patients	with	severe	cardiotoxicity.	Systematically	monitor	vital	signs,	EKG,	b	lo
od	pressure,	and	central	venous	pressure.	Repeated	noninvasive	blood	pressure
monitoring	 is	 essential	 for	 the	 detection	 of	 circulatory	 arrest	 due	 to
electromechanical	dissociation.

Reversal	of	the	quinidine-induced	sodium	channel	blockade	is	induced	can	be
accomplished	 either	 with	 molar	 sodium	 lactate	 (100–250	 mL	 over	 15–45
minutes)	 or	 molar	 sodium	 bicarbonate—100–250	 mL	 of	 molar	 sodium
bicarbonate	 solution	 (8.4	 g/L)	 over	 15–45	 minutes.	 Consider	 adding	 2	 g
potassium	chloride	per	250	mL	of	these	solutions	in	order	to	avoid	hypokalemia.
Repeated	 monitoring	 of	 electrolytes	 is	 necessary	 because	 hypernatremia	 and
hypokalemia	may	appear.	Antiarrhythmic	drugs,	especially	those	with	quinidine-
like	 effects,	 are	 contraindicated.	 Electric	 counter-shock	 is	 indicated	 for
ventricular	 fibrillation,	 sustained	ventricular	 tachycardia,	or	 torsade	de	pointes.
Convulsions	 may	 be	 treated	 by	 intravenous	 diazepam.	 Initial	 hypokalemia
should	be	corrected	cautiously.	Hypokalemia	persisting	beyond	8	hours	after	the
ingestion	 may	 promote	 ventricular	 dysrhythmia	 and	 should	 be	 corrected.
Administer	 potassium	 continuously	 with	 frequent	 monitoring	 of	 plasma
potassium	levels	(every	4	hours).	Add	5	g	KCl	to	500	mL	of	dextrose	5	percent
and	do	not	exceed	infusion	of	more	than	1–1.5	g	KCl	per	hour.	No	antidote	for
quinidine	is	available.
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CHAPTER 	19
Valproic	Acid
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Valproic	acid	(VPA)	is	a	broad-spectrum,	carboxylic	acid-derived	anticonvulsant
that	has	been	used	 in	 the	 treatment	of	 epilepsy,	bipolar	disease,	 schizophrenia,
and	migraine	headache.	Its	main	mechanism	of	action	is	not	well	understood,	but
it	 is	 thought	 that	 it	 increases	 the	 amount	 of	 the	 inhibitory	 neurotransmitter,
gamma-aminobutyric	 acid	 (GABA),	 in	 the	 central	 nervous	 system	 (CNS).	 It
comes	in	several	different	preparations	and	salt	forms	(Table	19-1).	Divalproex
sodium	is	a	mixture	of	equal	parts	of	the	acid	and	sodium	salts	of	valproic	acid.
The	 delayed-release	 (Depakote)	 and	 extended-release	 (Depakote	 ER)
formulations	are	not	bioequivalent.1	A	20	percent	 increase	 in	 the	daily	dose	 is
recommended	when	switching	from	Depakote	to	Depakote	ER	to	account	for	the
differences	in	rate	and	extent	of	absorption.

TABLE
19-1 Valproic	Acid	Formulations



DOSING

Dosing	 is	 done	 in	 terms	of	 valproic	 acid	 content.	 For	 seizure	 disorders,	 initial
oral	dosing	 for	patients	10	years	of	age	and	older	 is	10–15	mg/kg/day.	Dosing
intervals	for	the	oral	and	parenteral	preparations	are	typically	every	8–12	hours
(although	 dosing	 every	 6	 hours	 may	 be	 needed	 in	 some	 patients),	 with	 the
exception	of	 the	extended-release	formulation,	which	can	be	administered	once
or	 twice	 daily.	The	 daily	 dose	 can	 be	 titrated	weekly	 by	 5–10	mg/kg/day	 to	 a
maximum	 recommended	 dose	 of	 60	 mg/kg/day.	 Loading	 doses	 are	 not
recommended	 for	 the	oral	VPA	 formulations	due	 to	 intolerable	gastrointestinal
side	effects;	however,	 intravenous	loading	doses	of	valproate	sodium	25	mg/kg
are	commonly	given	for	patients	in	status	epilepticus.	Intravenous	loading	doses
can	be	given	at	a	rate	of	1.5–3	mg/kg/min,	but	faster	rates	of	up	to	6	mg/kg/min
appear	to	be	safe.2,3,4	Therapeutic	drug	monitoring	(TDM)	is	used	in	conjunction
with	 the	 clinical	 exam	 to	 optimize	 seizure	 control	 and	 minimize	 toxicity.
Measuring	 serum	 concentrations	 is	 routinely	 performed	 via	 immunoassay,	 and



the	 therapeutic	 range	 is	 reported	 as	 50–100	 mcg/mL,	 although	 individual
patients	may	have	optimal	responses	outside	these	ranges.	Concentrations	higher
than	150	mcg/mL	are	associated	with	a	high	incidence	of	CNS	side	effects.	Free
(unbound)	concentrations	are	also	available	with	a	therapeutic	range	reported	to
be	 6–22	 mcg/mL	 with	 toxicity	 occurring	 above	 50	 mcg/mL.	 Trough	 levels
(obtained	 prior	 to	 a	 dose)	 are	 preferred	 to	 assure	 that	 minimum	 therapeutic
concentrations	are	maintained.	Diurnal	variations	in	the	serum	concentration	of
VPA	have	 been	 reported,	 so	 it	 is	 important	 to	 be	 consistent	when	 sampling	 in
order	to	properly	compare	levels	and	adjust	dosing	regimens.	Clearance	tends	to
be	higher	 in	 the	evening	compared	to	 the	morning	times5	 in	both	young	adults
and	 elderly	 subjects,6	 so	 trough	 levels	 are	 recommended	 before	 the	 morning
dose.

BIOAVAILABILITY

All	of	 the	formulations	of	valproic	acid	have	bioavailabilities	near	100	percent
(F	 =	 1),	 reflecting	 the	 absence	 of	 a	 first-pass	 effect	 in	 the	 liver.	 The	 enteric-
coated	formulation	has	a	bioavailability	of	approximately	90	percent	(F	=	0.9).7
Valproate	sodium	is	rapidly	converted	to	valproic	acid	in	the	stomach	and	then
readily	absorbed	via	the	gastrointestinal	tract.	Peak	concentrations	are	achieved
within	0.5–2	hours	after	oral	administration.8	The	presence	of	food	will	delay	the
peak	concentration	but	not	the	extent	of	absorption.9	The	volume	of	distribution
in	adults	is	reported	to	range	from	0.1	to	0.4	L/kg,10	indicating	that	VPA	remains
primarily	 within	 the	 intravascular	 and	 extracellular	 space.	 The	 volume	 of
distribution	 tends	 to	 increase	 with	 higher	 doses	 due	 to	 saturable	 protein
binding.11	 VPA	 has	 been	 isolated	 from	 cerebrospinal	 fluid	 (10%	 of	 serum
concentrations),	breast	milk	(1–10%	of	serum	concentrations),	and	saliva	(1%	of
serum	 concentrations,	 although	 correlation	 is	 poor).12	 It	 readily	 crosses	 the
placenta13	and	can	 increase	 the	 risk	of	neural	 tube	defects	 if	given	 in	pregnant
women.

PLASMA	PROTEIN	BINDING

VPA	is	approximately	90–95	percent	protein	bound,	primarily	to	serum	albumin.
The	 free	 fraction	 of	VPA	 ranges	 from	6	 to	 10	 percent,	 and	 its	 protein	 binding



depends	on	serum	concentration,	serum	albumin,	age,	and	end-organ	failure.	The
free	fraction	has	been	reported	to	be	increased	in	elderly	patients	(10.7%)	versus
younger	 adults	 (6.4%).6	 At	 concentrations	 above	 70	mcg/mL,	VPA	 displays	 a
higher	 free	 fraction	with	minimal	 changes	 in	 total	 concentration.	Renal	 failure
may	increase	the	free	fraction	to	18	percent	while	cirrhosis	can	increase	it	to	29
percent.	Caution	must	be	used	when	interpreting	total	VPA	serum	levels	in	these
patients	 because	 they	 can	 be	 falsely	 low	 while	 their	 free	 levels	 may	 be
therapeutic	 or	 higher.14	 In	 addition,	 VPA	 may	 displace	 other	 highly	 protein-
bound	 drugs,	 such	 as	 phenytoin;	 therefore,	 free	 phenytoin	 levels	 should	 be
monitored	when	these	drugs	are	given	concomitantly.15

METABOLISM

VPA	 is	 primarily	 metabolized	 in	 the	 liver	 via	 glucuronidation	 (40%),	 β-
oxidation,	and	ω-oxidation	(20%)	and	then	eliminated	via	the	kidneys,	with	less
than	3	percent	of	the	drug	excreted	in	the	urine	unchanged.	VPA	is	characterized
as	a	 low-extraction	drug	with	 its	clearance	being	 independent	of	hepatic	blood
flow.	Many	of	 the	metabolites	are	 thought	 to	be	 responsible	 for	anticonvulsant
activity	 as	 well	 as	 toxicity.16	 VPA	 has	 an	 average	 elimination	 half-life	 of	 11
hours	and	follows	first-order	kinetics.	The	mean	plasma	clearance	for	total	VPA
is	reported	to	be	approximately	6–7	mL/hr/kg	in	adults6	(range	5–10	mL/hr/kg),8
which	may	be	decreased	in	patients	with	renal	or	hepatic	failure,	and	increased
in	patients	taking	concomitant	hepatic	enzyme-inducing	agents.	Total	clearance
increases	with	 higher	 doses	 due	 to	 saturable	 protein	 binding,	which	 leads	 to	 a
higher	free	fraction	and	more	unbound	drug	available	for	metabolism	(assuming
normal	 hepatic	 function).10	 VPA	 acts	 as	 a	 substrate	 and	 inhibitor	 of	 various
cytochrome	 P450	 enzymes,	 reflecting	 a	 high	 potential	 for	 drug	 interactions
(Table	19-2).

TABLE
19-2 Cytochrome	P450	Enzymes	Associated	with	Valproic	Acid



CASE	STUDIES

CASE	1:	VALPROIC	ACID	LOADING	DOSE/MAINTENANCE
DOSE
A	 43-year-old	 female	 is	 admitted	 with	 status	 epilepticus.	 She	 has	 a	 history	 of
coronary	artery	disease,	hyperlipidemia,	and	asthma.	Her	medications	prior	to
admission	 include	 aspirin	 81	 mg	 PO	 daily,	 amlodipine	 10	 mg	 PO	 daily,
simvastatin	20	mg	PO	qhs,	and	Advair	250/50	 ii	puffs	BID.	She	has	no	known
drug	allergies.	Her	vital	signs	are:

HR:	107
BP:	100/56
RR:	20
T:	38.8°C
Height	=	63	inches
Weight	=	80	kg

QUESTION
What	is	the	best	approach	for	loading	and	maintenance	doses	for	this	patient?

Answer:



Intravenous	 (IV)	 loading	 doses	 will	 ensure	 rapid	 achievement	 of	 therapeutic
serum	levels	and	increase	the	likelihood	of	seizure	control	in	emergent	cases	of
status	 epilepticus.	Valproate	 sodium	 (Depacon)	 can	 be	 given	 as	 an	 IV	 load	 in
cases	 of	 status	 epilepticus,	 especially	 when	 concern	 for	 hemodynamic	 or
pulmonary	 compromise	 is	 present.	 One	 study	 reported	 a	 series	 of	 patients
receiving	21–28	mg/kg	of	IV	valproate	sodium	at	a	rate	of	3–6	mg/kg/min	(the
recommended	 rate	 for	 nonemergent	 administration	 is	 listed	 at	 20	 mg/min).17
Peak	 serum	 levels	 20	 minutes	 after	 the	 end	 of	 the	 infusion	 were	 105–204
mcg/mL,	 with	 no	 reports	 of	 hemodynamic	 or	 CNS	 side	 effects.	 This	 loading
dose	would	provide	therapeutic	serum	levels	until	a	maintenance	dosing	regimen
could	be	initiated	8–12	hours	later.

For	this	patient,	a	dose	of	30	mg/kg	(~2,400	mg)	given	at	400	mg/min	would
be	 reasonable	 to	 attain	 rapid	 therapeutic	 levels.	 Maintenance	 doses	 would	 be
calculated	 the	 traditional	 way:	 10–15	 mg/kg/day	 or	 800–1,200	 mg/day,	 or
valproate	sodium	500	mg	PO	q12h	with	the	first	dose	starting	12	hours	after	the
IV	load.	A	postload	serum	level	may	be	collected	 to	document	achievement	of
the	 therapeutic	 range,	 but	 clinical	 cessation	 of	 seizure	 activity	 should	 take
precedence.	Postload	levels	should	be	obtained	no	sooner	than	one	hour	after	the
loading	dose	to	assure	complete	distribution	and	an	accurate	reading.

Another	way	to	calculate	the	maintenance	dose	is	by	using	population-based
pharmacokinetic	parameters.	Using	the	following	equation:

where	 CSS	 is	 the	 steady-state	 concentration,	 F	 is	 bioavailability	 (1	 for
immediate-release	VPA;	0.9	for	sustained-release	VPA),	D	is	dose	in	milligrams,
τ	is	dosing	interval	in	hours,	and	Cl	is	clearance	(5–10	mL/hr/kg).	A	steady-state
concentration	of	50	mcg/mL	is	a	reasonable	target,	and	choosing	a	clearance	of
10	mL/hr/kg	would	give	us	a	conservative	recommendation.	So	for	this	patient,
the	dose	of	extended-release	VPA	given	every	12	hours	that	would	achieve	a	CSS
of	50	mcg/mL	(or	0.05	mg/mL)	would	be:



This	 dose	 can	 be	 rounded	 up	 to	 500	 mg	 every	 12	 hours.	 The	 timing	 of	 a
serum	level	can	be	determined	by	calculating	the	half-life:

To	obtain	a	true	steady-state	concentration,	a	VPA	level	should	be	checked	in
3–5	half-lives,	so	a	level	can	be	checked	after	52	hours	(10.4	×	5	=	52	hr).

CASE	2:	VPA	DRUG	INTERACTION	THAT	DECREASES
LEVELS
A	 42-year-old	 man	 is	 seen	 in	 the	 infectious	 diseases	 clinic	 for	 a	 two-month
follow-up	for	his	treatment	of	tuberculosis.	He	has	a	history	of	seizures	for	which
he	 takes	 Depakote	 500	 mg	 PO	 BID	 and	 hypertension	 for	 which	 he	 takes
metoprolol	 XL	 100	 mg	 PO	 daily.	 He	 takes	 Rifater®	 (rifampin,
isoniazid/pyrazinamide)	 6	 tablets	 PO	 daily	 for	 his	 infection.	 He	 reports	 an
increase	in	seizure	activity	in	the	last	few	weeks.	A	serum	level	is	collected	and	is
reported	to	be	20	mcg/mL	(his	serum	level	2	months	ago	was	60	mcg/mL).

TABLE
19-3 Valproic	Acid	Drug	Interactions



Height	=	70	inches
Weight	=	92	kg

QUESTION

What	approach	is	needed	to	address	the	patient’s	increase	in	seizure	activity?

Answer:
VPA	 is	 metabolized	 by	 glucuronidases	 in	 the	 liver	 and	 rifampin	 is	 a	 potent
inducer	 of	 these	 enzymes.	 A	 40	 percent	 increase	 in	 clearance	 can	 result	 from
concomitant	 use	 of	 rifampin	 or	 its	 derivatives,	 and	 its	 effect	 can	 be	 seen
relatively	quickly.	To	adjust	for	this	interaction,	a	higher	daily	dose	can	be	given
(increase	to	2	g/day	or	20	mg/kg/day),	and	the	dosing	interval	can	be	shortened
to	6	hours	(500	mg	PO	q6h).	A	serum	trough	level	can	be	obtained	in	3–4	days
to	 ensure	 attainment	 of	 therapeutic	 concentrations	 if	 no	 seizures	 are	 noted



beforehand.	Once	the	rifampin	therapy	is	complete,	the	VPA	can	be	decreased	to
the	previous	regimen	of	500	mg	PO	every	12	hours.	The	timing	of	this	change
may	 be	 difficult	 to	 predict.	 It	 is	 reasonable	 to	 wait	 until	 mild	 symptoms	 of
toxicity	 occur	 (e.g.,	 drowsiness),	 which	 signal	 a	 down-regulation	 of	 enzymes
responsible	 for	 VPA	 metabolism	 with	 subsequent	 increase	 in	 serum	 levels.
Another	 option	 would	 be	 obtaining	 a	 serum	 level	 in	 weekly	 intervals	 to
document	 the	 increase	 in	 serum	 VPA	 concentrations	 before	 decreasing	 to	 the
previous	dose.

Other	 agents	 that	 can	 induce	hepatic	 enzyme	 activity	 and	 thus	 decrease	 the
steady-state	 serum	 concentrations	 of	 VPA	 include	 phenytoin,18,19,20
lamotrigine,21	 and	carbamazepine.	As	seizure	control	 sometimes	 requires	more
than	 a	 single	 agent,	 anticonvulsants	 that	 induce	 or	 inhibit	 each	 other’s
metabolism15,22,23	 should	 be	 closely	 monitored	 for	 clinical	 effect	 as	 well	 as
therapeutic	serum	concentrations.

CASE	3:	DOSING	IN	RENAL	DYSFUNCTION
JJ	 is	 a	 54-year-old	 woman	 admitted	 with	 acute	 kidney	 injury	 from	 interstitial
nephritis.	 Her	 baseline	 serum	 creatinine	 is	 0.9	 mg/dL,	 and	 currently	 it	 is	 2.3
mg/dL.	She	has	a	history	of	seizures	for	which	she	takes	Depakote	250	mg	PO
TID.

QUESTION
What	 is	 the	 best	 recommendation	 for	 dose	 adjustments	 in	 a	 patient	with	 renal
insufficiency?

Answer:
Only	3	percent	of	VPA	is	excreted	unchanged	by	the	kidneys.	Dosing	adjustment
in	 renal	 impairment	 is	 unnecessary.	 However,	 patients	 with	 chronic	 renal
dysfunction	have	altered	protein	binding,	usually	as	a	result	of	low	albumin	and
retention	 of	 serum	proteins	 that	may	displace	VPA	 from	 its	 binding	 sites.	The
result	may	 be	 increased	 free	 fraction	 of	VPA	with	 typically	 normal	 total	VPA
levels.	Therapeutic	drug	monitoring	using	free	VPA	levels	may	be	necessary	to
prevent	unnecessary	dosage	increases	and	subsequent	toxicities.



CASE	4:	DOSING	IN	HEMODIALYSIS
SB	 is	 a	 58-year-old	 man	 with	 end-stage	 renal	 disease	 on	 hemodialysis	 three
times	weekly.	He	has	a	new	diagnosis	of	migraine	headaches	and	was	prescribed
Depakote	ER	500	mg	PO	daily.

QUESTION
What	modifications,	if	any,	are	required	to	manage	his	VPA	therapy?

Answer:
The	qualities	of	a	drug	that	affect	its	ability	to	be	dialyzed	include	its	molecular
weight,	 protein	 binding,	 volume	 of	 distribution,	 and	 water	 solubility.
Hemodialysis	tends	to	decrease	VPA	serum	concentrations	by	about	20	percent,
but	no	supplemental	doses	are	recommended.	Protein	binding	may	be	decreased
in	renal	failure	patients,	resulting	in	low	to	normal	total	serum	levels,	but	higher
than	expected	 free	concentrations.	 If	 signs	of	concentration-related	 toxicity	are
seen	 (e.g.,	 increased	 somnolence,	 dizziness,	 tremor,	 thrombocytopenia),	 a	 free
level	 should	 be	 checked	 because	 total	 levels	may	 be	misleading.	 No	 standard
therapeutic	range	is	established	for	valproic	acid	used	for	migraine	prophylaxis,
so	 in	 this	situation	adjusting	 the	dose	 to	maintain	serum	levels	at	~50	mcg/mL
seems	 reasonable	 because	 a	 disproportionately	 higher	 free	 fraction	may	 occur
with	higher	total	concentrations	leading	to	toxicity.

CASE	5:	DOSING	IN	HEPATIC	FAILURE
A	 57-year-old	 man	 with	 a	 history	 of	 cirrhosis	 is	 currently	 being	 seen	 for
treatment	of	acute	partial	seizures.	He	was	on	phenobarbital	when	he	developed
Stevens-Johnson	 Syndrome	 and	 is	 being	 considered	 for	 valproic	 acid	 therapy.
His	 liver	 function	 tests	 are	 as	 follows:	 alkaline	 phosphatase	 (ALP)	 250	 IU/L,
aspartate	transaminase	(AST)	135	IU/L,	alanine	transaminase	(ALT)	167	IU/L,
albumin	 (Alb)	 2.1	 g/dL,	 total	 bilirubin	 (TBIL)	 1.9	mg/dL,	 and	 direct	 bilirubin
(DBIL)	 0.9	 mg/dL.	 His	 INR	 is	 1.8	 and	 he	 has	 mild	 ascites	 and	 Grade	 I
encephalopathy.	He	weighs	80	kg.

QUESTION



What	dose	of	VPA	would	you	recommend?

Answer:
The	 use	 of	 VPA	 in	 patients	 with	 severe	 liver	 disease	 is	 not	 typically
recommended	due	to	the	incidence	of	fatal	hepatotoxicity,	especially	in	children
younger	than	2	years	of	age.	The	pharmacokinetics	of	VPA	have	been	studied	in
patients	with	acute	hepatitis	and	alcoholic	cirrhosis.	The	volume	of	distribution
is	increased	(0.2	L/kg)	as	a	result	of	lower	albumin	production	and	the	clearance
is	 decreased	 (0.5	 L/hr)	 due	 to	 intrinsic	 hepatocellular	 damage.24	 As	 a	 result,
dosing	must	be	decreased	in	patients	with	hepatic	impairment.	Total	serum	levels
are	 typically	normal	with	 a	higher	 free	 fraction	 that	may	necessitate	 free	 level
monitoring.	Initial	dosing	of	VPA	in	patients	with	hepatic	impairment	is	difficult
due	to	the	lack	of	clear	laboratory	markers	of	liver	function	similar	to	creatinine
clearance	 used	 to	 adjust	 doses	 in	 patients	 with	 renal	 dysfunction.	 The	 Child-
Pugh	score	has	been	used	 to	help	guide	dosing	 in	patients	with	hepatic	 failure
and	takes	into	consideration	several	laboratory	markers	and	clinical	signs.	Based
on	scoring,	patients	fall	into	category	A,	B,	or	C,	with	C	denoted	as	having	the
most	severe	liver	disease.	In	general,	patients	who	fall	into	category	B	or	C	tend
to	require	a	20–30	percent	decrease	in	their	drug	dosing.	VPA	is	contraindicated
for	patients	in	category	C,	but	can	be	dose	adjusted	for	patients	in	category	B	if
VPA	is	the	only	viable	option	for	therapy.	This	patient	has	a	Child-Pugh	score	of
9,	so	a	decrease	in	the	initial	VPA	dosing	would	be	reasonable.	Using	literature-
based	 dosing	 of	 10	mg/kg/day,	we	 can	 estimate	 his	 daily	 dose	 as	 800	mg	 (10
mg/kg/day	×	80	kg).	After	decreasing	this	by	20	percent	for	his	hepatic	function,
we	calculate	his	new	adjusted	daily	dose	to	be	640	mg,	which	can	be	rounded	up
to	250	mg	three	times	daily	or	the	solution	can	be	used	for	more	precise	dosing
(e.g.,	210	mg	three	times	daily).

Using	an	estimated	clearance	of	0.5	L/hr	from	Klotz’s	study,	we	can	calculate
another	 regimen	 using	 an	 8-hour	 dosing	 interval	 and	 a	 desired	 steady-state
concentration	of	50	mcg/mL	(or	50	mg/L):

This	dose	can	be	rounded	up	to	250	mg	to	utilize	the	tablets,	or	the	solution
can	 be	 used	 for	 more	 precise	 dosing.	 Therapeutic	 drug	 monitoring	 is
recommended	 in	 these	 patients	 due	 to	 the	 decrease	 in	 clearance	 and	 need	 for



dosing	adjustments	to	prevent	toxicity.	The	half-life	can	be	calculated	as	follows:

A	steady-state	serum	level	can	be	obtained	in	3–5	half-lives	or	after	110	hours
(~5	days).

CASE	6
A	35-year-old	woman	comes	in	with	status	epilepticus.	She	weighs	68	kg	and	is	5
foot	2	inches.	Calculate	an	intravenous	loading	dose	and	oral	maintenance	dose
for	 valproic	 acid	 therapy.	 Use	 both	 literature-based	 dosing	 and	 population-
based	dosing	strategies	for	the	maintenance	dosing.

Answer:
First,	 calculate	 a	 loading	 dose	 to	 be	 given	 intravenously.	 The	 range	 in	 the
literature	is	21–28	mg/kg,	so	choosing	25	mg/kg:

LD	=	25	mg/kg	×	68	kg	=	1,700	mg

The	total	dose	can	be	infused	at	a	rate	of	3	mg/kg/min,	or	over	8	minutes.
Method	1:	Based	on	 literature,	 the	 initial	dosing	 range	 is	10–15	mg/kg/day.
Treatment	for	status	epilepticus	is	usually	aggressive,	so	use	the	upper	limit:
MD	=	15	mg/kg/day	=	15	mg/kg/day	×	68	kg	=	1,020	mg/day,	rounded	to

1,000	mg/day	or	500	mg	every	12	hours
Method	 2:	 Using	 population-based	 pharmacokinetic	 parameters,	 we	 can
calculate	volume	of	distribution	and	clearance	to	determine	dose:



This	dose	can	be	rounded	up	to	500	mg	every	12	hours.

CASE	7
A	 6-year-old	 boy	 is	 seen	 in	 the	 clinic	 for	 new-onset	 absence	 seizures.	 The
neurologist	 decides	 to	 start	 valproic	 acid	 therapy.	 He	 weighs	 40	 pounds.
Calculate	a	maintenance	regimen	using	the	Depakote	Sprinkles	formulation.

Answer:

Step	1:	Calculate	the	patient’s	estimated	volume	of	distribution	and
clearance.	Using	the	values	from	Table	19-4	and	converting	the	weight	into
kilograms	(40	pounds	=	18.2	kg):

TABLE
19-4 Valproic	Acid	Pharmacokinetic	Parameters



Step	2:	Aiming	for	a	steady-state	concentration	of	50	mg/L,	we	can	calculate
a	maintenance	dose	to	be	given	every	12	hours:



This	result	can	be	rounded	to	125	mg	every	12	hours.

CASE	8
An	80-year-old	man	 is	 seen	 in	 the	 intensive	care	unit	 for	 chronic	 renal	 failure
and	 malnutrition.	 He	 has	 a	 history	 of	 partial	 seizures	 for	 which	 he	 is	 taking
valproic	 acid.	 His	 last	 known	 seizure	 was	 several	 weeks	 ago	 and	 a	 spot
electroencephalograph	 (EEG)	 was	 read	 as	 negative	 for	 seizure	 activity.	 His
current	 total	 serum	VPA	 level	 is	only	30	mcg/mL.	The	 intensivist	would	 like	 to
increase	his	dose	to	raise	his	serum	level	to	therapeutic	concentrations.	What	do
you	recommend?	What	other	factors	need	to	be	considered?

Answer:
Valproic	 acid	 displays	 saturable	 protein	 binding,	 and	 this	 patient	 has	 many
reasons	 to	 have	 altered	 protein	 binding—advanced	 age,	 renal	 failure,	 and
malnutrition	 (low	 albumin).	As	 a	 result,	 the	 free	 fraction	 of	VPA	 is	 increased,
which	could	lead	to	an	increase	in	free	concentration	of	VPA.	This	increase	may
explain	 the	 clinical	 control	 of	 his	 seizures	 despite	 a	 low	 serum	 total	 level.	 A
change	in	dose	may	not	be	necessary	unless	evidence	of	poor	seizure	control	or
toxicity	is	noted.	A	free	VPA	level	may	be	prudent	if	available,	as	well	as	a	liver
profile	and	albumin.	His	list	of	medications	should	be	checked	for	possible	drug
interactions	with	VPA.

VALPROIC	ACID	LOADING	DOSES	FOR	ACUTE	MANIA

Divalproex	sodium	is	FDA	approved	for	the	acute	treatment	of	manic	or	mixed
episodes	 at	 initial	 doses	 of	 750	mg	 daily	 (~	 10	mg/kg	 in	 a	 70	 kg	 patient)	 in
divided	 doses	 or	 25	mg/kg	 once	 daily	when	 given	 as	 extended-release	 tablets
(e.g.,	Depakote®	 ER)	 and	 titrated	 as	 rapidly	 as	 possible	 to	 the	 desired	 clinical
effect.30-31	After	the	initial	dose	of	valproic	acid	for	acute	mania,	treatment	doses
of	 valproic	 acid	 are	 20	mg/kg	 and	 are	 titrated	 to	 a	 clinical	 response	 and	 or	 a
target	valproic	acid	 level.	The	maximum	valproic	acid	dose	 is	60	mg/kg/daily,
but	 may	 be	 exceeded	 when	 valproic	 acid	 metabolism	 is	 increased	 due	 to
interactions	 with	 hepatic	 enzyme-inducing	 medications.	 Titrating	 the	 dose	 of
valproic	 acid	 upward	 may	 be	 accomplished	 by	 increasing	 the	 dose	 by	 5–10
mg/kg	 every	 2–4	 days	 or	 weekly.	 Without	 a	 loading	 dose	 and	 using	 a	 slow
titration	dosing	regimen	to	minimize	valproic	acid	adverse	effects,	achieving	the
valproic	 acid	 dose	 and	 or	 level	 that	 yields	 a	 clinical	 response	may	 take	 up	 to



several	 weeks.	 The	 antimanic	 effects	 of	 valproic	 acid	 are	 most	 pronounced
within	1–4	days	of	achieving	a	serum	concentration	of	50	mcg/mL	or	greater.32
In	patients	treated	with	divalproex	sodium	for	acute	mania,	trough	valproic	acid
levels	from	50	to	125	mcg/mL	have	achieved	the	desired	clinical	effects.30-31	In
patients	 treated	 with	 extended-release	 divalproex	 sodium	 for	 acute	 mania,
slightly	higher	trough	valproic	acid	levels	from	85	to	125	mcg/mL	have	achieved
the	 desired	 clinical	 effects.30-31	 Maintenance	 valproic	 acid	 therapy	 for	 initial
responses	and	the	prevention	of	new	manic	episodes	beyond	3–4	weeks	are	less
evidence	 based	 and	 not	 well-established	 in	 controlled	 clinical	 trials.
Occasionally,	 the	 daily	 dose	 for	 maintenance	 valproic	 acid	 therapy	 may	 be
effective	at	less	than	the	doses	used	for	acute	treatment	of	mania.

Valproic	 acid	 is	 generally	 not	 administered	 as	 an	 oral	 loading	 dose	 due	 to
intolerable	gastrointestinal	and	CNS	adverse	effects.	However,	rapid	oral	loading
with	oral	divalproex	sodium	has	been	studied	in	the	management	of	psychiatric
disorders	such	as	mania	and	has	been	used	safely	with	minimal	adverse	effects
and	a	rapid	response.	Generally,	patients	can	be	loaded	rapidly	with	20-30	mg/kg
of	divalproex	sodium	for	acute	mania	or	maintenance	treatment,	administered	as
the	 full	 loading	 dose	 on	 the	 first	 day	 in	 a	 single	 or	 divided	 dose	 or	 may	 be
administered	gradually	over	2	days.33-34	The	2-day	rapid	divalproex	oral	loading
dose	is	administered	starting	with	a	lower	dose	on	day	1	and	the	full	dose	on	day
2.	Administering	 the	 rapid	 divalproex	oral	 loading	dose	 gradually	 over	 2	 days
may	be	preferred	over	 the	 full	dose	on	 the	 first	day	because	 it	may	cause	 less
gastrointestinal	 and	 CNS	 adverse	 effects	 and	 is	 easier	 to	 tolerate.	 After	 the
loading	dose	is	complete,	the	dose	should	be	titrated	to	achieve	a	response	or	a
target	valproic	acid	trough	level	of	50	mcg/mL.	Divalproex	loading	doses	of	20
mg/kg	or	greater	generally	consistently	achieve	valproic	acid	serum	levels	above
50	mcg/mL.

As	a	general	rule	for	most	drugs,	oral	loading	doses	are	best	administered	via
liquid	 dosage	 forms	 in	 order	 to	 bypass	 dissolution—the	 rate-limiting	 step	 of
absorption—and	 achieve	 faster	 absorption	 than	 tablets	 and	 capsules.	However,
due	 to	 the	 high	 incidence	 of	 valproic	 acid-induced	 gastrointestinal	 adverse
effects,	 valproic	 acid	 syrup	 should	 not	 be	 used	 for	 loading	 doses.	 In	 order	 to
minimize	gastrointestinal	adverse	effects,	valproic	acid	loading	doses	should	be
administered	with	the	divalproex	sodium	dosage	form	(tablets	or	capsules).

CASE	9:	VALPROIC	ACID	ORAL	LOADING	DOSES	FOR
ACUTE	MANIA



A	 55-year-old,	 70-kg,	 Caucasian	 man	 is	 experiencing	 agitation,	 pressured
speech,	 and	 racing	 thoughts,	 and	 is	 to	 be	 loaded	 with	 valproic	 acid	 for	 the
management	 of	 mania.	 The	 medical	 team	 would	 like	 the	 patient	 to	 receive	 a
rapid	valproic	acid	oral	loading	dose	of	20	mg/kg.	Design	a	rapid	valproic	acid
oral	loading	dose	regimen	for	this	patient.

Answer:
The	patient	may	be	started	on	valproic	acid	15	mg/kg	on	day	1	and	then	titrated
to	20	mg/kg	on	day	2.

Step	1.	Calculate	the	patient’s	valproic	acid	loading	dose	to	begin	with	15
mg/kg	actual	body	weight	for	day	1.

Valproic	acid	loading	dose	=	(15	mg)(70	kg)
Valproic	acid	loading	dose	=	1,050	mg

The	loading	dose	for	day	1	is	500	mg	divalproex	sodium	twice	daily.

Step	2.	Calculate	the	patient’s	valproic	acid	loading	dose	to	the	target	goal
of	20	mg/kg	actual	body	weight	for	day	2.

Valproic	acid	loading	dose	=	(20	mg)(70	kg)
Valproic	acid	loading	dose	=	1,400	mg

The	loading	dose	for	day	2	may	be	rounded	up	to	1,500	mg	daily,	and	may	be
administered	 as	 500	mg	divalproex	 sodium	 three	 times	 daily	 or	 750	mg	 twice
daily.

Alternatively,	the	entire	divalproex	loading	dose	may	be	administered	on	the
first	day	by	calculating	the	patient’s	valproic	acid	loading	dose	to	the	target	goal
of	20	mg/kg	actual	body	weight.

Valproic	acid	loading	dose	=	(20	mg)(70	kg)
Valproic	acid	loading	dose	=	1,400	mg

The	 loading	 dose	 may	 be	 rounded	 up	 to	 1,500	 mg	 daily	 and	 is	 500	 mg
divalproex	sodium	three	times	daily	or	750	mg	twice	daily	or	1,500	mg	as	a	one-
time	single	dose.

In	 order	 to	minimize	 adverse	 effects,	 the	medical	 team	 preferred	 the	 2-day
rapid	 oral	 loading	 dose	 regimen;	 hence,	 this	 patient	 should	 be	 loaded	 with
divalproex	sodium	500	mg	twice	daily	for	day	1,	and	500	mg	three	times	daily,
or	750	mg	twice	daily	for	day	2.	The	treatment	dose	for	acute	mania	will	begin



on	day	3	with	a	daily	dose	of	20	mg/kg	or	750	mg	twice	daily	titrated	upward	to
a	response	or	to	achieve	a	valproic	acid	serum	trough	level	of	50	mcg/mL.

CASE	10:	VALPROIC	ACID	ORAL	LOADING	DOSES	USING
A	2-DAY	REGIMEN	FOR	ACUTE	MANIA
A	 43-year-old,	 50-kg,	 Caucasian	woman	 is	 distractible,	 agitated,	 irritable,	 and
becoming	aggressive.	She	is	to	be	loaded	with	valproic	acid	for	the	management
of	 acute	 mania.	 The	 medical	 team	 would	 like	 the	 patient	 to	 receive	 a	 rapid
valproic	acid	oral	loading	dose	of	30	mg/kg	over	2	days.	Design	a	rapid	valproic
acid	oral	loading	dose	regimen	for	this	patient.

Answer:
The	patient	may	be	started	on	valproic	acid	20	mg/kg	on	day	1	and	then	titrated
to	30	mg/kg	on	day	2.

Step	1.	Calculate	the	patient’s	valproic	acid	oral	loading	dose	to	begin	with
20	mg/kg	actual	body	weight	for	day	1.

Valproic	acid	loading	dose	=	(20	mg)(50	kg)
Valproic	acid	loading	dose	=	1,000	mg

The	loading	dose	for	day	1	is	500	mg	divalproex	sodium	twice	daily.

Step	2.	Calculate	the	patient’s	loading	dose	to	the	target	goal	of	30	mg/kg
actual	body	weight	for	day	2.

Valproic	acid	loading	dose	=	(30	mg)(50	kg)
Valproic	acid	loading	dose	=	1,500	mg

The	loading	dose	for	day	2	is	750	mg	divalproex	sodium	twice	daily.
The	patient	will	 receive	a	rapid	oral	 loading	dose	of	valproic	acid	using	 the

gradual	2-day	regimen	and	will	be	placed	on	divalproex	sodium	tablets	500	mg
twice	daily	for	day	1	and	750	mg	twice	daily	for	day	2.	The	treatment	dose	for
acute	mania	will	begin	on	day	3	with	a	daily	dose	of	20	mg/kg	or	750	mg	twice
daily	 titrated	 upward	 to	 a	 response	 and/or	 to	 achieve	 a	 valproic	 acid	 serum
trough	level	of	50	mcg/mL.

CASE	11:	VALPROIC	ACID	ORAL	LOADING	DOSES	USING



A	2-DAY	REGIMEN	FOR	ACUTE	MANIA
A	66-year-old,	 65-kg,	African-American	man	has	 a	 history	 of	 bipolar	 disorder
and	 is	experiencing	a	mixed	episode	with	grandiosity	and	aggressive	behavior.
The	patient	 is	 to	be	 loaded	with	valproic	acid	for	 the	management	of	a	bipolar
mixed	 episode.	 The	 medical	 team	 would	 like	 the	 patient	 to	 receive	 a	 rapid
valproic	acid	oral	loading	dose	of	25	mg/kg	over	2	days.	Design	a	rapid	valproic
acid	oral	loading	dose	regimen	for	this	patient.

Answer:
The	patient	may	be	 started	 on	 oral	 valproic	 acid	 15	mg/kg	 on	 day	 1	 and	 then
titrated	to	25	mg/kg	on	day	2.

Step	1.	Calculate	the	patient’s	loading	dose	to	begin	with	15	mg/kg	actual
body	weight	for	day	1.

Valproic	acid	loading	dose	=	(15	mg)(65	kg)
Valproic	acid	loading	dose	=	975	mg

The	valproic	acid	oral	 loading	dose	for	day	1	may	be	rounded	up	 to	1,000	mg
and	is	500	mg	divalproex	sodium	twice	daily.

Step	2.	Calculate	the	patient’s	valproic	acid	oral	loading	dose	to	the	target
goal	of	25	mg/kg	actual	body	weight	for	day	2.

Valproic	acid	loading	dose	=	(25	mg)(65	kg)
Valproic	acid	loading	dose	=	1,625	mg

The	 loading	dose	 for	day	2	may	be	 rounded	down	 to	1,500	mg	and	 is	750	mg
divalproex	sodium	twice	daily.

The	patient	will	 receive	a	rapid	oral	 loading	dose	of	valproic	acid	using	 the
gradual	2-day	regimen	and	will	be	placed	on	divalproex	sodium	tablets	500	mg
twice	daily	for	day	1	and	750	mg	twice	daily	for	day	2.	The	treatment	dose	for
acute	mania	will	begin	on	day	3	with	a	daily	dose	of	20	mg/kg	or	750	mg	twice
daily	 titrated	 upward	 to	 a	 response	 and/or	 to	 achieve	 a	 valproic	 acid	 serum
trough	level	of	50	mcg/mL.

CASE	12:	VALPROIC	ACID	ORAL	LOADING	DOSES	USING
EXTENDED-RELEASE	DIVALPROEX	SODIUM	FOR	ACUTE



MANIA
A	 51-year-old,	 60-kg,	 Hispanic	 man	 has	 a	 history	 of	 bipolar	 disorder,	 is
experiencing	 grandiosity,	 is	 easily	 agitated	 and	 increasingly	 aggressive,	 and	 is
exhibiting	abusive	behavior.	The	patient	is	to	be	loaded	with	valproic	acid	for	the
management	of	acute	mania.	The	medical	team	would	like	the	patient	to	receive
a	rapid	valproic	acid	oral	loading	dose	with	extended-release	tablets	at	25	mg/kg.
Design	 a	 rapid	 valproic	 acid	 oral	 loading	 dose	 regimen	with	 extended-release
tablets	for	this	patient.

Answer:
The	patient	may	be	started	on	extended-release	divalproex	sodium	25	mg/kg	as	a
one-time	loading	dose	on	day	1.

Step	1.	Calculate	the	patient’s	loading	dose	to	begin	with	25	mg/kg	actual
body	weight	for	day	1.

Valproic	acid	loading	dose	=	(25	mg)(60	kg)
Valproic	acid	loading	dose	=	1,500	mg

The	 loading	 dose	 for	 day	 1	 is	 1,500	 mg	 divalproex	 sodium	 extended-release
once	 daily.	 The	 patient	 may	 be	 started	 on	 day	 2	 with	 a	 treatment	 dose	 of
extended-release	divalproex	sodium.

VALPROIC	ACID	INTRAVENOUS	LOADING	DOSES	FOR
ACUTE	MANIA

Intravenous	valproic	 acid	has	been	used	effectively	 for	 the	 treatment	of	manic
symptoms.35-37	The	intravenous	valproic	acid	dosage	form	retains	the	rapidity	of
an	 oral	 valproic	 acid	 loading	 dose	 and	 minimizes	 the	 gastrointestinal
disturbances	from	oral	loading.	Intravenous	valproic	acid	may	be	more	effective
than	oral	valproic	acid	due	in	part	to	a	quick	saturation	of	plasma	protein	binding
sites,	resulting	in	higher	peak	valproic	acid	serum	levels.35,37	Indeed,	according
to	 some	 reports,	 intravenous	 valproic	 acid	 may	 be	 effective	 in	 patients	 who
previously	were	nonresponsive	to	oral	valproic	acid.35

Intravenous	valproate	is	not	associated	with	injection	site	injuries;	it	is	devoid
of	cardiotoxicity	and	associated	with	minimal	sedation	or	respiratory	depression.
Valproate	 cannot	 be	 administered	 intramuscularly	 because	 it	may	 cause	 severe



muscle	 tissue	 damage.	 The	 bioavailability	 of	 intravenous	 valproate	 and	 oral
valproic	 acid	 or	 divalproex	 sodium	 is	 100	 percent,	 allowing	 for	 an	 easy
intravenous	 to	 oral	 switch.	 Initial	 doses	 of	 intravenous	 valproate	 are	 20–30
mg/kg/day	and	should	be	administered	every	6–8	hours.

CASE	13:	INTRAVENOUS	VALPROATE	LOADING	DOSES
FOR	ACUTE	MANIA
A	 72-year-old,	 67-kg,	 Caucasian	male	 nursing	 home	 resident	 has	 a	 history	 of
bipolar	 disorder	 and	 is	 on	 quetiapine.	 The	 patient	 is	 experiencing	 a	 manic
episode	and	is	known	to	respond	to	intravenous	valproate	for	his	bouts	of	mania.
The	medical	team	would	like	to	load	the	patient	with	intravenous	valproate	at	a
dose	of	30	mg/kg/day.	Design	a	loading	dose	regimen	for	intravenous	valproate.

Answer:

Step	1.	Calculate	the	patient’s	intravenous	valproate	loading	dose	at	30
mg/kg	actual	body	weight	for	day	1.

Valproic	acid	loading	dose	=	(30	mg)(67	kg)
Valproic	acid	loading	dose	=	2,010	mg

The	loading	dose	may	be	rounded	down	to	2	g	daily	and	 is	administered	as
500	mg	intravenous	valproate	every	6	hours.	Each	500	mg	dose	of	intravenous
valproate	 may	 be	 administered	 over	 60	 minutes	 or	 at	 a	 rate	 of	 less	 than	 20
mg/minute.	 The	 patient	 may	 be	 started	 on	 day	 2	 with	 a	 treatment	 dose	 of
divalproex	sodium.
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CHAPTER 	20
Vancomycin

DENISE	E.	RICCOBONO,	PharmD
MARICELLE	O.	MONTEAGUDO-CHU,	PharmD,	BCPS

Vancomycin	is	a	glycopeptide	antibiotic,	approved	by	the	FDA	in	1958,	which	is
slowly	 bactericidal	 against	 most	 gram-positive	 organisms.	 It	 is	 active	 against
Staphylococci	(including	penicillin-and	oxacillin-resistant	strains),	Streptococci,
Enterococci,	 and	other	gram-positive	organisms.	 It	exerts	 its	bactericidal	effect
by	 complexing	 with	 the	 D-alanyl-D-alanine	 portion	 of	 the	 peptide	 precursor
units	 on	 the	 outer	 surface	 of	 the	 cell	 membrane	 and	 interferes	 with	 cell	 wall
synthesis.

During	 the	 first	 few	 decades	 of	 clinical	 use,	 vancomycin	 demonstrated
consistent	activity	against	gram-positive	bacteria	and	became	the	drug	of	choice
to	 treat	 most	 methicillin-resistant	 Staphylococcus	 aureus	 (MRSA)	 infections.
However,	 due	 to	 the	 emergence	 and	 increased	 prevalence	 of	 vancomycin-
resistant	Enterococci	 (VRE),	 vancomycin	 intermediate	 (VISA)	 and	 resistant	S.
aureus	 (VRSA),	 and	 heterogenous	 VISA	 (hVISA),	 our	 confidence	 in
vancomycin	as	a	reliable	bactericidal	agent	has	decreased,	motivating	a	renewed
interest	in	appropriate	utilization	and	optimal	dosing	of	vancomycin.1-3

DOSING

Due	 to	 limited	 pharmacokinetic	 studies	 done	 when	 vancomycin	 was	 first
approved	 in	 the	 late	 1950s,	 it	 appears	 that	 the	 original	 intravenous	 dosing	 of
1,000	mg	every	12	hours	or	500	mg	every	6	hours	was	derived	arbitrarily.	Also,
the	 serum	 therapeutic	 ranges	 accepted	 for	 vancomycin	 of	 5–10	 mg/L	 were
originally	established	as	guidelines	for	dosage	adjustments	in	patients	with	renal
failure	 and	 was	 not	 validated	 by	 clinical	 outcomes.	 Because	 vancomycin	 was



thought	to	be	a	time-dependent	killer	and	sensitive	vancomycin	MICs	(minimum
inhibitory	 concentration)	 were	 ≤4	 mg/L,	 these	 values	 were	 considered
acceptable.2,3

It	 is	more	 recently	 recommended	 that	weight-based	 dosing	 be	 used	 to	 dose
vancomycin,	 especially	 in	 more	 moderate/severe	 infections,	 and	 that	 dosing
intervals	 be	 adjusted	 according	 to	 renal	 function.1	 Depending	 on	 severity	 of
infection,	doses	for	patients	with	normal	renal	function	range	from	10–15	mg/kg
administered	 intravenously	 every	 8–12	 hours.	 In	 clinical	 practice,	 doses	 are
derived	 using	 weight-based	 dosing	 via	 dosing	 nomograms	 or	 by
pharmacokinetic	 calculations.	 For	 the	 purpose	 of	 this	 chapter,	 we	 will	 be
discussing	vancomycin	pharmacokinetic	calculations	for	the	adult	patient.

PHARMACOKINETICS/PHARMACODYNAMICS

Vancomycin	is	poorly	absorbed	from	the	gastrointestinal	tract	so	it	is	only	given
intravenously	 when	 treating	 systemic	 infections	 (exception:	 treatment	 of
Clostridium	 difficile–associated	 colitis	 with	 oral	 vancomycin).	 Vancomycin
serum	concentration-time	profile	has	been	described	using	one-,	two-,	and	three-
compartment	 pharmacokinetic	 models.	 The	 half-life	 of	 the	 first	 distributive
phase	is	approximately	0.4	hours	where	as	the	half-life	of	the	second	distributive
phase	is	about	1.6	hours.	Plasma	protein	binding	varies	and	ranges	from	30–55
percent.1,3,4	The	volume	of	distribution	is	variable	and	depends	on	many	things
such	as	 fluid	 status,	 disease	 state,	 and	 age;	 range	 is	 from	0.4–1.0	L/kg.5-8	The
elimination	half-life	is	approximately	6	hours,	and	can	be	prolonged	up	to	7	days
in	 patients	 with	 renal	 failure.	 Approximately	 70–90	 percent	 of	 the	 drug	 is
excreted	 unchanged	 in	 the	 kidney	 by	 glomerular	 filtration.	 The	 remainder	 is
excreted	by	tubular	secretion	and	nonrenal	routes.1,3

Pharmacokinetic	 and	 pharmacodynamic	 studies	 have	 concluded	 that
maximizing	 the	 area	 under	 the	 curve/MIC	 (AUC/MIC)	 ratio	 when	 dosing
vancomycin	 gives	 optimal	 efficacy	 for	 treating	 S.	 aureus	 infections.	 An
AUC/MIC	 ratio	 of	 ≥400	 has	 been	 advocated	 as	 a	 target	 to	 achieve	 clinical
effectiveness	with	vancomycin	against	S.	aureus.1,9	A	higher	target	value	may	be
necessary	 with	 higher	 bacterial	 density	 at	 site	 of	 infection	 and	 may	 vary
depending	on	site	of	infection.1,10

The	susceptibility	breakpoint	of	vancomycin	for	S.	aureus,	set	by	the	Clinical
and	Laboratory	Standards	Institute	(CLSI),	is	2	mg/L,	meaning	that	all	S.	aureus



isolates	with	MICs	of	2	mg/L	or	less	are	susceptible	to	vancomycin,	and	MICs
above	 2	 are	 intermediate	 or	 resistant.	 Despite	 these	 breakpoints,	 some	 reports
have	 suggested	 that	 patients	 infected	with	S.	 aureus	 isolates	with	 vancomycin
MICs	 of	 1–2	mg/L	 are	 less	 likely	 to	 have	 treatment	 success	with	 vancomycin
compared	with	 those	who	have	 lower	MICs.1,11-16	Studies	have	also	suggested
that	 low	 vancomycin	 serum	 trough	 levels	 (<10	mg/L)	may	 predict	 therapeutic
failure	and	even	have	the	potential	to	contribute	to	the	emergence	of	hVISA	and
VISA.1,13,17	 For	 these	 reasons,	 it	 is	 recommended	 by	 current	 guidelines	 that
vancomycin	trough	concentrations	should	be	maintained	above	10	mg/L	and,	for
complicated	infections,	15–20	mg/L.1	Trough	concentrations	in	this	range	should
be	 able	 to	 achieve	 AUC/MIC	 ratio	 of	 ≥400	 if	 the	 MIC	 ≤1	 mg/L.	 When
vancomycin	MIC	for	S.	aureus	is	≥1.5	mg/L,	treatment	with	an	alternative	agent
(other	than	vancomycin)	may	be	necessary.

PHARMACOKINETIC	CALCULATIONS
Vancomycin	pharmacokinetics	are	complex	and	although	they	are	best	described
by	a	two-	or	three-compartment	model,	in	the	clinical	setting	it	is	more	practical
(due	 to	 limited	 sampling)	 to	 dose	 and	 monitor	 vancomycin	 using	 one-
compartment	model	kinetics.

Challenges	 associated	with	 calculating	 population	 pharmacokinetics	 include
the	following18:
1.	selecting	the	best	dosing	weight
2.	estimating	the	vancomycin	clearance	from	creatinine	clearance	(CrCl)
3.	determining	the	appropriate	weight	to	estimate	CrCl
4.	estimating	appropriate	CrCl	in	patients	with	diminished	muscle	mass	and
the	elderly	(e.g.,	SCr	<0.7)

5.	determining	volume	of	distribution	which	can	be	highly	variable

CLEARANCE

Vancomycin	is	eliminated	primarily	in	the	kidney	via	glomerular	filtration,	and
its	 clearance	 is	 correlated	 with	 the	 patient’s	 CrCl.	 In	 multiple	 studies,	 the
vancomycin	 clearance	 has	 been	 shown	 to	 be	 approximately	 70–90	 percent	 of
CrCl.3,4,6,7	 The	 first	 step	 in	 calculating	 a	 vancomycin	 dose	 is	 to	 calculate	 the
patient’s	weight	parameters	and	estimate	 the	patient’s	CrCl.	Then,	estimate	 the



patient’s	vancomycin	clearance	(Clvanco).

For	 the	 purposes	 of	 this	 chapter,	 persons	whose	 total	 body	weight	 is	 >120
percent	above	their	ideal	body	weight,	adjusted	body	weight	(ABW)	will	be	used
to	calculate	CrCl.	 If	 total	body	weight	 is	 less	 than	 ideal	body	weight,	use	 total
body	weight	instead	of	ideal	body	weight	for	the	calculation.

where	ABW	=	adjusted	body	weight	(kg)	and	TBW	=	total	body	weight	(kg).

Equation	320:	CrCl	(mL/min)	using	Cockcroft	Gault	(CG):

where	SCr	=	serum	creatinine	(mg/dL).
Equation	4:	CLvanco	=	(70%	to	90%)	×	CrCL

where

Certain	patients	have	low	creatinine	excretion	for	age	and	body	weight	due	to
low	muscle	mass	or	muscle	atrophy.	Normal	SCr	is	approximately	>0.7	mg/dL.
In	these	patients	whose	SCr	is	below	normal,	SCr	maybe	falsely	low	and	if	it	is
used	to	calculate	CrCl	using	CG,	it	can	give	an	artificially	high	CrCl.	Those	who
are	 likely	 to	 have	 falsely	 low	 SCr	 include	 persons	 who	 are	 malnourished



(albumin	 <3.0	 g/dL),	 bedbound	 (such	 as	 ventilator	 patients	 or	 paraplegics),
elderly	(≥65	years),	and	those	on	chronic	steroids	or	those	with	certain	chronic
diseases	 (such	 as	 muscular	 wasting	 diseases).2,20	 In	 clinical	 practice,
practitioners	frequently	round	up	the	SCr	to	a	normal	SCr	of	0.8	or	1.0	mg/dL.	In
certain	 patients,	 rounding	 the	 SCr	 up	 to	 1.0	 mg/dL	 may	 result	 in	 an
underestimation	 of	 the	 patients	 CrCl	 and	 can	 lead	 to	 administration	 of	 a
suboptimal	 dose	 (underdosing).	 Underdosing	 can	 be	 potentially	 dangerous	 in
critically	ill	or	septic	patients.	For	patients	fitting	the	previous	descriptions,	the
authors	of	this	chapter	recommend	increasing	the	SCr	to	0.8	mg/dL,	and	in	the
elderly	≥65	years,	to	increase	SCr	to	1.0	mg/dL	(for	purposes	of	calculating	CrCl
using	CG).	In	these	patients,	it	is	important	to	monitor	renal	function	closely	and
to	obtain	vancomycin	serum	levels.	A	patient	whose	normal	SCr	is	0.4	may	be	in
renal	 failure	 or	may	 be	 dehydrated	 if	 their	 SCr	 suddenly	 increases	 to	 1.0,	 for
example.

VOLUME	OF	DISTRIBUTION
Vancomycin’s	volume	of	distribution	(Vd)	ranges	from	0.4	to	1.0	L/kg;	however,
Vd	 is	 variable	 and	depends	on	many	patient	 factors.	Assessing	Vd	 is	 often	 the
most	difficult	step.	Independent	factors	shown	to	affect	Vd	are	gender,	age,	and
weight.	 Females,	 elderly,	 and	 obese	 patients	 are	 known	 to	 have	 a	 higher
vancomycin	Vd	 per	 IBW.5	 Other	 factors	 such	 as	 fluid	 status	 (dehydration	 vs.
fluid	overload),	disease	state	(e.g.,	hematologic	malignancy),	or	 illness	severity
(critically	 ill,	 septic	 shock)	 also	 affect	 the	 distribution	 of	 vancomycin.21-24
Vancomycin	Vd	 as	 high	 as	 1.68	 L/kg	 has	 been	 described	 in	 critically	 ill	 ICU
patients.22

When	 calculating	 vancomycin	 population	Vd,	 a	 number	 of	methods	 can	 be
utilized.	Some	use-specific	formulas	(see	the	following	examples)	and	others	use
an	 average	 of	 0.7	 L/kg.	 The	 patient’s	 total	 body	 weight	 is	 used	 for	 the
calculation,	unless	otherwise	specified.	For	the	purpose	of	this	chapter,	we	will
use	the	Vd	formula	by	Matzke	(median	value)	seen	in	the	following	chart.	If	the
patient’s	 fluid	 status	 is	 known	 to	 be	 abnormal	 (dehydration	or	 fluid	 overload),
instead	of	using	any	equation,	we	will	use	either	the	low	or	high	end	of	the	Vd
range	(0.4–1.0	L/kg),	because	equations	do	not	take	volume	status	into	account.



Date	from	Matzke	GR	et	al.6

Ducharme	and	colleagues5	provide	the	following	calculations:

where	EBW	=	excess	body	weight	(kg);	(EBW	=	TBW	–	IBW).
The	following	equation	comes	from	Rushing	and	Ambrose.25

Vd(L)	=	0.17(age)	+	0.22(TBW)	+	15

ELIMINATION	RATE	CONSTANT	AND	ELIMINATION
HALF-LIFE
After	 calculating	 the	 CrCl,	 Clvanco,	 and	 Vd,	 the	 next	 step	 is	 to	 calculate	 the
elimination	rate	constant	(K)	and	elimination	half-life	(T½).	Vancomycin	dosing
interval	usually	approximates	the	T½.

where	K	=	elimination	rate	constant	(h-1)	and	Vd	=	volume	of	distribution	(L).

where	T½	=	elimination	half-life	(h).

STEADY	STATE



Steady	state	is	the	point	at	which	the	rate	of	drug	administration	is	equal	to	the
rate	of	drug	elimination	and	 the	concentration	of	drug	 is	constant.	This	 time	is
the	most	optimal	for	obtaining	vancomycin	levels.	It	is	based	on	the	drug’s	half-
life	and	occurs	after	approximately	4–5	half-lives.

Vancomycin	 levels	 should	 be	 obtained	 at	 steady	 state.	 Vancomycin	 peak
levels	should	be	obtained	1	hour	or	more	after	the	dose	has	finished	infusing	in
order	 to	allow	adequate	 time	for	drug	distribution,	and	 trough	 levels	should	be
obtained	approximately	0–30	minutes	before	the	next	dose.

LOADING	DOSE
Administration	of	 a	vancomycin	 loading	dose	 is	 an	 important	 step	 in	 trying	 to
achieve	 a	 serum	 concentration	 that	 approaches	 the	 steady-state	 maximum
concentration.	It	ensures	that	we	achieve	an	adequate	AUC	on	day	1	of	therapy.2
Attaining	steady	state	is	especially	important	for	those	patients	who	have	a	large
volume	of	distribution	or	who	have	a	diminished	CrCl	and	long	T½.	The	target
peak	or	initial	plasma	concentration	(C°)	is	30–40	mg/L.

where	LD	=	loading	dose	(mg)	and	C°	=	initial	plasma	concentration	(mg/L).

Alternatively,	 in	 clinical	 practice	 many	 people	 use	 25–30	 mg/kg	 loading
doses	in	critically	ill	patients.1

MAINTENANCE	DOSE

After	calculating	a	loading	dose,	the	next	step	is	to	calculate	a	maintenance	dose
that	 will	 give	 you	 an	 approximate	 peak	 and	 trough	 that	 you	 desire	 (when	 at
steady	state).	In	general,	you	will	want	your	vancomycin	peak	to	be	between	25–
40	mg/L	and	your	 trough	to	be	10–20	mg/L.	For	complicated,	severe,	or	deep-
seated	infections,	it	is	recommended	to	aim	for	a	trough	of	15–20	mg/L.

where	CSSmax	=	maximum	concentration	at	steady	state	(mg/L);	Dose	=	dose	in
mg*;	 t′	 =	 infusion	 time	 in	 hours;	 and	 τ	 =	 dosing	 interval	 in	 hours.	 *When
calculating	doses,	 it	 is	best	 to	round	to	the	nearest	250	mg,	and	rounding	up	is
preferred.



where	CSSmin	=	minimum	concentration	at	steady	state	(mg/L).

Vancomycin	is	administered	intravenously	and	is	compatible	in	normal	saline
(0.9%	 sodium	 chloride)	 and	 dextrose	 5%	 water	 (D5W).	 If	 vancomycin	 is
administered	 too	 quickly	 or	 if	 it	 is	 too	 concentrated,	 it	 is	 known	 to	 cause	 a
histamine-like	 reaction	 known	 as	 red-man	 syndrome	 and	 may	 also	 cause
thrombophlebitis.	If	long-term	therapy	is	required	or	if	higher	concentrations	are
used,	 it	 is	necessary	for	 the	patient	 to	have	a	central	 line.	Usual	concentrations
approximate	5	mg/mL	and	historically	have	been	1,000	mg	 in	100	mL	infused
over	1	hour,	but	vary	per	institution.	At	the	author’s	institution,	500	mg	per	100
mL	 infused	 over	 1	 hour;	 750	mg	 per	 150	mL	 infused	 over	 1.5	 hours;	 1,000–
1,500	mg	 in	250	mL	 infused	over	2	hours;	 and	>1,500	mg	 in	500	mL	 infused
over	≥3	hours.

CASE	STUDIES

CASE	1
AJ	is	a	56-year-old	female	who	is	brought	into	the	ER	by	EMS	with	shortness	of
breath,	chest	pain,	and	cough	×	7	days.	She	went	to	her	PMD	a	few	days	ago	for
this	 problem	and	was	 started	on	 levofloxacin,	 however	 it	was	not	 helping	and
she	was	feeling	worse.	In	the	ER	her	temperature	was	104º	F	and	her	WBC	was
17,000	cells/mm3.	CXR	shows	right	lower	lobe	infiltrates.	AJ	has	hypertension,
diabetes,	and	hepatitis	C	(with	moderate	ascites).	ER	attending	wants	to	start	the
patient	on	vancomycin	(along	with	other	antibiotics)	and	asks	you	for	a	dose.

Height:	5′3″
Weight:	130	lbs
SCr:	1.2	mg/dL

Step	1:	Calculate	CrCl	and	vancomycin	clearance.



Because	patient’s	weight	is	<120	percent	IBW,	use	IBW	for	calculating	CrCl.

Note:	To	convert	from	mL/min	to	L/hr,	multiply	by	0.06.
Calculate	vancomycin	clearance	(mean	=	80%).

Step	2:	Calculate	Vd.

Multiple	formulas	can	be	used	to	calculate	Vd,	however,	none	of	them	take	fluid
status	 into	 consideration.	Because	we	 know	 that	 fluid	 accumulation	 can	 affect
Vd,	 and	 this	 patient	 has	 ascites	 (increased	 volume	 status),	 it	 may	 be	 more
appropriate	to	choose	a	larger	Vd	of	0.9	L/kg	in	this	example.

Step	3:	Calculate	K	and	T½.



Step	4:	Calculate	a	loading	dose.

Round	to	1,750	mg	given	as	a	one-time	dose.

Step	5:	Calculate	a	maintenance	dose.
Based	on	population	parameters,	pick	a	dose	that	you	think	the	patient	will	need
and	 then	 plug	 it	 into	 MD	 formula,	 adjusting	 as	 necessary.	 For	 patient	 AJ,
because	 we	 are	 treating	 pneumonia,	 we	 are	 aiming	 to	 achieve	 a	 vancomycin
trough	of	15–20	mg/L.	We	will	start	out	trying	a	dose	of	1,250	mg	(infused	over
2	hours)	given	every	24	hours.



So	if	we	start	this	patient	on	1,250	mg	vancomycin	given	every	24	hours,	we
can	expect	approximately	a	peak	of	40	mg/L	and	a	trough	of	17	mg/L,	which	is
within	our	target	range.

CASE	2
CK	 is	 a	 35-year-old	male	who	 lives	 in	 a	 nursing	 home	and	 is	 admitted	 to	 the
hospital	 for	 altered	 mental	 status	 and	 fever	 and	 was	 started	 on
pipericillin/tazobactam	for	empiric	treatment	of	a	urinary	tract	infection.	On	day
2	 the	 urine	 culture	 came	 back	 positive	 for	 gram-positive	 cocci.	 Repeat	 blood
cultures	 remained	 negative.	 Patient	 has	 a	 PMH	 of	 paraplegia	 s/p	 gun	 wound
three	years	ago.	PMD	wants	to	start	the	patient	on	vancomycin	until	the	cultures
are	finalized	and	asks	you	for	a	dose.

Height:	5′10″
Weight:	145	lbs
SCr:	0.4	mg/dL



Albumin:	2.5	g/dL

Step	1:	Calculate	CrCl	and	vancomycin	clearance.

Because	patient’s	weight	is	<IBW,	use	TBW	for	calculating	CrCl.	With	a	SCr
<0.7	mg/dL	for	a	bedbound	patient	with	an	albumin	of	2.5	g/dL,	 round	up	 the
SCr	to	0.8	mg/dL	to	compensate	for	the	low	muscle	mass.

Note:	To	convert	from	mL/min	to	L/hr,	multiply	by	0.06.
Calculate	vancomycin	clearance:	(mean	=	80%).

Step	2:	Calculate	Vd.

Derived	from	Matzke’s	calculations:

Step	3:	Calculate	K	and	T½.



Step	4:	Calculate	a	loading	dose.

Round	to	1,250	mg	given	as	a	one-time	dose.

Step	5:	Calculate	a	maintenance	dose.
Based	on	population	parameters,	pick	a	dose	that	you	think	the	patient	will	need
and	 then	plug	 it	 into	 the	MD	 formula,	 adjusting	 as	 necessary.	For	patient	CK,
because	 we	 are	 treating	 a	 complicated	 UTI,	 we	 are	 aiming	 to	 achieve	 a
vancomycin	 trough	 of	 approximately	 10–15	 mg/L.	We	 will	 start	 out	 trying	 a
dose	of	1,000	mg	(infused	over	2	hour)	given	every	8	hour.



So	if	we	start	this	patient	on	1,000	mg	vancomycin	given	every	8	hours,	we
can	expect	approximately	a	peak	of	32	mg/L	and	a	trough	of	13	mg/L,	which	is
within	the	target	range.

CASE	3
BA	 is	 a	 48-year-old	male	who	 lives	 in	 a	 nursing	 home	 and	 is	 admitted	 to	 the
hospital	for	fever,	chills,	and	worsening	left	leg	cellulitis.	Blood	cultures	drawn
in	 the	 nursing	 home	 the	 day	 before	 were	 positive	 for	 gram-positive	 cocci	 in
clusters.	 In	 the	 ER	 his	 temperature	 was	 101°F	 and	 his	 WBC	 was	 20,000
cells/mm3.	Patient	has	a	PMH	of	diabetes,	hypertension,	CAD,	and	CVA.	The	ID
consultant	wants	to	start	the	patient	on	vancomycin	and	asks	you	for	a	dose.

Height:	5′8″
Weight:	200	lbs
SCr:	1.4	mg/dL



Step	1:	Calculate	CrCl	and	vancomycin	clearance.

Because	 patient’s	 weight	 is	 >120	 percent	 IBW,	 use	 ABW	 for	 calculating
CrCl.

Note:	To	convert	from	mL/min	to	L/hr,	multiply	by	0.06.
Calculate	vancomycin	clearance	(median	=	80%).

Step	2:	Calculate	Vd.

Derived	from	Matzke’s	calculations:



Step	3:	Calculate	K	and	T½.

Step	4:	Calculate	a	loading	dose.

Round	to	1,500	mg	given	as	a	one-time	dose.

Step	5:	Calculate	a	maintenance	dose.
Based	on	population	parameters,	pick	a	dose	that	you	think	the	patient	will	need
and	then	plug	into	MD	formula.	Adjust	as	necessary.	For	patient	BA,	because	we
are	 treating	 severe	 cellulitis	 with	 bacteremia	 in	 a	 diabetic	 patient	 (decreased



tissue	perfusion	of	vancomycin),	we	are	aiming	to	achieve	a	vancomycin	trough
of	 approximately	 15–20	 mg/L.	 We	 will	 start	 out	 trying	 a	 dose	 of	 1,000	 mg
(infused	over	2	hours)	given	every	12	hours.

So	if	we	start	this	patient	on	1,000	mg	vancomycin	given	every	12	hours,	we
can	expect	a	peak	of	approximately	35	mg/L	and	a	trough	of	18	mg/L,	which	is
within	our	target	range.

PATIENT-SPECIFIC	PHARMACOKINETICS



where
C1	=	observed	peak
C2	=	observed	trough
Δ	t	=	difference	in	time	between	C1	and	C2	within	the	same	dosing	interval
τ	=	dosing	interval
t′	=	infusion	time
t2	=	time	between	peak	drawn	and	the	end	of	the	infusion
t3	=	time	between	trough	drawn	and	true	trough

where	Cpeak	=	true	peak	(end	of	vanco	infusion).

where	Ctrough	=	true	trough.

CASE	1	(CONT.)
On	 day	 4	 of	 therapy,	 the	 team	 decides	 to	 check	 vancomycin	 levels	 for	 AJ.
Because	estimated	T½	was	18	hours,	 5	×18	hours	=	90	hours	=	3.75	days;	 it
should	now	be	at	steady	state.	At	 this	point,	respiratory	cultures	have	returned
positive	 for	 MRSA	 with	 a	 vancomycin	 MIC	 of	 1	 mg/L.	 AJ	 is	 clinically
responding,	fever	is	improving	with	decreased	respiratory	symptoms,	and	WBC
is	trending	downward.	Labs	are	stable,	and	after	hydration,	SCr	has	decreased
to	0.9	mg/dL.

Height	=	5′3″
Weight	=	130	lbs
SCr	=	0.9	mg/dL
AJ	 receives	 vancomycin	 1,250	 mg	 once	 daily	 at	 10:00	 AM.	 A	 peak	 level

drawn	on	day	4	of	therapy	at	2:00	PM	was	30.5	mg/L	and	a	trough	level	drawn
on	day	5	of	therapy	at	8:30	AM	was	13.0	mg/L.



QUESTION

What	 is	 the	patient’s	 true	peak	and	 trough?	 Is	 this	dose	adequate	 to	achieve	a
trough	of	≥15	mg/L?	If	not,	calculate	a	dose	to	achieve	this	target	trough.

Answer:

Step	1:	Calculate	patient-specific	K.

Step	2:	Calculate	true	peak	and	true	trough.



Step	3:	Calculate	true	Vd,	Cl,	and	T½.

Step	4:	Calculate	new	vancomycin	dose	using	patient-specific	PK.	We	will
start	by	trying	1,000	mg	every	18	hours	(infused	over	2	hours).



CASE	2	(CONT.)
On	 day	 3	 of	 therapy,	 the	 team	 decides	 to	 check	 vancomycin	 levels	 for	 CK.	 If
estimated	T½	was	4.4	hours,	5	×	4.4	hours	=	22	hours	≈	1	day,	it	should	now	be
at	steady	state.	Urine	cultures	return	and	are	growing	MRSA	and	E.	coli.	Blood
cultures	 remain	 negative	 and	 patient	 is	 clinically	 responding.	 Labs	 have
remained	stable.

Height	=	5′10″
Weight	=	145	lbs
SCr	=	0.4	mg/dL

CK	receives	vancomycin	1,000	mg	every	8	hours	at	6:00	AM,	2:00	PM,	and
10:00	PM.	A	peak	level	drawn	on	day	3	of	therapy	at	5:00	PM	was	40.8	mg/L



and	a	trough	level	drawn	on	day	3	of	therapy	at	1:30	PM	was	29.5	mg/L.
What	is	the	patient’s	true	peak	and	trough?	Is	this	dose	adequate	to	achieve	a

trough	of	10–15	mg/L?	If	not,	calculate	a	dose	to	achieve	this	target	trough.

Answer:

Step	1:	Calculate	patient-specific	K.
Because	the	peak	and	trough	were	not	in	the	same	line,	you	will	have	to	move
over	 the	 trough	 level	 from	 1:30	 PM	 to	 9:30	 PM	 in	 order	 to	 calculate	 the	 Δt.
Because	it	is	steady	state,	this	can	be	done.



Step	2:	Calculate	true	peak	and	true	trough.



Step	3:	Calculate	true	Vd,	Cl,	and	T½.



Step	4:	Calculate	new	vancomycin	dose	using	patient-specific	PK.
It	appears	we	overestimated	CK’s	CrCl	and	underestimated	his	Vd.	In	bedbound
patients	 with	 decreased	 muscle	 mass,	 it	 is	 more	 difficult	 to	 estimate	 renal
function	by	means	of	CrCl	formulas.	For	this	reason,	it	is	important	to	monitor
these	patients’	serum	vancomycin	levels	and	adjust	doses	as	necessary.	We	will
start	by	trying	1,000	mg	every	12	hours	(infused	over	2	hours).



Because	 the	 patient	 has	 a	 UTI,	 we	 do	 not	 necessarily	 need	 to	 shoot	 for	 a
trough	of	15–20	mg/L.	A	trough	above	10	mg/L	will	suffice;	therefore,	you	can
recommend	a	dose	of	1,000	mg	given	every	12	hours	or	750	mg	given	every	12
hours.

OPTIMIZING	AUC24/MIC	RATIO

As	previously	discussed,	targeting	a	vancomycin	AUC/MIC	ratio	≥400	helps	to
achieve	 maximal	 efficacy	 when	 treating	 MRSA	 infections.	 To	 ensure	 that	 a
selected	dosing	regimen	has	met	this	target,	the	AUC24	can	be	approximated	by
calculating	the	dose	given	over	a	24	hour	period	and	dividing	it	by	the	patient’s
vancomycin	clearance.



CASE	3	(CONT.)
Patient	was	receiving	1,000	mg	every	12	hours	infused	over	2	hours.

An	AUC/MIC	ratio	can	be	estimated	by	using	the	following	equation:

If	MIC	was	0.5	mg/L:

AUC24/MIC	=	588	mg•h/L/0.5	mg/L	=	1,176

If	MIC	was	1.0	mg/L:

AUC24/MIC	=	588	mg•h/L/1.0	mg/L	=	588

If	MIC	was	2.0	mg/L:

AUC24/MIC	=	588	mg•h/L/2.0	mg/L	=	294

If	the	MIC	of	vancomycin	to	S.	aureus	was	≤1,	the	AUC24/MIC	would	be	588
or	greater,	which	meets	our	target	of	≥400.9

VANCOMYCIN	DOSING	IN	PATIENTS
UNDERGOING	RENAL	REPLACEMENT
THERAPIES

Patients	with	either	acute	or	chronic	kidney	disease	have	significant	changes	in
the	pharmacokinetics	of	vancomycin	due	to	the	increased	Vd	and	decreased	total
drug	clearance.	The	Vd	of	vancomycin	in	patients	with	chronic	kidney	disease	is
affected	 by	 alterations	 in	 plasma	 protein	 binding	 (due	 to	 low	 albumin)	 and



variation	 in	 fluid	 status,	 as	 well	 as	 other	 patient-specific	 factors	 mentioned
earlier.

Both	the	renal	and	nonrenal	clearance	of	vancomycin	are	affected	in	patients
with	 impaired	 renal	 function.	Vancomycin	 is	excreted	primarily	via	glomerular
filtration,	 so	 in	 patients	 with	 end-stage	 renal	 disease	 (ESRD)	 the	 elimination
half-life	 of	 the	 drug	 is	 prolonged	 to	 54–180	 hours.6	As	mentioned	 earlier,	 the
nonrenal	clearance	of	vancomycin	in	patients	with	normal	renal	function	is	about
10–30	 percent	 of	 the	 total	 drug	 clearance.	 However,	 in	 patients	 with	 ESRD
undergoing	hemodialysis,	the	nonrenal	clearance	of	vancomycin	is	reduced	to	5–
6	mL/min.6,33

The	 vancomycin	 dosing	 regimen	 in	 patients	 undergoing	 renal	 replacement
therapies	 (RRT)—intermittent	 hemodialysis	 (IHD)	 and	 continuous	 renal
replacement	 therapy	 (CRRT)—can	 vary	 depending	 on	 their	 residual	 renal
function,	 type	 of	 dialysis,	 dialyzer	membrane	 or	 filter	 composition,	 and	 blood
flow	 rate	 being	 used.	 The	 type	 of	 dialysis	 membrane	 used	 is	 crucial	 in
determining	 the	 impact	 of	 vancomycin	 removal	 during	 RRT.	 The	 dialysis
membrane	can	be	a	combination	of	low	or	high	efficiency	with	low	or	high	flux.
High	 efficiency	 refers	 to	 using	 membranes	 with	 larger	 surface	 area,	 which
removes	 small-size	 solutes	 such	 as	 urea.	 Low-flux	 hemodialysis	 (LFHD)
membranes	have	smaller	pores	and	lower	ultrafiltration	coefficients	as	compared
to	the	high	flux	hemodialysis	(HFHD)	membranes.	The	LFHD	membrane,	such
as	cuprophane,	is	relatively	impermeable	to	drugs	with	molecular	weight	greater
than	1,000	daltons.34	Because	vancomycin	has	a	molecular	size	of	1,500	daltons,
the	removal	of	 the	drug	using	LFHD	is	almost	negligible,	allowing	for	at	 least
once	weekly	dosing	intervals.	Unlike	LFHD,	HFHD	uses	a	membrane	(such	as
polysulfone)	with	large	pore	sizes.	HFHD	is	efficient	in	removing	molecules	that
have	 a	 molecular	 weight	 of	 10,000	 daltons	 or	 less.34	 Hence,	 the	 removal	 of
vancomycin	during	HFHD	is	significantly	large,	about	25–50	percent.35,36	Table
20-1	provides	some	examples	of	low-	and	high-flux	dialyzer	membranes	used	in
IHD	 and	 CRRT	 and	 their	 respective	 vancomycin	 clearances	 found	 in	 the
literature.	 Keep	 in	 mind	 that	 the	 variance	 in	 vancomycin	 clearance	 found
between	the	different	types	of	dialysis	membranes	may	also	be	due	to	patients’
residual	renal	function	as	well	as	the	duration	of	dialysis	session.

TABLE
20-1

Vancomycin	Clearances	with	Various	Types	of	Dialysis	and
Dialyzer	Membranes



INTERMITTENT	HEMODIALYSIS
As	mentioned	earlier,	the	elimination	half-life	of	vancomycin	in	ESRD	patients
is	prolonged	for	at	least	54	hours.	Assuming	the	steady	state	is	reached	after	four
to	 five	half-lives,	 steady	state	will	not	be	 reached	until	after	216–270	hours	or
after	9–11	days	of	therapy.	Therefore,	to	ensure	a	sufficient	area	under	the	curve
(AUC)	on	day	1	of	therapy,	loading	doses	should	be	given	to	all	patients.6

Due	to	the	minimal	amount	of	vancomycin	cleared	by	the	LFHD	membrane,
the	dosing	 interval	 is	much	longer	 in	LFHD	as	compared	 to	HFHD.	The	usual
maintenance	dose	 in	patients	undergoing	LFHD	is	1,000	mg	intravenous	every
5–14	days,	depending	on	the	target	prehemodialysis	serum	concentration.	On	the
other	hand,	patients	on	HFHD	can	receive	vancomycin	500–1,000	mg	after	each
hemodialysis	session.46	Vancomycin	doses	can	be	calculated	by	phamacokinetic
calculations	utilizing	LD	and	MD	equations	seen	previously	or	by	using	dosing
algorithms	 based	 on	 pre-HD	 concentrations.	 One	 example	 of	 a	 vancomycin
dosing	algorithm	 in	patients	undergoing	HFHD	is	provided	 in	Table	20-2.47	 In
this	 algorithm,	Pai	 and	Pai	 formulated	dosing	 recommendations	based	on	 their



patients’	 predialysis	 drug	 concentration	 obtained	 before	 each	 session.47	 It	 is
important	 to	 note	 that	 at	 least	 20	 percent	 of	 samples	 in	 the	 study	 were
subtherapeutic	vancomycin	concentration	of	≤10	mg/L.

Due	to	the	minimal	amount	of	vancomycin	cleared	by	the	LFHD	membrane,
the	dosing	 interval	 is	much	longer	 in	LFHD	as	compared	 to	HFHD.	The	usual
maintenance	dose	 in	patients	undergoing	LFHD	is	1,000	mg	intravenous	every
5–14	days,	depending	on	the	target	prehemodialysis	serum	concentration.	On	the
other	hand,	patients	on	HFHD	can	receive	vancomycin	500–1,000	mg	after	each
hemodialysis	session.46	Vancomycin	doses	can	be	calculated	by	phamacokinetic
calculations	utilizing	LD	and	MD	equations	seen	previously	or	by	using	dosing
algorithms	 based	 on	 pre-HD	 concentrations.	 One	 example	 of	 a	 vancomycin
dosing	algorithm	 in	patients	undergoing	HFHD	is	provided	 in	Table	20-2.47	 In
this	 algorithm,	Pai	 and	Pai	 formulated	dosing	 recommendations	based	on	 their
patients’	 predialysis	 drug	 concentration	 obtained	 before	 each	 session.47	 It	 is
important	 to	 note	 that	 at	 least	 20	 percent	 of	 samples	 in	 the	 study	 were
subtherapeutic	vancomycin	concentration	of	≤10	mg/L.

TABLE
20-2

Revised	Vancomycin-Dosing	Algorithm	for	Patients	Receiving
Three-Times	Weekly	High-Flux	Hemodialysis



Used	with	permission	from	Pai	AB,	Pai	MP.	Vancomycin	dosing	in	high	flux	hemodialysis:	A	limited-
sampling	algorithm.	Am	J	Health-Syst	Pharm.	2004;61:1812–1816.

CASE	4
BT	 is	 a	 40-year-old	 female	 diagnosed	 with	 left	 heel	 cellulitis.	 Patient	 has	 a



wound	drainage	that	is	positive	with	MRSA	sensitive	to	vancomycin.	Patient	has
ESRD	 and	 is	 currently	 receiving	 hemodialysis	 on	Mondays,	 Wednesdays,	 and
Fridays	 from	 8	 AM	 to	 12	 PM.	 The	 dialysis	 clinic	 that	 she	 goes	 to	 uses	 a
cuprophane,	 a	 low-flux	 hemodialysis	 membrane,	 with	 a	 reported	 vancomycin
clearance	of	0.58	L/h.

Height	=	5′5″
Weight	=	60	kg

Provide	a	loading	dose	with	an	initial	concentration	of	30	mg/L	and	maintenance
dose	with	 a	 peak	 and	 trough	 concentrations	 of	 30–40	mg/L	 and	 10–15	mg/L,
respectively,	for	the	patient.

Step	1:	Determine	the	loading	dose	of	vancomycin.
The	 dose	 for	 this	 patient	 should	 be	 determined	 using	Equation	 7.	Because	 the
patient	 is	ESRD,	we	will	use	0.84	L/kg	(derived	from	Matzke)	 to	calculate	 the
Vd.

Note:	Doses	should	be	rounded	to	the	nearest	250	mg.

Step	2:	Calculate	K.
Assuming	 the	 patient	 has	 no	 residual	 renal	 function	 and	 the	 vancomycin
clearance	is	5	mL/min	(or	0.3	L/h),	calculate	the	K:



Step	3:	Determine	the	half-life.

In	5	days,	patient	is	scheduled	for	another	HD	session.	A	pre-HD	concentration
of	15	mg/L	was	measured.

Step	4:	Calculate	the	replacement	dose.

Equation	15a:

CASE	5
MC	is	73-year-old	male	who	was	sent	to	the	ER	for	a	possible	MRSA	bacteremia
secondary	to	an	infected	central	line	on	Tuesday.	Patient	is	ESRD	and	has	been
on	hemodialysis	three	times	a	week	(every	Monday,	Wednesday,	and	Friday)	for
5	years.	While	in	the	ER,	he	was	given	a	loading	dose	of	vancomycin	1,750	mg
intravenously.	 On	 the	 following	 day	 after	 he	 finished	 his	 dialysis	 session,	 the
team	 administered	 a	 dose	 of	 vancomycin	 1,000	 mg.	 The	 team	 obtained	 a
predialysis	 vancomycin	 concentration	 on	 Friday	 of	 16	 mg/L.	 If	 the	 percent
removal	 of	 vancomycin	 after	 HFHD	 is	 35	 percent,	 determine	 the	 postdialysis
concentration	and	replacement	dose	after	each	session.

Height	=	5′9″
Weight	=	70	kg

Step	1:	Calculate	the	initial	plasma	concentration	that	will	be	achieved	with
the	loading	dose.



Step	2:	Estimate	the	postdialysis	concentration	of	vancomycin	using
Equation	15b.	Of	note,	this	equation	does	not	factor	any	other	methods	of
drug	removal	other	than	dialysis.	However,	because	the	estimated	nonrenal
clearance	of	vancomycin	in	ESRD	is	minimal,	the	percentage	of	drug
removal	is	insignificant.
Equation	15b4:

Step	3:	Assume	that	the	initial	vancomycin	concentration	after	a	loading
dose	of	vancomycin	1,750	mg	is	29.8	mg/L,	and	estimate	the	replacement
dose	using	Equation	15c.
Equation	15c48:

Vancomycin	1,250	mg	after	HFHD	will	be	given	to	this	patient.	However,	to
ensure	that	we	are	targeting	an	appropriate	trough	level,	another	prehemodialysis
concentration	can	be	obtained.	Based	on	 the	 level,	we	may	continue	or	change
the	dosage	regimen.



CONTINUOUS	RENAL	REPLACEMENT	THERAPY
Continuous	 renal	 replacement	 therapy	 (CRRT)	 is	 frequently	 used	 to	 treat
critically	 ill	 patients	 with	 acute	 or	 chronic	 renal	 failure.	 In	 comparison	 to
intermittent	 hemodialysis,	 CRRT	 is	 better	 tolerated	 in	 unstable	 patients	 and	 is
effective	in	removing	solutes	during	a	24-hour	dialysis	session.	The	variants	of
CRRT	 commonly	 used	 in	 critically	 ill	 patients	 are	 CVVHD,	 CVVH,	 and
CVVHDF.

Diffusion	 and	 convection	 are	 the	 two	 mechanisms	 used	 in	 CRRT	 when
removing	fluids,	waste	products,	or	drugs.	Diffusion	is	a	process	of	removal	in
which	solutes	move	through	the	concentration	gradients	between	the	blood	and
the	dialysate	across	the	semipermeable	hemodialysis	membrane.	Convection,	on
the	other	hand,	refers	to	the	removal	of	a	large	amount	of	water	across	a	large-
pore	dialysis	membrane	into	the	ultrafiltrate	compartment,	dragging	along	with	it
solutes	 dissolved	 in	 the	 water,	 which	 occurs	 irrespective	 of	 concentration
gradient	 or	 molecular	 size.	 Conventional	 intermittent	 hemodialysis	 (IHD)	 and
continuous	venovenous	hemodialysis	(CVVHD)	are	primarily	diffusion,	whereas
continuous	venovenous	hemofiltration	(CVVH)	uses	convection.	The	continuous
venovenous	hemodiafiltration	(CVVHDF)	uses	both	convection	and	diffusion	in
removing	 drug	 and	 solutes,	 resulting	 in	 greater	 drug	 removal	 compared	 to	 the
other	RRT.	The	variables	that	affect	drug	clearances	during	CRRT	are	the	drug’s
molecular	 weight,	 permeability	 to	 pass	 through	 the	 membrane	 or	 sieving
coefficient	 (SC),	 and	 the	 renal	 replacement	 techniques	 being	 used.	 (i.e.,
convection	 and/or	 diffusion	methods;	 blood,	 dialysate,	 and	 ultrafiltration	 flow
rates;	and	duration	of	CRRT).

Because	 CVVH	 uses	 a	 convective	 method,	 its	 vancomycin	 clearance	 is
dependent	on	SC	and	ultrafiltration	rate	(UFR)	as	shown	in	Equation	16.34	The
SC	 is	 the	 ratio	 of	 drug	 concentration	 in	 the	 ultrafiltrate	 to	 the	 prefilter	 plasma
concentration.	 Table	 20-3	 lists	 some	 examples	 of	 SC	 of	 vancomycin	 for	 a
particular	 hemodialysis	 membrane.49	 If	 the	 SC	 is	 not	 known,	 the	 unbound
fraction	(fu)	 of	 the	drug	can	also	be	 substituted	as	 seen	 in	 the	Equation	16a.34

The	 vancomycin	 clearance	 via	 CVVHD,	 on	 the	 other	 hand,	 is	 primarily
diffusion,	so	its	drug	removal	can	be	estimated	by	multiplying	the	dialysate	flow
rate	 (DFR)	 and	 SC	 as	 seen	 in	 Equation	 17.34	 CVVHDF	 is	 a	 combination	 of
diffusion	and	convection	methods;	therefore,	the	clearance	of	vancomycin	can	be
predicted	using	Equation	18	provided	that	the	DFR	is	less	than	33	mL/min	and
the	blood	flow	rate	is	at	least	75	mL/min.34



TABLE
20-3

Examples	of	Sieving	Coefficient	During	CRRT	for
Vancomycin49

Using	the	estimated	vancomycin	CRRT	clearance,	a	once-daily	regimen	can
be	 determined	 using	 Equation	 19.49	 Another	 way	 to	 empirically	 dose
vancomycin	in	patients	during	CRRT	is	provided	in	Table	20-4.50	To	ensure	that
the	calculated	vancomycin	trough	level	is	at	target,	the	clinician	should	obtain	a
level	 at	 least	 24	 hours	 after	 the	 start	 of	 therapy	 and	 then	 obtain	 another	 after
level	after	steady	state	is	reached	after	the	fourth	dose.

TABLE
20-4 Dosing	Recommendations	for	Vancomycin	during	CRRT50



where

CASE	6
A	 56-year-old	 male	 who	 developed	 an	 acute	 renal	 injury	 (ARI)	 after	 an
abdominal	surgery	will	be	undergoing	a	CVVH	to	remove	edema	and	to	correct



an	electrolyte	imbalance.	Due	to	his	ARI,	he	is	only	making	a	urine	output	of	200
mL	in	24	hours.	He	currently	weighs	200	lbs	with	an	approximate	preadmission
weight	 of	 170	 lbs.	 His	 estimated	 creatinine	 clearance	 is	 10	 mL/min.	 The
ultrafiltration	rate	of	the	CVVH	is	set	at	0.5	L/h	with	Polysulfone	(SC	0.68)	as
the	filter	membrane	being	used.
Soon	after	the	patient	had	started	the	CVVH	therapy,	he	developed	fever	and

catheter-related	 infection.	 The	 medical	 team	 is	 concerned	 about	 a	 possible
MRSA	 bacteremia,	 and	 they	 would	 like	 to	 initiate	 vancomycin	 to	 the	 patient
empirically.

QUESTION

Provide	 a	 loading	 and	 maintenance	 dosing	 regimen	 for	 the	 patient.	 For	 the
maintenance	dose	 that	you	calculated,	what	are	 the	estimated	peak	and	trough
levels?

Answer:

Step	1:	Calculate	the	loading	dose.	Use	the	current	weight	of	200	lbs	to
obtain	the	Vd.	Because	the	patient	is	fluid-overloaded,	it	may	also	be
appropriate	to	increase	the	Vd	to	1	L/kg.	However,	as	the	fluid	is	removed
and	his	weight	approaches	its	baseline,	the	dose	should	then	be	adjusted.
The	initial	target	concentration	should	be	at	least	30	mg/L.

Step	2:	Calculate	the	total	clearance.	Assume,	patient’s	nonrenal	clearance
is	16	mL/min	because	he	is	anuric.	However,	if	this	patient’s	acute	renal
failure	is	prolonged,	the	assumed	CLNR	will	further	decrease	over	time.



Step	3:	Calculate	the	maintenance	dose.	Assume	that	the	vancomycin
steady-state	plasma	concentration	to	be	targeted	is	20	mg/L.

Step	4:	With	the	preceding	CVVH	vancomycin	dosing	regimen,	calculate
the	estimated	peak	and	trough	levels.



SAMPLING	OF	VANCOMYCIN	IN	PATIENTS
UNDERGOING	HEMODIALYSIS

It	 is	 evident	 that	 vancomycin	 concentrations	 rebound	 at	 the	 end	 of	HFHD.	A
plasma	profile	of	vancomycin	concentration	versus	time	showed	that	 levels	are
significantly	 lowered	 during	 a	 HFHD	 session,	 which	 later	 increased	 as	 the
session	ended	after	3–6	hours.46	This	phenomenon	is	thought	to	be	a	result	from
the	 movement	 of	 vancomycin	 from	 plasma	 protein-binding	 sites	 rather	 than
peripheral	 compartments.	 Postdialysis	 rebound	 does	 not	 occur	 during	 low-flux
hemodialysis	or	continuous	renal	replacement	therapy.	The	total	body	clearance
of	 vancomycin	 during	 CRRT	 almost	 remains	 constant,	 so	 trough	 level	 can	 be



obtained	 at	 any	 time	 during	 continuous	 hemodialysis.	 However,	 if	 dialysis	 is
stopped	and	vancomycin	 treatment	still	needs	 to	be	continued,	 then	 the	plasma
concentration	must	be	determined	4–6	hours	after	stopping	the	drug	and	before
readministration	of	 any	drug.46	For	high-flux	hemodialysis,	 vancomycin	 levels
should	 not	 be	 drawn	within	 6	 hours	 after	 high-flux	 hemodialysis	 session,	 and
pre-HFHD	trough	levels	are	recommended.

PERITONEAL	DIALYSIS

The	continuous	ambulatory	peritoneal	dialysis	(CAPD)	and	automated	peritoneal
dialysis	 (APD)	 are	 the	 two	 types	 of	 peritoneal	 dialysis.	 During	 CAPD,	 the
dialysate	fluid	is	left	to	dwell	in	the	patient’s	peritoneal	cavity	overnight	for	4–6
hours,	during	which	it	will	absorb	the	waste	products	from	the	blood	through	the
peritoneum.	The	dialysate	fluid	is	drained	out	manually	during	the	day	and	the
process	is	repeated	four	times	daily.	APD,	on	the	other	hand,	is	the	opposite	of
CAPD	where	the	long	dwell	of	the	dialysate	solution	occurs	during	the	day,	and
the	solution	is	replaced	by	a	dialysis	machine	overnight	while	the	patient	sleeps.
Patients	on	APD	are	usually	attached	to	the	machine	for	8–10	hours	a	day.

Vancomycin	 administration	 in	 peritoneal	 dialysis	 patients	 can	 either	 be
intraperitoneally	 or	 intravenously.	 Intraperitoneal	 dosing	 decreases	 the	 risk	 of
infusion-related	 syndrome,	 and	 if	 the	 patient	 has	 peritonitis,	 it	 will	 provide	 a
direct	delivery	of	the	drug	to	the	site	of	infection.	In	patients	without	peritonitis,
it	is	expected	that	50	percent	of	the	drug	will	be	absorbed	during	a	4-	to	6-hour
dwell-time.55	In	patients	with	peritonitis,	however,	the	absorption	of	vancomycin
is	closer	 to	90	percent.55	Therefore,	when	dosing	vancomycin	 intravenously	 in
peritoneal	dialysis	patients	without	peritonitis,	the	dose	should	be	approximately
50	 percent	 of	 the	 intraperitoneal	 dose.54	 In	 a	 study	 by	Morse	 and	 colleagues,
administering	 a	 single	 vancomycin	 dose	 of	 30	 mg/kg	 intraperitoneally	 during
CAPD	achieved	a	serum	level	of	15	±	3.6	mg/L	and	21	±	1.7	mg/L	after	72	hours
and	 24	 hours	 of	 dosing,	 respectively.54	 These	 levels	 were	 found	 to	 be
comparable	after	a	 single	 intravenous	vancomycin	dose	of	15	mg/kg,	 targeting
serum	levels	of	15.4	±	3.1	mg/L	and	19.8	±	4.9	mg/L	after	72	hours	and	24	hours
of	 dosing,	 respectively.	 The	 recommended	 vancomycin	 dosing	 regimens	 by
International	 Society	 for	 Peritoneal	 Dialysis	 (ISPD)	 for	 intermittent	 and
continuous	 peritoneal	 dialysis	 during	 CAPD	 and	 intermittent	 APD	 are
summarized	 in	 Table	 20-5.56	 Keep	 in	 mind	 that	 the	 dosing	 interval	 of



vancomycin	 during	 peritoneal	 dialysis	 may	 vary	 from	 the	 ISPD	 guidelines,
depending	on	 the	patient’s	 residual	 renal	 function,	peritoneal	dialysis	 type,	and
target	serum	levels.	To	prepare	vancomycin-containing	dialysate	bag	for	CAPD
and	APD	intermittent	dosing,	the	calculated	dose	is	diluted	in	a	2-liter	dialysate
bag	 and	 dwells	 for	 at	 least	 6	 hours	 for	 it	 to	 be	 effectively	 absorbed	 into	 the
systemic	circulation.

TABLE
20-5 Intraperitoneal	Dosing	of	Vancomycin	in	CAPD	and	APD56

aIn	patients	with	residual	renal	function,	increasing	the	dose	by	25	percent	may	be	necessary.
bThese	dosing	intervals	will	aim	to	keep	serum	levels	above	15	mg/L.

CASE	7
A	 60-year-old	 woman	 (60-kg)	 on	 CAPD	 has	 been	 empirically	 started	 on
vancomycin	1,750	mg	intravenously	for	peritonitis	treatment.

QUESTION
What	is	the	replacement	dose	of	vancomycin	if	the	trough	level,	obtained	4	days
after	dosing,	is	15	mg/L?



Answer:
The	measured	 trough	 level	of	15	mg/L	 is	appropriate	 for	 treating	 this	patient’s
infection,	 so	 keeping	 this	 level	 is	 desirable.	 Equation	 15c	 can	 be	 used	 to
determine	 a	 replacement	 dose.	 This	 dosing	 formula	 is	 used	 to	 target	 peak	 or
initial	vancomycin	concentration	from	the	actual	trough	(CTROUGH).	In	this	case,
the	initial	vancomycin	concentration	after	giving	a	loading	dose	of	1,750	mg	is
34.72	mg/L.	Because	the	patient	is	on	peritoneal	hemodialysis,	we	will	assume
that	the	Vd	is	0.84	L/kg.

Although	we	were	able	to	determine	the	replacement	dose	of	vancomycin	for
this	patient,	it	is	still	advisable	to	repeat	serum	levels	in	4	days	to	ensure	levels
remain	above	15	mg/L.	If,	however,	the	repeated	level	goes	below	the	target,	we
recommend	decreasing	the	dosing	interval	by	1	day,	and	then	repeat	levels	in	3
days.

ADVERSE	DRUG	EVENTS

NEPHROTOXICITY	AND	OTOTOXICITY
The	old	vancomycin	preparation	in	the	1950’s	contained	a	substantial	amount	of
impurities	 that	made	 the	drug	highly	ototoxic	 and	nephrotoxic.	However,	with
modern	 production	 techniques	 those	 impurities	 were	 removed	 thus	 lessening
these	toxicities	to	a	certain	extent.

The	exact	mechanism	of	vancomycin-induced	nephrotoxicity	 (VIN)	has	not
been	 fully	 elucidated;	 but	 it	 is	 speculated	 that	 it	 may	 be	 due	 to	 complement
activation	and	increased	oxidative	stress	in	the	renal	proximal	tubules.57	Various
literature	define	VIN	as	either	an	increase	in	the	SCr	level	of	≥0.5	mg/dL	or	50
percent	 from	baseline;	 or	decrease	 in	 creatinine	 clearance	 to	<50	mL/min	or	 a
decrease	of	>10	mL/min	from	a	baseline	of	CrCl	of	<50	mL/min.	In	the	1980s,
VIN	 was	 reported	 in	 0–5	 percent	 of	 patients,	 but	 when	 vancomycin	 is



coadministered	with	other	nephrotoxic	agents,	the	VIN	rates	increase	to	as	high
as	35	percent.58,59	Other	factors	that	have	been	shown	to	increase	the	incidence
of	 VIN	 include	 high	 doses	 of	 vancomycin,	 ≥4	 grams	 per	 day,60	 extended
duration	of	therapy,61	and	high	target	trough	levels.61,62

Vancomycin-induced	ototoxicity	(VIO)	has	been	documented	in	case	reports
but	is	less	commonly	reported	as	an	adverse	drug	event	compared	to	VIN.	VIO
can	 either	 be	 reversible	 or	 irreversible,	 depending	 on	 the	 vancomycin	 serum
concentrations.	Reversible	 ototoxicity	 is	 generally	 associated	with	 vancomycin
serum	levels	greater	than	40	mg/L	and	irreversible	damage	with	greater	than	80
mg/L.63	The	ototoxicity	associated	with	vancomycin	is	characterized	by	damage
in	 the	 auditory	 nerve	 causing	 full	 deafness	 in	 all	 frequencies.64	 The	 high-
frequency	 sensory	 hairs	 in	 the	 cochlea	 are	 affected	 first,	 then	 the	middle-	 and
low-frequency	 hairs.	 Once	 the	 hair	 cell	 degenerates,	 the	 deafness	 produced	 is
irreversible	and	permanent.	Therefore,	 if	a	patient	starts	complaining	of	loss	of
acuity	 to	high-frequency	sounds	and	 tinnitus,	which	are	 regarded	as	prominent
signs	 of	 VIO,	 vancomycin	 therapy	 should	 be	 discontinued.	 Factors	 associated
with	VIO	other	 than	high	 serum	 levels	 are	 concomitant	use	of	ototoxic	 agents
and	age	(middle-aged	patients	have	higher	risk).65

VANCOMYCIN-INDUCED	THROMBOCYTOPENIA
Thrombocytopenia	 is	 a	 well-recognized	 adverse	 event	 associated	 with
vancomycin	 use	 and	 has	 an	 estimated	 frequency	 of	 2–3	 percent.66,67
Vancomycin-induced	thrombocytopenia	(VIT)	may	be	caused	by	a	vancomycin
and	platelet	membrane	glycoprotein	 IIb/IIIa	 complex,	which	 in	 turn	 stimulates
the	 production	 of	 vancomycin-dependent	 immunoglobulin	 G	 (IgG)	 antibodies
and	leads	to	platelet	destruction	via	complement	activation.68	Von	Drygalski	and
others	found	that	patients	with	vancomycin-dependent	antibodies	had	a	median
percentage	 decrease	 in	 platelet	 count	 from	 baseline	 of	 95	 percent	 (range:	 76–
99%)	while	 on	 vancomycin	 therapy.68	 In	 this	 study,	 the	median	 nadir	 platelet
count	was	10,000	count	per	mm3	 (range:	1,000–60,000	count	per	mm3)	after	7
days	 (range:	 3–27	 days)	 of	 treatment.	 Although,	 the	 VIT	 was	 found	 to	 be
reversible	 after	 discontinuation	 of	 treatment,	 the	median	 time	 required	 for	 the
platelet	 level	 to	 return	 to	 at	 least	 150,000	 count	 per	 mm3	 after	 stopping
vancomycin	was	7.5	days	(range:	4–17).

HYPERSENSITIVITY	REACTIONS



Red	man	syndrome	(RMS)	and	anaphylaxis	are	the	two	types	of	hypersensitivity
reactions	 associated	 with	 vancomycin.	 RMS	 is	 an	 infusion-related	 reaction
common	to	vancomycin,	especially	if	the	drug	is	infused	at	a	rapid	rate.	RMS	is
an	anaphylactoid	reaction	caused	by	the	release	of	histamine	from	mast	cells	and
basophils	 found	 in	 the	 skin,	 lung,	 gastrointestinal	 tract,	 myocardium,	 and
vascular	 system.69,70	 The	 incidence	 of	 RMS	 varies	 from	 3.7	 percent71	 to	 47
percent72	 in	 infected	 patients,	 and	 rates	 up	 to	 90	 percent69	 have	 been	 seen	 in
healthy	volunteers	when	a	1,000	mg	dose	was	infused	over	1	hour.

RMS	can	manifest	with	generalized	flushing,	pruritus,	and	erythematous	rash
involving	 the	 face,	neck,	 and	upper	 torso.73	 In	 severe	 cases,	 patients	may	 also
present	 with	 hypotension,	 chest	 pain,	 and	 dyspnea.73	 RMS	 can	 occur	 after
infusion	 of	 the	 first	 dose	 of	 vancomycin	 or	 at	 any	 time	 during	 vancomycin
therapy.	It	can	appear	as	early	as	4–10	minutes	after	the	start	of	infusion	or	can
occur	 after	 the	 infusion	 has	 completed.	 The	 IDSA	 vancomycin	 guideline
suggests	that	infusion	of	vancomycin	can	be	given	safely	at	a	rate	no	faster	than
500	 mg/hr.1	 If	 RMS	 occurs,	 the	 vancomycin	 infusion	 should	 be	 stopped
immediately	 and	 diphenhydramine	 50	 mg	 intravenous	 or	 oral	 given	 to	 the
patient.	 If	 hypotension	occurs,	 intravenous	 fluid	 bolus	 and/or	 vasopressor	may
also	be	given.	Once	the	rash	and	itching	resolves,	the	vancomycin	infusion	can
be	resumed	at	a	slower	rate	to	avoid	recurrence	of	RMS.

The	other	type	of	hypersensitivity	reaction	to	vancomycin	is	an	IgE-mediated
systemic	anaphylaxis.	In	order	for	a	patient	to	have	this	reaction,	he	or	she	has	to
have	previous	exposure	to	vancomycin	to	elicit	an	IgE	antibody	response	against
the	drug.73	The	vancomycin-specific	IgE	antibodies	then	bind	to	mast	cells	and
basophils	and	with	subsequent	exposure	 to	vancomycin	a	cross-linking	of	cell-
bound	IgE	occurs	causing	mast	cell	and	or	basophil	to	degranulate.	When	mast
cells	 and	 basophils	 de	 granulate,	 vasoactive	 mediators	 such	 as	 histamine,
leukotrienes,	 prostaglandins,	 and	 platelet-activating	 factors	 are	 released.
Manifestations	 of	 a	 anaphylaxis	 reaction	 may	 include	 urticaria,	 angioedema,
hypotension,	 and/or	 bronchospasm.	 These	 reactions	 can	 be	 life	 threatening
unless	 emergent	 care	 is	 obtained.	 If	 anaphylaxis	 occurs,	 epinephrine	 0.3	 mg
intramuscular	or	1:1,000	strength	is	the	first-line	agent	of	therapy.	Future	use	of
vancomycin	should	be	avoided	in	these	patients.
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CHAPTER 	21
Warfarin

VALERY	L.	CHU,	BS,	PharmD,	BCACP,	CACP,	AE-C
HELENE	C.	MALTZ,	BS,	PharmD,	BCPS

OVERVIEW

Following	the	isolation	of	hemorrhagic	agents	from	spoiled	sweet	clover	hay	in
the	1930s	and	development	of	3-phenyacetyl	ethyl,	4-hydroxycoumarin	as	a	rat
poison	in	1948,	warfarin	has	been	the	primary	oral	anticoagulant	used	in	North
America	 since	 its	 approval	 for	 medical	 use	 in	 1954.1	 Even	 following	 the
availability	 of	 new	 oral	 anticoagulant	 classes,	 it	 is	widely	 used	 for	 its	 various
indications	 including	 prophylaxis	 and	 treatment	 of	 venous	 thrombosis	 and
pulmonary	 embolism,	 prophylaxis	 and	 treatment	 of	 thromboembolic
complications	 of	 atrial	 fibrillation	 and	 heart	 valve	 replacement,	 and
postmyocardial	infarction	(MI)	reduction	in	the	risk	of	death,	recurrent	MI,	and
thromboembolic	events	such	as	stroke	or	systemic	embolization.2

Warfarin,	a	vitamin	K	antagonist	(VKA),	inhibits	the	C1	subunit	of	vitamin	K
epoxide	reductase	(VKORC1)	complex,	preventing	 the	regeneration	of	vitamin
K1	epoxide.	This	interferes	with	the	carboxylation	and	activation	of	vitamin	K-
dependent	clotting	factors,	factors	II,	IV,	IX,	and	X	(Figure	21-1).2-4	At	the	same
time,	carboxylation	of	the	natural	anticoagulants	proteins	C	and	S	is	inhibited	as
well.4	This	effect	can	be	reversed	with	the	administration	(pharmacologically	or
nutritionally)	of	vitamin	K1,	which	is	also	called	phytonadione.4	Prolongation	of
the	 prothrombin	 time	 (PT)	 is	 seen	 with	 warfarin	 therapy,	 and	 a	 standardized
measurement	of	 this	effect,	 the	 international	normalized	ratio	(INR),	 is	utilized
for	warfarin	monitoring	because	it	has	been	shown	to	correlate	with	efficacy.2,5,6





FIGURE	21-1.	Mechanism	of	action	of	warfarin.

PHARMACOKINETICS

Warfarin	 has	 nearly	 100	 percent	 oral	 bioavailability,	 achieving	 peak
concentrations	within	 4	 hours	 of	 administration.2	 Its	 volume	 of	 distribution	 is
small,	 0.14	 L/kg,	 and	 is	 limited	 by	 99	 percent	 protein	 binding,	 primarily	 to
albumin.2,4	 Commercially	 available	 warfarin	 products	 are	 equal,	 racemic
mixtures	of	the	R	and	S	enantiomers.4	The	S-warfarin	enantiomer	is	five	 times
more	potent.	It	 is	primarily	metabolized	by	cytochrome	P-450	(CYP)	2C9,	and
in	part	by	CYP	2C19.	The	less	potent	R-warfarin	enantiomer	is	metabolized	by
CYP	 1A2	 and	 CYP	 3A4.7	 The	 products	 of	 metabolism	 are	 inactive	 and	 92
percent	excreted	in	the	urine.2	The	pharmacokinetic	half-life	of	warfarin	is	36–
42	hours2,4;	therefore,	≥4	days	is	required	to	achieve	steady-state	concentrations
of	 any	 given	 warfarin	 dose.	 However,	 the	 chief	 pharmacodynamic	 effect	 of
warfarin	 is	 caused	 by	 its	 inhibition	 of	 factor	 II	 (thrombin).	 The	 full	 effect	 of
warfarin	 is	 therefore	 determined	by	 the	 half-life	 of	 factor	 II	 (60–72	hours),	 so
complete	factor	II	 inhibition	can	take	10	days	or	more	to	achieve.4	 It	 is	for	the
same	 reason	 that	 when	 warfarin	 is	 initiated,	 its	 antithrombotic	 effect	 is	 not
realized	until	 at	 least	 5	days	of	 treatment	has	 elapsed.	Therefore,	 overlap	with
another	form	of	anticoagulation	with	a	faster	onset,	historically	unfractionated	or
low	molecular	weight	heparin,	is	required	for	the	first	5	days	and	until	the	INR
produced	 by	 warfarin	 therapy	 is	 in	 the	 therapeutic	 range	 for	 2	 consecutive
days.4,7	Since	complete	factor	II	inhibition	can	take	10	days	or	more	to	achieve,
and	 close	monitoring	 of	 the	 extent	 and	 rate	 of	 anticoagulation	 achievement	 is
warranted	during	initiation.

ADVERSE	EFFECTS

The	major	adverse	effect	associated	with	warfarin	use	is	bleeding,	including	fatal
intracranial	 and	 gastrointestinal	 (GI)	 hemorrhages.2	 High-intensity
anticoagulation,	 older	 age,	 variable	 coagulation	 control,	 history	 of	 GI	 bleeds,
hypertension,	 cerebrovascular	 disease,	 anemia,	 malignancy,	 trauma,	 renal
impairment,	 liver	 function	 impairment,	 and	 genetic	 predisposition	 to	 over-
anticoagulation	 are	 risk	 factors	 for	 bleeding.	 Because	 of	 the	 possibility	 of



bleeding,	 it	 is	 imperative	 that	 any	 modifiable	 risk	 factors	 are	 eliminated	 or
reduced	 prior	 to	 initiation	 of	 warfarin	 therapy,	 appropriate	 monitoring	 of
anticoagulation	 is	 performed,	 and	 the	 benefit	 of	 anticoagulation	 outweighs	 the
risk	for	each	patient.2,4,6

Other	serious	adverse	effects	include	tissue	necrosis	early	in	warfarin	therapy
and	systemic	atheroemboli	or	cholesterol	micro-emboli	presenting	as	“purple	toe
syndrome.”	 Less	 serious	 reactions	 include	 vasculitis,	 elevations	 in	 liver
enzymes,	GI	complaints,	and	allergic	reactions,	which	may	be	related	to	the	dyes
used	in	the	tablets.2,8

DOSING	STRATEGIES

Initiation	 of	warfarin	 therapy	 can	 follow	 two	general	 approaches:	 the	 use	 of	 a
dose	considered	to	be	a	prediction	of	the	ultimate	maintenance	dose	or	use	of	a
higher	dose	initially	(often	given	the	inaccurate	moniker	of	“loading	dose”)	in	an
attempt	 to	 more	 rapidly	 identify	 the	 anticipated	 dose	 of	 warfarin	 to	 achieve
target	 INR.	 Estimations	 of	 eventual	 maintenance	 doses	 must	 account	 for	 vast
inter-	 and	 intrapatient	 variability	 discussed	 in	 the	 following	 section.	 It	 is	 also
possible,	 through	 the	 use	 of	 various	 nomograms,	 to	 quickly	 titrate	 a	 given
warfarin	dose	upward	to	the	necessary	maintenance	dose	based	on	the	early	INR
response.	 It	 is	 essential	 that	 qualified,	 experienced	 clinicians	 are	 available	 to
interpret	the	early	INR	response	appropriately	to	improve	patient	outcomes.9-11

Several	 nomograms	 for	 dosing	 warfarin	 in	 the	 initiation	 stages	 of	 therapy
have	been	developed.	In	1999,	a	comparison	of	5	mg	and	10	mg	initiation	doses
used	to	treat	inpatients	with	heterogeneous	indications	found	that	patients	in	the
5	mg	group	were	more	likely	to	achieve	stable	anticoagulation	within	days	3–5
than	those	receiving	the	10	mg	dose	(relative	risk,	2.22,	95%	confidence	interval
(CI)	 1.30–3.70	 [P	 <0.003]).	 Over-anticoagulation	 was	 less	 likely	 in	 the	 5	 mg
group,	although	this	difference	did	not	reach	statistical	significance.6	Conversely,
a	randomized	clinical	trial	in	2003	of	outpatients	with	venous	thromboembolism
and	a	mean	age	of	approximately	55	years	 found	 that	 those	 receiving	a	10	mg
initial	dose	reached	a	 therapeutic	INR	1.4	days	earlier	 than	those	receiving	a	5
mg	dose	(P	<0.001)	and	a	higher	percentage	of	patients	on	the	10	mg	dose	were
therapeutic	 by	 day	 5	 (83%	 vs	 46%,	 P	 <0.001).	 No	 differences	 in	 bleeding	 or
INRs	 greater	 than	 5	 were	 noted	 between	 the	 groups.12	 Therefore,	 the	 9th
Antithrombotic	 Therapy	 and	 Prevention	 of	 Thrombosis:	 American	 College	 of



Chest	 Physicians	 (ACCP)	 Evidence-Based	 Clinical	 Practice	 Guidelines
recommend	 the	 second	 approach	 with	 an	 initial	 dose	 of	 10	 mg	 daily	 for	 the
initial	2	days	for	otherwise	stable	outpatients	with	no	risk	factors	for	excessive
warfarin	 sensitivity,	 followed	 by	 dosing	 adjustments	 made	 based	 on	 INR
measurements.10	 Were	 hospitalized,	 elderly	 patients	 with	 comorbidities	 to
receive	 the	 same	 dosage,	 it	 may	 result	 in	 over-anticoagulation,	 so	 more
conservative	doses	may	be	warranted	in	such	cases.

DOSING	VARIABILITY

While	 warfarin	 therapy	 is	 individualized	 through	 monitoring	 of	 the	 INR
response	 to	specific	dosage	regimens	 in	each	patient,	 the	selection	of	an	 initial
dose,	as	a	prediction	of	the	resultant	maintenance	dose,	is	complicated	by	wide
intra-	and	interpatient	variability.	Up	to	10-fold	interpatient	variability	has	been
reported,5,13	 and	 many	 factors,	 both	 predictable	 and	 unpredictable,	 are
responsible	for	the	disparity	(Table	21-1).4,5

TABLE
21-1

Factors	That	Increase	or	Reduce	Warfarin	Dose
Requirements2,4,5,7,14





GENETICS
Because	 of	 significant	 genetic	 variability	 in	 CYP	 2C9	 enzymatic	 activity,
individuals	 with	 CYP	 2C9*2	 and	 CYP	 2C9*3	 variant	 alleles	 have	 reduced
enzymatic	clearance	of	S-warfarin.	Variability	in	VKORC1,	resulting	in	baseline
ineffective	 coagulation,	 exists	 as	 well.2	 The	 Food	 and	 Drug	 Administration
(FDA)	suggests	that	genetic	variations	can	be	considered	when	a	dosing	regimen
is	 selected,	 with	 expected	 maintenance	 doses	 based	 on	 genotype	 presentation
provided	 by	 Bristol-Myers	 Squibb,	 manufacturer	 of	 Coumadin®	 brand	 of
warfarin	 (Table	 21-2)2;	 however,	 the	 current	 ACCP	 guidelines	 do	 not
recommend	 genetic	 testing	 prior	 to	warfarin	 initiation.10	 Studies	 assessing	 the
application	 of	 pharmacogenetic	 data	 to	 the	 selection	 of	 a	 warfarin	 dose	 have
been	 conducted.	 The	 International	 Warfarin	 Pharmacogenetics	 Consortium13

conducted	 a	 validation	 cohort	 of	 1,009	 subjects	 and	 found	 that	 an	 algorithm
incorporating	 variations	 in	CYP	2C9	 and	VKORC1	was	 significantly	 better	 at
correctly	predicting	the	warfarin	dose	for	patients	requiring	≤21	mg	(low	dose)
or	≥49	mg	 (high	dose)	of	warfarin	per	week	 (49.3%	vs.	33.3%	and	24.8%	vs.
7.2%,	both	P	<0.001,	respectively)	as	compared	to	a	clinical	algorithm	without
genetic	 information.	 However,	 no	 significant	 benefit	 was	 seen	 for	 patients
requiring	intermediate	weekly	doses.	The	authors	propose	that	patients	requiring
low	 or	 high	 weekly	 doses	 of	 warfarin	 would	 benefit	 from	 such	 an	 algorithm
since	they	may	otherwise	be	over-	or	under-anticoagulated.	On	the	other	hand,	in
a	 prospective,	 observational	 study	 of	 214	 subjects,	 Li	 et	 al.5	 found	 that	 even
though	 accounting	 for	 genetic	 variations	 can	 assist	 with	 dose	 requirement
prediction,	in	most	cases	the	same	information	can	be	gleaned	from	close,	expert
monitoring	of	early	INR	response.	Furthermore,	not	all	variability	is	reflected	by
genetic	 testing	 and	 clinical	 evaluation	 of	 INR	 response	 would,	 therefore,	 be
required	in	any	case.

TABLE
21-2

Suggested	Maintenance	Warfarin	Daily	Doses	Based	on
Genotypes2



AGE
It	 is	 widely	 accepted	 that	 the	 elderly	 have	 increased	 sensitivity	 to	 warfarin,
requiring	 lower	weekly	doses	 than	younger	 individuals.14	 In	a	prospective	and
retrospective	 cohort	 including	 2,359	 subjects	 ≥80	 years	 of	 age,	Garcia	 et	 al.14
found	that	the	average	weekly	warfarin	dose	decreased	by	0.4	mg	per	year	(95%
confidence	interval	(CI),	3.8–5.3;	P	<0.001).	The	mechanism	for	this	effect	is	not
completely	clear	but	may	 involve	a	combination	of	hypoalbuminemia,	 reduced
vitamin	K	intake	or	GI	absorption,	and	drug	interactions	due	to	polypharmacy.14
Furthermore,	 the	 time	 to	 achieve	 an	 anticoagulation	 effect	 is	 delayed	 by
approximately	 24–36	 hours	 in	 the	 elderly.15	 The	 elderly	 are	 also	 more
susceptible	 to	 bleeding	 complications	 with	 warfarin	 use,	 and	 reversal	 of
anticoagulation	takes	longer	in	the	elderly	as	well.14

The	 standard	 nomograms	 often	 used	 for	 initiating	 warfarin	 therapy	 may
overestimate	the	dose	required	for	the	elderly,	placing	them	at	risk	for	bleeding
complications.	 Therefore,	 age-adjusted	 nomograms	 have	 been	 developed,
including	 one	 by	 Gedge	 et	 al.15	 In	 an	 age-stratified,	 randomized	 prospective
study	of	120	 individuals	over	 the	age	of	65,	 the	 investigators	 found	 that	while
their	age-adjusted,	low-dose	warfarin	induction	regimen	took	longer	to	achieve	a
therapeutic	INR	than	the	comparator	nomogram16	(patients	65–75	years	of	age:
4.6	±	1.6	days	vs.	3.8	±	0.8	days,	P	=	0.03;	patients	>75	years	of	age:	4.5	±	1.4
days	vs.	3.5	±	0.7	days,	P	=	0.03),	use	of	the	age-adjusted	regimen	resulted	in	a
slightly	 longer	 duration	 of	 time	 spent	 in	 the	 therapeutic	 range	 (patients	 65–75
years	of	age:	3.0	±	1.3	days	vs.	2.7	±	1.3	days,	P	=	0.03;	patients	>75	years	of
age:	2.9	±	1.1	days	vs.	2.4	±	1.3	days,	P	=	0.04)	and	significantly	 fewer	 INRs



>4.5	in	the	first	8	days.
Roberts	et	al.17	hypothesized	that	the	standard	5	mg	starting	doses,	considered

nonloading	initiation	doses	at	the	time	the	study	was	conducted,	may	overshoot
the	actual	maintenance	dose	requirement	of	elderly	patients.	They	found	that	73
patients	 (30	 of	 whom	 were	 >75	 years	 of	 age)	 dosed	 with	 an	 age-adjusted
nomogram	 were	 able	 to	 quickly	 achieve	 a	 stable	 therapeutic	 INR	 without
significant	 over-anticoagulation	 (INR	 >4.0).	A	 nonsignificant	 trend	 of	 patients
with	albumin	levels	<3	gm/dL	requiring	lower	doses	was	seen	as	well.

CLINICAL	CONDITIONS
The	 clinical	 status	 of	 any	 individual	 can	 also	 change	 depending	 on	 comorbid
conditions,	concomitant	medications,	alterations	in	dietary	vitamin	K	intake,	and
alcohol	use.	Hepatic	dysfunction	can	ultimately	result	 in	reduced	production	of
coagulation	factors,	causing	an	enhanced	response	to	warfarin	and	increased	risk
of	bleeding.4	A	similar	effect	is	seen	with	high	fevers	or	hyperthyroidism,	both
hypermetabolic	 states	 that	 enhance	 degradation	 of	 coagulation	 factors.4	 The
metabolism	 of	 coagulation	 factors	 can	 be	 reduced	 in	 the	 hypothyroid	 state,
requiring	increased	doses.	This	effect	can	disappear	once	the	hypothyroidism	is
corrected	and	a	euthyroid	state	is	achieved.18

Inconsistent	 vitamin	 K	 intake	 can	 affect	 warfarin’s	 therapeutic	 effect.
Excessive	 intake	 can	 counteract	 the	 desired	 effect	 of	warfarin	 because	 dietary
vitamin	K	can	bypass	VKORC1	through	a	warfarin-insensitive	pathway.	A	diet
deficient	 in	vitamin	K,	which	can	 result	 from	decreased	overall	 intake	as	 seen
with	sick	patients	given	antibiotics	that	deplete	vitamin	K-producing	bacteria	in
the	GI	tract,	fat	malabsorption,	or	intravenous	diets	lacking	adequate	vitamin	K
supplementation,	 can	 be	 associated	 with	 increased	 sensitivity	 to	 warfarin’s
effects.4	Because	 the	 INR	 represents	 the	 therapeutic	 effect	 of	 a	 given	warfarin
dosage	regimen	in	a	specific	patient,	and	dosage	adjustments	are	made	to	titrate
warfarin	to	the	desired	INR,	the	actual	quantity	of	vitamin	K	consumed,	whether
it	is	low,	moderate,	or	high,	is	not	relevant	as	long	as	the	intake	remains	stable.
With	 consistency	 comes	 a	 more	 predictable	 warfarin	 dose-INR	 response;
therefore,	 large	 variations	 in	 the	 amount	 of	 vitamin	 K	 ingested	 should	 be
avoided.

DRUG	INTERACTIONS

Alterations	in	response	to	warfarin	may	result	from	interactions	with	numerous



medications.	 Several	 distinct	 and	 overlapping	mechanisms	 are	 responsible	 for
these	 interactions	 as	 well	 as	 the	 inability	 to	 predict	 the	 outcome	 of	 the
interactions	 precisely	 in	 many	 cases.7	 Medications	 can	 affect	 the	 metabolic
clearance	of	warfarin	by	affecting	CYP	2C9,	2C19,	1A2,	and/or	3A4.	Inhibition
of	CYP	2C9	is	most	significant	as	it	affects	the	more	potent	S-warfarin.

Interactions	involving	the	GI	tract	can	occur	as	well.	Some	medications	may
bind	 to	 warfarin	 in	 the	 GI	 tract,	 preventing	 or	 reducing	 its	 absorption	 and
resultant	 efficacy.	 Broad-spectrum	 antibiotics,	 especially	 if	 used	 for	 a	 long
duration,	can	 impair	endogenous	vitamin	K	synthesis	 through	disruption	of	 the
normal	flora	of	the	GI	tract,	potentiating	the	effect	of	warfarin.7

Pharmacodynamic	 interactions	 can	 result	 from	 coadministration	 of	warfarin
with	agents	that	also	impair	hemostasis	(antiplatelet	or	anticoagulant	agents)	or
increase	hemorrhagic	potential	(gastric	irritants).	The	cumulative	consequence	of
these	additive	effects	is	an	increased	bleeding	risk.7

Finally,	 because	warfarin	 is	 highly	 protein-bound,	 displacement	 interactions
can	enhance	warfarin’s	effects	until	equilibrium	with	serum	concentrations	can
be	reestablished.4,7

Given	 the	 known	 pharmacokinetic	 and	 pharmacodynamic	 mechanisms	 by
which	 warfarin	 may	 interact	 with	 other	 agents,	 it	 is	 possible	 to	 anticipate
potential	 drug-drug	 interactions	 (Table	 21-3).	 Among	 the	 numerous	 published
reports	 of	 interactions	 with	 warfarin,	 most	 are	 single	 case	 reports	 with
confounding	 factors.	 Holbrook	 et	 al.	 performed	 an	 exhaustive	 review	 of	 the
available	evidence	and	summarized	the	likelihood	of	interactions	occurring	with
select	 agents,	 but	 noted	 that	 lack	 of	 published	 data	 did	 not	 preclude	 the
possibility	 of	 an	 interaction,	 especially	 in	 instances	 of	 theoretical	mechanisms
for	interaction.7

TABLE
21-3 Select	Drug	Interactions	with	Warfarin7,19-21





a↑,	Increased;	↓,	Decreased;	0,	No	effect
bEstimation	based	on	systematic	evaluation	of	published	reports	by	Holbrook	and	colleagues7

c+++,	Highly	probable;	++,	Probable;	+,	Possible7

Even	though	in	theory	it	is	best	to	avoid	possible	interactions,	especially	those
considered	major	and	highly	probable,	a	risk	versus	benefit	assessment	in	some
situations	 may	 favor	 the	 use	 of	 potentially	 interacting	 medications.	 For
interactions	that	may	alter	warfarin	level	and	the	INR,	the	INR	test	serves	as	a
useful	 tool	 to	measure	 the	magnitude	 of	 the	 interaction	 so	 that	 in	most	 cases,
interactions	are	manageable	with	more	frequent	measurement	of	the	INR,	close
monitoring	 for	 signs	and	 symptoms	of	bleeding,	 and	 the	 reestablishment	of	 an
appropriate	 warfarin	 maintenance	 dose	 accounting	 for	 the	 interacting
medication.7

MONITORING

Warfarin	prolongs	the	PT,	which	reflects	the	extent	of	the	inhibition	of	factors	II,
VII,	 and	 X.	 The	 test	 relies	 on	 the	 addition	 of	 calcium	 and	 thromboplastin	 to
citrated	plasma.	However,	due	 to	variability	 in	 the	potency	of	different	batches
of	thromboplastin,	the	INR,	a	means	of	standardizing	the	PT	values,	is	now	used
in	lieu	of	PT.	The	INR	calculation	converts	the	ratio	of	a	patient’s	PT	to	that	of
the	 mean	 normal	 PT	 accounting	 for	 the	 responsiveness	 of	 the	 specific
thromboplastin	used	in	the	laboratory	conducting	the	assay	of	the	VKA	effect	on
coagulation	 factors.	 This	 responsiveness	 is	 the	 International	 Sensitivity	 Index
(ISI)	and	the	formula	used	is	as	follows4:

INR	=	(patient	PT/mean	normal	PT)ISI

The	ACCP	 guidelines	 recommend	 an	 INR	 between	 2.0	 and	 3.0	 for	 venous
thromboembolic	and	atrial	 fibrillation	 indications	and	an	 INR	between	2.5	and
3.5	 for	mitral	 valve	 replacement.	 Because	 the	 target	 range	 is	 the	 condition	 at
which	optimization	of	desired	efficacy	converges	with	acceptable	 toxicity	 risk,
the	time	in	target	range	(TTR)	should	be	maximized.10

Historically,	 even	 though	 inpatients	 are	 generally	 monitored	 daily,	 for
outpatient	therapy,	the	INR	is	monitored	once	or	twice	weekly	until	the	warfarin
dose	 is	 determined	 and	 INR	 stability	 is	 achieved.	 This	monitoring	 regimen	 is
followed	 by	 testing	 every	 4	weeks.	 The	 current	ACCP	 guidelines	 recommend



monitoring	the	INR	at	intervals	of	up	to	12	weeks	for	patients	with	consistently
stable	 INRs.10,11	 This	 recommendation	 is	 partially	 based	 on	 a	 randomized,
noninferiority	trial	of	250	patients	at	a	stable	warfarin	dose	for	6	months.22	The
authors	 found	no	 significant	difference	 in	TTR	between	 the	4-week	group	and
the	 12-week	 group	 (74.1%	 ±	 18.8%	 vs.	 71.6%	 ±	 20.0%;	 noninferiority	 P	 =
0.020).	 Significantly	 fewer	 dosage	 adjustments	were	 necessary	 in	 the	 12-week
group	 and	 no	 significant	 differences	 in	 bleeding	 or	 thromboembolic
complications.	 One	 caveat	 to	 this	 recommendation	 is	 that	 contact	 with
anticoagulation	 staff	 was	 maintained	 at	 4-week	 intervals,	 even	 for	 those	 with
INR	monitoring	every	12	weeks.

A	study	conducted	by	Witt	et	al.23	describes	clinical	factors	 that	can	predict
which	 patients	 may	 be	 more	 likely	 to	 have	 highly	 stable	 INRs	 and	 may	 be
monitored	on	a	 less	frequent	basis.	These	factors	 included	age	over	70	and	the
absence	of	diabetes	mellitus,	heart	failure,	or	concomitant	estrogen	therapy.

Should	 single	outlying	 INRs	occur	during	 routine	monitoring,	 a	 repeat	 INR
should	be	conducted	within	1	to	2	weeks	to	confirm	whether	dosage	adjustments
are	clinically	necessary.10

BRAND	VERSUS	GENERIC	FORMULATIONS
Warfarin	is	a	medication	with	a	narrow	therapeutic	range,	with	the	possibility	of
slight	 increases	 or	 decreases	 in	 therapeutic	 effect	 resulting	 in	 over-
anticoagulation	 and	 bleeding	 or	 under-anticoagulation	 and	 thrombotic
complications.	Warfarin	also	requires	individualized,	careful	titration	of	the	dose
to	 patient-specific	 therapeutic	 INR.	 Because	 of	 the	 serious	 consequences	 of
slight	 variations	 in	 bioavailability	 for	 such	 medications,	 concern	 over	 the
bioequivalence	 of	 different	 formulations	 of	warfarin,	 including	 the	 differences
between	 brand	 name	 and	 generic	 products,	 has	 arisen.	 A	 recent	 systematic
review	of	relevant	literature	was	conducted	by	Dentali	and	colleagues24	to	assess
whether	significant	consequences	occur	following	switches	between	brand-name
and	generic	warfarin.	They	 found	 that	 overall,	 generic	 products	 that	met	FDA
requirements	 for	 bioequivalence	 had	 no	 clinically	 significant	 differences	 in
safety	or	efficacy	when	compared	with	brand-name	products;	INR	results	as	well
as	 thromboembolic	 and	 bleeding	 outcomes	 were	 evaluated.	 The	 authors
recommended	 close	 monitoring	 should	 switches	 between	 products	 occur	 and
switches	should	be	infrequent	so	additional	monitoring	should	not	be	necessary
if	 patients	 remain	 at	 a	 stable	 warfarin	 dose.	 Available	 dose	 strengths	 are
consistent	between	brand-name	and	generic	manufacturers,	as	are	 the	colors	of



the	tablets	(Table	21-4).

TABLE
21-4 Warfarin	Dosage	Strengths	and	Colors2

REVERSAL	OF	ANTICOAGULATION

EMERGENT	REVERSAL	FOR	BLEEDING	OR	INCREASED
BLEEDING	RISK
As	previously	mentioned,	the	major	complication	of	warfarin	therapy	is	bleeding
and	administration	of	vitamin	K	can	counteract	the	effects	of	warfarin	and	can,
therefore,	be	used	as	an	antidote.	A	major	bleeding	event	in	a	patient	receiving



warfarin	is	a	medical	emergency	and	supratherapeutic	INRs	are	associated	with
an	increased	risk	for	bleeding.

The	 urgency	 of	 warfarin	 reversal	 depends	 on	 various	 clinical	 factors,
particularly	 the	 occurrence	 of	 active	 bleeding.	 Therefore,	 the	 ACCP
recommendations	 for	 elevated	 INRs	 are	 stratified	 based	 on	 the	 degree	 of	 INR
elevation	 and	 presence	 or	 absence	 of	 major	 bleeding.	 A	 study	 conducted	 by
Crowther	et	al.25	illustrated	that	no	clinical	benefit,	measured	by	a	difference	in
the	 frequency	 of	 bleeding,	 thromboembolism,	 or	 death,	 was	 seen	 when	 the
outcomes	of	those	with	elevated	INRs	but	no	active	bleeding	who	received	low-
dose	vitamin	K	were	compared	to	those	who	received	placebo.	Because	of	this
and	other	similar	studies,	the	ACCP	guidelines	currently	suggest	that	no	vitamin
K	 be	 administered	 for	 INRs	 between	 4.5	 and	 10.0	 with	 no	 evidence	 of
bleeding.10	For	those	on	warfarin	with	INRs	>10.0	and	no	evidence	of	bleeding,
a	 low	dose	of	2.5	mg	of	oral	vitamin	K	is	suggested	because	of	 the	significant
hemorrhagic	risk.10

For	 those	 experiencing	 VKA-associated	 major	 bleeding,	 previous	 ACCP
recommendations	 included	 the	 administration	 of	 fresh	 frozen	 plasma	 (FFP),
which	 is	 effective	 if	 dosed	 appropriately	 but	 incurs	 several	 significant
complications	 and	 barriers	 to	 use.	 The	 current	 recommendations	 favor	 the
administration	 of	 4-factor	 prothrombin	 complex	 concentrate	 (PCC)	 along	with
5–10	mg	of	vitamin	K	administered	as	a	slow	intravenous	injection	over	FFP.10
Routine	supportive	care	should	be	administered	as	well.

The	time	necessary	for	supratherapeutic	INRs	to	decline	to	a	value	within	the
therapeutic	 range	 is	 dependent	 on	 several	 clinical	 factors.	 The	 risk	 factors	 for
persistent	INR	elevation	were	evaluated	in	a	retrospective	cohort	study	by	Hylek
et	 al.26	 that	 reviewed	 follow-up	 INRs	 drawn	 2	 days	 after	 an	 INR	 >6.0	 was
recorded.	The	study	demonstrated	that	the	risk	of	the	subsequent	INR	remaining
>4.0	was	increased	in	patients	of	greater	age	(odds	ratio	[OR]	per	decade	of	life,
1.18	 [95%	CI,	 1.01–1.38]),	with	 higher	 index	 INR	 value	 (odds	 ratio	 per	 unit,
1.25	 [95%	CI,	 1.14–1.37]),	 in	 patients	with	 decompensated	 heart	 failure	 (OR,
2.79	[95%	CI,	1.30–5.98]),	and	with	a	concomitant	active	cancer	diagnosis	(OR,
2.48	 [95%	 CI,	 1.11–5.57]).	 The	 same	 risk	 was	 decreased	 in	 patients	 who
required	 larger	weekly	warfarin	 doses	 (adjusted	OR	 per	 10	mg	warfarin,	 0.87
[95%	CI,	0.79–0.97]),	indicating	they	are	less	sensitive	to	warfarin’s	effects.

BRIDGING	THERAPY	IN	THE	PERIOPERATIVE	PERIOD
When	patients	receiving	warfarin	therapy	are	scheduled	for	surgical	procedures



that	entail	a	significant	risk	of	bleeding,	it	is	recommended	that	the	warfarin	be
discontinued	 5	 days	 prior	 to	 surgery	 and	 restarted	 12–24	 hours	 after	 surgery,
once	hemostasis	is	achieved.27	This	process	allows	for	the	effects	of	warfarin	to
be	minimized	while	the	surgical	bleeding	risk	is	greatest.	In	cases	where	patients
are	 at	 a	 high	 thrombotic	 risk,	 including	 some	 patients	 with	 mitral	 valve
replacement,	 atrial	 fibrillation,	 and	 venous	 thromboembolism,	 and	 the	 lack	 of
anticoagulation	 during	 the	 pre-	 and	 postprocedure	 period	 entails	 a	 substantial
risk	 of	 clot	 development,	 bridging	 with	 another	 anticoagulant	 that	 is	 shorter
acting	and	more	rapidly	effective	upon	reinstitution	of	antithrombotic	therapy	is
recommended.	 The	 shorter-acting	 agent	 is	 then	 stopped	 closer	 to	 the	 actual
procedure	 time	 and	 can	 be	 restarted	 after	 hemostasis	 is	 achieved	 and	 until
warfarin’s	full	antithrombotic	effects	are	reestablished.27

For	 minor	 dental	 procedures,	 2–3	 days	 cessation	 of	 warfarin	 therapy	 is
sufficient,	and	for	minor	dermatological	and	cataract	surgeries,	warfarin	therapy
can	continue	unchanged.27

CASE	STUDIES

CASE	1:	INITIATION	IN	INPATIENT	SETTING
TE	 is	 a	 60-year-old	 male	 who	 presents	 to	 the	 emergency	 department
complaining	 of	 swelling	 and	 pain	 in	 his	 left	 leg	 for	 one	 week,	 with	 onset	 of
shortness	of	breath	and	sharp	chest	pain	last	night.	Computed	tomography	(CT)
studies	 confirm	 acute	 pulmonary	 embolism	 (PE)	 and	 proximal	 deep	 vein
thrombosis	(DVT).	His	past	medical	history	is	significant	only	for	hypertension
and	dyslipidemia	(for	which	he	takes	lisinopril,	chlorthalidone,	and	simvastatin).
Chemistry,	metabolic	 panel,	 and	 blood	 counts	 are	within	 normal	 limits.	 He	 is
hypotensive	so	the	decision	is	made	to	admit	TE	to	a	medical	floor.	For	the	acute
venous	 thromboembolism	 (VTE),	 he	 is	 started	 on	 warfarin	 and	 enoxaparin	 to
overlap	at	least	5	days.

Height	=	6′0″
Weight	=	120	kg

QUESTION



What	dose	of	warfarin	should	be	initiated?

Answer:
Day	1
Urgency	 to	 establish	 effective	 anticoagulation	 depends	 on	 the	 condition	 being
treated.	 For	 a	 current	 acute	 thrombosis	 such	 as	 VTE	 or	 left	 ventricular
thrombosis	 after	myocardial	 infarction,	prompt	 anticoagulation	 is	desired.	This
situation	 is	 in	 contrast	 to	 indications	 such	 as	 atrial	 fibrillation,	where	 absolute
thrombotic	risk	may	be	low	enough	that	warfarin	can	be	titrated	to	its	target	dose
over	the	course	of	a	few	weeks.

For	treatment	of	acute	VTE,	the	initial	anticoagulation	effect	is	provided	by	a
heparin	agent,	such	as	full-dose	unfractionated	heparin	(UFH)	or	low	molecular
weight	 heparin	 (LMWH),	 and	 is	 typically	 referred	 to	 as	 “bridge”	 therapy.
Heparin	is	used	because	warfarin	does	not	demonstrate	effective	antithrombotic
activity	until	at	least	two	half-lives	of	thrombin	have	elapsed,	an	estimated	5–6
days	after	initiation.	This	delay	in	onset	of	antithrombotic	action	requires	overlap
with	a	parenteral	heparin	agent	 to	be	at	 least	5	days,	 regardless	of	whether	 the
INR	exceeds	2.0	earlier	on.	Because	the	goal	is	to	transition	to	warfarin	alone	as
soon	as	possible,	high-dose	initiation	of	warfarin	is	preferred	over	predicting	the
maintenance	 dose	 to	 allow	 faster	 achievement	 of	 a	 target	 INR	 after	 5	 days	 of
therapy.

High	 dose	 initiation	 is	 safest	 in	 the	 setting	 of	 heparin	 overlap.	 Warfarin
interferes	with	the	carboxylation	of	anticoagulant	proteins	C	and	S,	which	have
relatively	 short	half-lives	 (8	hours	and	30	hours,	 respectively).	Hence,	prior	 to
achieving	 full	 antithrombotic	 effect,	warfarin	 has	 the	potential	 to	 aggravate	 an
acute	 thrombotic	 event	 or	 increase	 thrombotic	 risk.	 This	 occurrence	 is	 more
likely	 if	 a	warfarin	dose	much	higher	 than	 required	 is	 given	 in	 the	 absence	of
effective	anticoagulation	provided	by	bridge	therapy	with	heparin.

High-dose	initiation	should	also	be	done	only	when	close	INR	monitoring	is
possible	and	the	patient	does	not	have	a	high	intrinsic	risk	of	bleeding.	TE	is	at
low	risk	of	bleeding	because	he	is	not	elderly	and	has	few	comorbid	conditions,
no	potential	drug-drug	 interactions,	no	evidence	of	malnutrition,	nor	history	of
prior	 bleed.	 Therefore,	 in	 a	 hospital	 setting	 with	 LMWH	 bridge	 therapy	 and
frequent	INR	monitoring,	it	is	reasonable	to	initiate	warfarin	at	7.5–10	mg	once
daily,	with	INRs	evaluated	daily	to	adjust	the	dose.

Days	2–5



It	 is	 vital	 that	 INRs	 are	 evaluated	 properly	 in	 the	 first	 few	 days	 of	 therapy.
Excess	titration	may	result	in	supratherapeutic	INRs	and	possible	bleeding,	a	real
risk	as	 the	 incidence	of	bleeding	with	warfarin	 is	doubled	during	 the	 initial	90
days	 of	 therapy,	 as	 compared	 to	 therapy	 beyond	 that	 period.28	 The	 full
antithrombotic	effect	of	a	specific	warfarin	dose	may	require	at	least	7–14	days
to	achieve,	so	an	 individual’s	appropriate	maintenance	warfarin	dose	ordinarily
will	not	achieve	an	INR	>2.0	within	the	first	5	days	of	therapy.	For	the	purpose
of	 establishing	 effective	 anticoagulation	 as	 soon	as	possible	 and	 reducing	 time
on	overlapping	heparin	therapy,	especially	for	such	acute	thrombotic	events,	it	is
reasonable	 to	 aim	 to	 achieve	 two	 INRs	>2.0	within	 the	 first	 5	days	of	 therapy
with	the	understanding	that	the	dose	needs	to	be	reduced	afterwards.	INRs	must
be	reviewed	daily	and	the	dose	adjusted	based	on	response.

Although	tremendous	variability	can	occur	in	INR	response,	Tables	21-5	thru
21-8	present	 theoretical	scenarios	 for	 interpretation	of	daily	 INR	results	during
the	 first	 5	 days	 of	 warfarin	 therapy,	 depending	 on	 what	 TE’s	 maintenance
warfarin	dose	is.

TABLE
21-5

Theoretical	INR	Increase	If	T.E.	Requires	2.5	mg	Daily	as
Maintenance	Dose



TABLE
21-6

Theoretical	INR	Increase	If	T.E.	Requires	5	mg	Daily	as
Maintenance	Dose



TABLE
21-7

Theoretical	INR	Increase	If	T.E.	Requires	10	mg	Daily	as
Maintenance	Dose



TABLE
21-8

Theoretical	INR	Increase	If	T.E.	Requires	15	mg	Daily	as
Maintenance	Dose

CASE	2:	INITIATION	IN	OUTPATIENT	SETTING—HIGH—
DOSE	MODEL
Day	1
HD	is	a	55-year-old	male	who	presents	to	the	emergency	department	with	a	3-
day	history	of	mild	 swelling	and	pain	 in	his	 lower	 right	 calf,	 a	 few	days	after
returning	 from	 a	 long	 cross-country	 driving	 trip.	 A	 venous	 Doppler	 confirms
acute	 distal	 deep	 vein	 thrombosis	 (DVT)	 in	 his	 right	 leg.	 His	 past	 medical
history	 is	significant	 for	hypertension,	 type	2	diabetes,	and	GERD.	His	current
medications	are	famotidine	20	mg	daily,	fosinopril	20	mg	daily,	metformin	1,000
mg	 twice	 daily,	 sitagliptin	 100	mg	 daily,	 and	 loratadine	 10	mg	 as	 needed	 for
allergies.	Chemistry,	metabolic	panel,	and	blood	counts	are	within	normal	limits.
His	baseline	INR	is	0.9.

Height	=	5′10″
Weight	=	100	kg

The	 team	 and	 HD	 collaboratively	 select	 outpatient	 treatment	 since	 he	 is
medically	stable.	To	prevent	clot	extension	or	recurrence,	the	plan	is	to	discharge



HD	home	 on	warfarin	 and	 enoxaparin	 to	 overlap	 at	 least	 5	 days	 and	 until	 the
INR	is	≥2.0.	An	outpatient	appointment	with	an	anticoagulation	clinic	service	is
set	up	in	3	days	to	adjust	his	warfarin	dose.

QUESTION

What	dose	of	warfarin	should	be	initiated?

Answer:
For	acute	VTE,	whether	 in	 the	 inpatient	or	outpatient	setting,	 the	urgency	is	 to
establish	 effective	 anticoagulation	 with	 warfarin.	 High-dose	 initiation	 of
warfarin	allows	faster	identification	of	a	patient’s	maintenance	dose,	but	its	use
in	 the	 outpatient	 setting	 depends	 on	 the	 frequency	 at	 which	 the	 INR	may	 be
monitored,	 which	 can	 vary	 by	 health	 care	 institution.	 Because	 HD	 can	 be
evaluated	 in	3	days,	high-dose	 initiation	 is	 feasible.	He	is	 relatively	young	and
medically	stable,	with	few	characteristics	that	suggest	a	lower	dose	requirement
(e.g.,	 lacking	 drug-drug	 interactions,	 no	 noted	 drug-disease	 interactions,	 not
malnourished),	and	has	a	low	overall	bleed	risk.

HD	may	be	 initiated	on	warfarin	10	mg	 for	2	days,	with	 INR	follow-up	on
day	3	or	4	to	evaluate	initial	INR	response.	He	should	be	initiated	on	enoxaparin
100	 mg	 subcutaneously	 every	 12	 hours	 at	 the	 same	 time,	 to	 continue	 for	 a
minimum	of	5	days	 and	until	 the	 INR	 is	≥2.	 It	 is	 strongly	preferred	 for	 initial
INR	 follow-up	 to	 be	 within	 this	 time	 frame	 for	 acute	 VTE	 treated	 in	 the
outpatient	setting.

If	initial	follow-up	could	not	be	sooner	than	one	week	from	discharge,	it	may
be	prudent	to	initiate	HD	on	lower	doses	(e.g.,	warfarin	5	mg)	to	reduce	the	risk
of	excess	anticoagulation	should	he	be	 relatively	warfarin-sensitive.	The	 trade-
off	 of	 less	 frequent	 initial	 INR	 monitoring	 is	 a	 potentially	 longer	 time	 to
establish	 effective	 anticoagulation,	 potentially	 higher	 risk	 of	 bleed	 if	 the
prescribed	dose	 is	excessive,	and	 longer	 time	on	enoxaparin	bridge	 therapy.	 In
general,	higher-dose	initiation	or	larger-dose	changes	are	best	coupled	with	close
follow-up	(e.g.,	INR	follow-up	daily	if	inpatient	or	every	3–4	days	if	outpatient).

Day	3
HD	 presents	 to	 the	 outpatient	 anticoagulation	 clinic	 service	 after	 taking
warfarin	10	mg	and	enoxaparin	for	2	consecutive	days	for	his	initial	evaluation



and	dose	titration.	His	INR	on	day	3	is	1.0.

QUESTION

How	should	his	warfarin	dose	and	enoxaparin	therapy	be	adjusted?

Answer:
The	dual	goals	for	HD	are	to	achieve	effective	anticoagulation	promptly	as	well
as	 to	 identify	 his	maintenance	warfarin	 dose.	To	 achieve	 the	 former,	 the	high-
dose	 initiation	model	was	 utilized	 to	 speed	 dose	 identification.	To	 achieve	 the
latter,	it	is	important	to	consider	the	INR	in	the	context	of	when	it	is	expected	to
reflect	the	full	effect	of	a	given	maintenance	dose.	For	example,	if	five	half-lives
of	 thrombin	 are	 to	 elapse	 before	 achieving	 full	 antithrombotic	 effect,	 that	 is
effectively	 12.5–15	 days	 at	 a	 given	 dose.	 Hence,	 if	 10	 mg	 daily	 is	 HD’s
maintenance	 dose,	 the	 INR	may	 not	 necessarily	 have	 risen	 far	 above	 baseline
after	only	two	doses.

The	 purpose	 of	 checking	 the	 INR	 at	 day	 3	 is	 to	 ensure	 that	HD	 is	 not	 overly
sensitive	to	the	10	mg	dose.	To	speed	dose	identification,	it	is	also	reasonable	to
have	HD	either	continue	warfarin	10	mg,	or	to	consider	increasing	to	15	mg	for
the	following	2–3	doses.	This	decision	requires	reevaluation	of	the	INR	by	day	5
or	6.	HD	must	continue	enoxaparin	overlap	therapy	at	this	time.

Day	6
HD	presents	for	his	follow-up	INR,	after	taking	warfarin	15	mg	and	enoxaparin
for	the	past	3	days.	His	INR	on	day	6	is	1.8.

QUESTION

How	should	his	warfarin	dose	and	enoxaparin	therapy	be	adjusted?

Answer:
HD	is	close	 to	his	 target	INR	of	2.0–3.0	after	 taking	an	average	daily	warfarin
dose	 for	 the	 past	 5	 days	 of	 13	 mg	 daily.	 Given	 the	 rapid	 rise	 in	 INR	 after
increasing	to	the	15	mg	daily	dose	in	the	last	 three	days,	HD	probably	needs	a



lower	maintenance	dose,	although	10	mg	is	likely	too	low.
For	a	patient	with	VTE	and	a	relatively	low	risk	of	bleed,	it	is	reasonable	to

ensure	the	INR	is	in	the	middle	to	upper	end	of	the	target	range,	especially	close
to	the	acute	event.	Therefore,	warfarin	15	mg	daily	may	be	continued	for	another
2	days.	Alternatively,	especially	if	the	INR	could	not	be	evaluated	within	2	days,
the	 warfarin	 dose	 could	 be	 lowered	 to	 12.5–13	 mg	 daily	 for	 2–4	 days.
Enoxaparin	overlap	therapy	should	be	continued.

It	 is	 likely	 that	by	 the	next	 INR	evaluation,	HD’s	approximate	maintenance
warfarin	 dose	 will	 be	 identified,	 and	 overlap	 enoxaparin	 dose	 may	 be
discontinued	 if	 the	 INR	will	 remain	>2.0.	Close	 follow-up	of	 the	 INR	at	 least
weekly	for	another	2	weeks	will	enable	the	maintenance	dose	to	be	fine-tuned.

CASE	3:	INITIATION	IN	OUTPATIENT	SETTING—
MAINTENANCE	DOSE	ESTIMATION
AF	 is	 a	 73-year-old	 female	 who	 presents	 to	 her	 usual	 primary	 care	 provider
appointment	 reporting	 recent	occasional	palpitations.	An	ECG	reveals	 chronic
atrial	 fibrillation	 with	 heart	 rate	 of	 85.	 Her	 medical	 history	 includes
hypertension,	 chronic	 obstructive	 pulmonary	 disease,	 dyslipidemia,	 glaucoma,
NYHA	Class	II	heart	failure.	She	quit	tobacco	use	over	20	years	ago	and	rarely
consumes	alcohol.	Her	current	medications	are	amlodipine	10	mg/benazepril	40
mg	daily,	atorvastatin	20	mg	daily,	carvedilol	6.25	mg	BID,	 furosemide	40	mg
once	daily	as	needed	for	edema,	Cosopt,	fluticasone	HFA	once	daily.

Height	=	5′4″
Weight	=	65	kg

To	prevent	 cerebrovascular	 accident	 (CVA)	and	 systemic	embolism,	AF’s	PCP
decides	to	initiate	warfarin	therapy.

QUESTION
What	dose	of	warfarin	should	be	 initiated?	How	frequent	should	her	 follow-up
be?

Answer:
In	the	setting	of	CVA	prevention	secondary	to	chronic	atrial	fibrillation,	the	time
frame	to	establish	effective	anticoagulation	is	generally	less	urgent.	Although	it



depends	on	the	individual	level	of	risk	for	CVA,	overlap	with	heparin	is	usually
not	needed.	Selecting	a	starting	dose	of	warfarin	based	on	the	patient’s	estimated
maintenance	 dose	 is	 appropriate.	 If	 INRs	 cannot	 be	 closely	 monitored	 (e.g.,
every	3	days),	initiating	at	a	more	conservative	dose	may	be	prudent.

AF	 is	 relatively	 elderly,	 has	 mild-to-moderate	 heart	 failure,	 and	 takes
atorvastatin,	 all	 characteristics	 that	 suggest	 a	 lower	 maintenance	 dose.	 If	 the
expectation	is	to	evaluate	an	INR	one	week	after	therapy	initiation,	AF	may	be
started	on	2–2.5	mg	daily	of	warfarin,	with	further	dose	adjustments	made	based
on	 INR	 results	 in	one	week’s	 time.	This	 approach	 reduces	 the	burden	of	more
frequent	 INR	monitoring,	 with	 the	 trade-off	 of	 potentially	 extending	 the	 time
required	to	establish	the	maintenance	warfarin	dose.

CASE	4:	MAINTENANCE	DOSE	ADJUSTMENT
A	Single	Out-of-Range	INR	in	an	Otherwise	Stable	Patient
AF	has	been	stabilized	on	warfarin	5	mg	daily	for	chronic	atrial	fibrillation	for
the	 past	 5	months,	with	 INR	monitoring	 every	 4	weeks.	Her	 last	 3	 INRs	 have
been	in	her	target	2.0–3.0	range	(2.31,	2.84,	2.67).	Today,	she	reports	for	routine
INR	 monitoring	 and	 the	 result	 is	 1.72.	 On	 questioning,	 she	 claims	 no	 recent
change	 in	medications,	 vitamin	K-rich	 food	 intake,	 or	medical	 conditions.	 She
does	not	recall	any	recent	missed	doses	of	warfarin.

QUESTION
How	should	AF’s	warfarin	dose	be	adjusted?

Answer:
One	of	the	pitfalls	of	warfarin	dosing	inexperience	is	the	tendency	to	react	to	any
out-of-range	INR	by	changing	the	dose.	The	result	is	needless	dose	changes	that
reduce	 time	 in	 therapeutic	 range	and	potentially	 compromising	anticoagulation
efficacy	and/or	safety.	An	out-of-range	INR	should	always	 trigger	 the	clinician
to	 (1)	 carefully	 rule	 out	 any	 recent	 changes	 and	 factors	 that	 could	 impact
warfarin,	 including	 and	 especially	 medication	 adherence,	 and	 (2)	 review	 the
patient’s	recent	INR	and	warfarin	dosing	history	for	trends.

A	 single	 out-of-range	 INR,	 particularly	 if	 close	 to	 the	 target	 range	 (<0.5
above	 or	 below),	 does	 not	 always	warrant	 a	warfarin	 dose	 change.	AF	 has	 an



established	 recent	 record	 of	 INR	 stability	 on	 the	 same	 warfarin	 dose	 and	 no
readily	 identifiable	 changes	 that	 may	 interact	 with	 warfarin.	 In	 this	 case,	 she
should	 continue	 to	 take	warfarin	 5	mg	daily	 but	 her	 follow-up	 time	 should	be
shortened	 to	 1–2	 weeks	 to	 verify	 whether	 she	 is	 experiencing	 a	 true	 trend
requiring	a	dose	change.

Two	or	Three	Consecutive	Out-of-Range	INRs,	Consistently	High	or	Low
At	her	next	follow-up,	AF’s	INR	is	1.86,	and	her	warfarin	dose	was	maintained
at	5	mg	daily.	At	 today’s	 follow-up,	her	 INR	 is	1.64,	and	 she	again	 reports	no
relevant	changes	to	warfarin	dosing,	medications,	diet,	and	medical	conditions.

QUESTION

How	should	AF’s	warfarin	dose	be	adjusted?

Answer:
When	two	or	three	consecutive	INRs	consistently	fall	out-of-range	at	the	upper
or	lower	end	of	the	target	INR	range,	a	dose	change	is	usually	appropriate.	The
target	INR	is	typically	the	center	of	the	range,	so	that	even	with	mild	fluctuations
in	INRs,	the	patient	will	remain	in	the	target	range	most	of	the	time.	For	AF,	an
INR	 of	 2.5	 should	 be	 targeted,	 especially	 given	 her	 high	 CVA	 risk	 based	 on
CHADS2	 risk	 score.29	 Her	 recent	 INRs	 (1.72,	 1.96,	 and	 1.84)	 support	 an
increase	in	her	warfarin	dose.

For	 INRs	 that	 are	within	 0.5–1.0	 from	 the	 target	 result	 of	 2.5,	 the	warfarin
dose	may	be	 increased	between	7–14	percent	of	 the	 total	weekly	dose	 (Figure
21-2).



FIGURE	21-2.	Adjusting	warfarin	maintenance	dose	for	a	low	INR.

To	 evaluate	 the	 effect	 of	 a	 dose	 change,	 AF’s	 INR	 should	 be	 rechecked
sooner.	 With	 multiple	 INRs	 supporting	 the	 need	 for	 a	 dose	 increase,	 and	 a
relatively	 small	 dose	 increase	 being	made,	 the	 INR	 could	 be	 evaluated	 in	 two
weeks	to	increase	the	likelihood	of	assessing	the	new	dose’s	full	effect.	An	INR
checked	after	one	week	may	be	premature,	but	is	reasonable	based	on	suspicion
of	 patient	 unreliability	 in	 following	 instructions	 and/or	 a	 desire	 to	 be	 sure	 the
dose	change	is	trending	appropriately.

Single	Out-of-Range	INR	by	>0.5	in	an	Otherwise	Stable	Patient
At	her	new	maintenance	warfarin	5.5	mg	daily	dose,	AF	experiences	a	period	of
stable	INRs	in	her	target	2.0–3.0	range.	At	today’s	visit,	her	INR	is	3.9	and	she



reports	no	relevant	changes	to	warfarin	dosing,	medications,	diet,	and	medical
conditions.

QUESTION

How	should	AF’s	warfarin	dose	be	adjusted?

Answer:
Whether	an	INR	is	slightly	or	further	out	of	target	range,	the	clinician	must	still
(1)	carefully	rule	out	any	recent	changes	and	factors	that	could	impact	warfarin,
including	 and	 especially	 medication	 adherence,	 and	 (2)	 review	 the	 patient’s
recent	INR	and	warfarin	dosing	history	for	trends.

In	 this	case,	AF’s	INR	of	3.9	 is	a	 larger	excursion	from	target	 range.	Given
the	previously	stable	INRs	and	warfarin	dose	and	if	an	interacting	factor	cannot
be	 identified	 from	patient	 history,	 these	 are	 two	 possible	 interventions	 (Figure
21-3).





FIGURE	21-3.	Adjusting	warfarin	maintenance	for	an	elevated	INR.

If	the	warfarin	dose	is	reduced,	follow-up	should	preferentially	be	within	one
week	to	evaluate	the	initial	effect.	Follow-up	time	is	largely	guided	by	urgency
of	 maintaining	 time	 in	 therapeutic	 range	 and	 degree	 of	 predictability	 of	 next
INR.	 In	 this	 case,	AF’s	 unexpectedly	 high	 INR	 that	 is	 also	 >0.5	 out	 of	 target
range	 warrants	 closer	 follow-up	 even	 after	 a	 dose	 reduction,	 so	 a	 one-week
evaluation	is	prudent.

Lowering	 the	 dose	 is	 not	 the	 only	 option.	Considering	 the	 high	 INR	of	 3.9
was	unexpected	and	no	etiology	was	identified,	it	is	also	reasonable	to	maintain
the	same	dose	and	reevaluate	to	see	whether	it	is	a	true	trend	that	requires	a	dose
change.	AF’s	high	CVA	risk	is	a	consideration,	and	a	reason	to	hold	off	on	a	dose
reduction.	AF	could	be	instructed	to	hold	today’s	warfarin	dose	to	allow	the	INR
to	trend	back	down	to	target	range,	then	resume	her	usual	5.5	mg	daily	dose.	In
this	case,	however,	the	INR	should	be	evaluated	within	one	week	in	case	a	dose
reduction	is	warranted.

CASE	5:	DRUG	INTERACTIONS—AMIODARONE,	A	CYP
INHIBITOR
IR	is	a	65-year-old	male	on	warfarin	for	chronic	atrial	fibrillation,	stabilized	for
the	past	 few	months	at	warfarin	6	mg	daily	 to	 target	an	INR	range	of	2.0–3.0.
Secondary	 to	 frequent	episodes	of	 symptomatic	palpitations,	his	cardiologist	 is
initiating	amiodarone	400	mg	twice	daily	 today,	 to	be	reduced	to	400	mg	once
daily	in	2	weeks,	then	200	mg	daily	in	4	weeks.

QUESTION
How	should	IR’s	warfarin	dose	be	adjusted?

Answer:
Amiodarone	 interacts	 with	 warfarin,	 frequently	 and	 substantially,	 leading	 to
greatly	reduced	warfarin	doses	to	maintain	the	target	INR	range.	It	is	an	inhibitor
of	CYP	1A2,	2C9,	and	3A4	enzymes,	reducing	metabolism	of	both	enantiomers
of	warfarin,	thus	increasing	warfarin	concentrations	and	its	anticoagulant	effect.

The	 pharmacokinetics	 of	 amiodarone	 further	 complicates	 the	 interaction.	 It
has	 a	 prolonged	 and	 highly	 variable	 time	 of	 onset,	 maximal	 effect,	 and



elimination	if	 therapy	is	withdrawn.	These	factors	are	often	critical	 in	deciding
how	 to	monitor	 and	manage	warfarin	 dosing	with	 interacting	 agents.	 Because
amiodarone	requires	a	long	period	to	achieve	steady-state	effect,	the	full	effect	of
the	interaction	may	not	be	realized	for	several	weeks,	hence	weekly	INR	follow-
up	 and	 dose	 adjustments	 should	 be	 planned	 for	 the	 next	 4	weeks,	 possibly	 as
long	as	8	weeks.

The	 interaction	 appears	 to	 be	 dose-dependent.	 Sanoski	 et	 al.30	 observed	 a
strong	 inverse	 correlation	 (r2	=	0.94,	p	<0.005)	between	amiodarone	dose	 and
warfarin	 dose,	 and	 suggested	 reducing	 warfarin	 dose	 by	 approximately	 40
percent,	 35	 percent,	 30	 percent,	 and	 25	 percent	 for	 amiodarone	 maintenance
doses	 of	 400,	 300,	 200,	 and	 100	mg	 daily,	 respectively.	 Although	 IR’s	 target
maintenance	 amiodarone	 dose	 is	 200	 mg	 daily,	 it	 is	 reasonable	 to	 expect	 a
stronger	initial	interaction	related	to	the	loading	dose.

IR‘s	 warfarin	 dose	 should	 be	 preemptively	 lowered	 today,	 given	 the	 high
likelihood	and	degree	of	interaction.	An	initial	dose	reduction	of	10–20	percent
is	reasonable.	Possible	regimens	for	the	first	week	include	warfarin	5	mg	daily,	a
16.7	 percent	 reduction,	 or	warfarin	 3	mg	MWF	 (Monday,	Wednesday,	 Friday)
and	 6	 mg	 STThSa	 (Sunday,	 Tuesday,	 Thursday,	 Saturday),	 a	 21.4	 percent
reduction.

IR’s	 INR	 should	 be	 assessed	 in	 one	 week	 to	 determine	 magnitude	 of	 the
initial	 interaction.	 If	 the	 INR	 is	 <2.0,	 the	 dose	 could	 be	 increased	 up	 to	 10
percent	or	left	unchanged	if	very	close	to	2.0.	If	the	INR	is	between	2.0–3.0,	the
dose	could	be	left	unchanged	or	reduced	by	<10	percent.	If	the	INR	is	>3.0,	the
dose	could	be	reduced	by	10–15	percent.	In	all	cases,	the	INR	should	be	assessed
again	in	one	week.

As	IR’s	amiodarone	dose	is	tapered	to	his	target	200	mg	once	daily	after	one
month,	it	can	be	expected	that	warfarin	requirements	may	increase	at	that	time,
although	 not	 to	 his	 6	 mg	 maintenance	 dose	 prior	 to	 amiodarone	 therapy.
Therefore,	 I.R.	will	 likely	 require	 close	 INR	monitoring	 for	 up	 to	 8	weeks	 to
establish	his	new	maintenance	warfarin	dose	on	amiodarone	200	mg	daily.

CASE	6:	DRUG	INTERACTIONS—CARBAMAZEPINE,	A
CYP	INDUCER
BA	is	a	65-year-old	female	on	warfarin	for	bilateral	acute	DVTs	5	months	ago,
and	stabilized	at	warfarin	8.5	mg	daily	to	target	an	INR	2.0–3.0.	She	has	been
on	long-standing	carbamazepine	therapy	for	a	single	grand	mal	seizure	that	she
could	 recall,	 at	a	dose	of	200	mg	every	8	hours.	Her	neurologist	 instructs	BA



with	 a	 taper	 protocol	 (week	 1–2:	 200	mg	 every	 12	 hours;	 week	 3–4:	 100	mg
every	12	hours),	with	the	intention	of	discontinuing	carbamazepine	in	4	weeks.

QUESTION

How	should	BA’s	warfarin	dose	be	adjusted?

Answer:
The	 antiepileptic	 agent	 carbamazepine	 is	 a	 potent	 inducer	 of	 CYP	 3A4	 and
moderate	inducer	of	CYP	2C9,	therefore,	increasing	the	metabolic	clearance	of
both	 enantiomers	 of	 warfarin.	 Patients	 taking	 warfarin	 and	 carbamazepine
concurrently	will	require	higher	warfarin	doses	to	maintain	an	INR	in	the	target
range.	Less	appreciated	than	interactions	that	occur	when	an	interacting	agent	is
added	to	warfarin	therapy	are	those	when	such	agents	are	discontinued.

BA’s	 current	 maintenance	 warfarin	 dose	 reflects	 the	 induction	 effect	 of
carbamazepine.	When	 the	 latter	 is	 discontinued,	 B.A.	 will	 likely	 need	 a	 dose
reduction.	The	month-long	tapering	schedule	further	complicates	the	reversal	of
the	interaction.

If	the	magnitude	of	carbamazepine’s	induction	effect	on	BA’s	warfarin	dose	is
unknown	 (i.e.,	 carbamazepine	 was	 initiated	 and	 stabilized	 prior	 to	 warfarin
therapy),	it	will	be	prudent	to	begin	monitoring	INRs	weekly,	and	making	dose
adjustments	as	needed.	Induction	interactions	are	unlikely	to	reverse	as	quickly
as	inhibition,	so	it	is	unnecessary	to	preemptively	reduce	her	dose.

CASE	7:	WARFARIN	REVERSAL—BLEEDING
LB	is	a	55-year-old	male	on	warfarin	for	prevention	of	recurrent	VTE,	stabilized
on	warfarin	11.5	mg	daily	for	over	a	year	to	target	an	INR	range	of	2.0–3.0.	He
has	been	medically	stable,	with	no	changes	in	medications,	for	the	past	year.	His
concomitant	medications	 include	docusate,	 senna,	 lactulose,	and	pantoprazole.
Today,	 he	 calls	 the	 clinic	 to	 report	 experiencing	malaise	 and	 coughing	 for	 the
past	2	days,	and	today	coughed	up	brownish,	coffee-ground	material	 twice.	He
denies	observing	other	signs	and	symptoms	of	bleeding.

QUESTION



What	do	you	advise	LB	to	do?

Answer:
Coffee-ground	emesis	suggests	upper	GI	bleeding,	and	constitutes	an	emergency
that	 must	 be	 promptly	 evaluated.	 LB	 should	 be	 instructed	 to	 take	 no	 further
warfarin	 doses	 and	 immediately	 present	 for	 emergency	 care.	 If	 the	 medical
assessment	 confirms	GI	 bleeding,	 phytonadione	 5–10	mg	by	 slow	 intravenous
infusion	is	 indicated	regardless	of	 the	INR	to	reverse	warfarin.	The	use	of	a	4-
factor	 PCC	 may	 be	 considered	 to	 rapidly	 reestablish	 normal	 hemostasis,
especially	 in	 life-threatening	bleeds,	while	FFP	 is	 an	alternate	adjunct	 if	PCCs
are	unavailable.

CASE	8:	WARFARIN	REVERSAL—ELECTIVE
BH	 is	 a	 67-year-old	 male	 on	 warfarin	 for	 atrial	 fibrillation,	 stabilized	 on
warfarin	7	mg	daily	for	>6	months	but	recently	had	his	dose	adjusted	to	6	mg,	to
target	 an	 INR	 range	 of	 2.0–3.0.	 His	 other	 medical	 conditions	 include
hypertension	 and	 dyslipidemia.	 He	 is	 undergoing	 workup	 for	 prostate	 cancer
and	 is	 scheduled	 for	 a	 prostate	 biopsy	 in	 2	weeks.	His	 primary	 care	 provider
(PCP)	 clears	 him	 for	 the	 procedure	 but	 requests	 your	 assistance	 with	 the
perioperative	management	of	anticoagulation.

QUESTION
What	do	you	recommend?

Answer:
Prostate	 biopsy	 is	 a	 procedure	 that	 entails	 a	 high	 bleeding	 risk,	 and	 therefore
requires	 full	 reversal	 of	warfarin.	Assuming	BH’s	 current	 INR	 is	within	 target
range,	he	will	need	to	hold	warfarin	5	days	prior	to	the	biopsy	to	allow	his	INR
to	decline	 to	baseline.	An	 INR	should	be	assessed	on	 the	day	of	 the	biopsy	 to
ensure	 it	 is	 safe	 to	proceed.	Warfarin	may	be	 restarted	after	 the	biopsy,	on	 the
same	day	if	hemostasis	is	achieved,	as	its	onset	of	action	requires	several	days.

BH	has	a	low	to	moderate	risk	of	CVA,	with	a	CHADS2	risk	score	of	2.	The
use	of	bridge	therapy	with	a	short-acting	parenteral	anticoagulant	will	not	confer
significant	 benefit,	 so	 BH	 can	 simply	 hold	 warfarin	 therapy.	 It	 may	 be



considered,	 however,	 if	 both	 BH	 and	 his	 PCP	 strongly	 preferred	 the	 added
protection	against	thrombosis.

HOMEWORK	CASES

CASE	1
TS	 is	 a	 56-year-old	 female	 on	 warfarin	 for	 prevention	 of	 recurrent	 VTE,
stabilized	 for	 the	 past	 few	 months	 at	 warfarin	 7.5	 mg	 daily	 to	 target	 an	 INR
range	of	2.0–3.0.	At	her	PCP	appointment	today,	she	reports	a	3-day	history	of
burning	 pain	 on	 urination	 and	 urgency,	 but	 no	 fever	 or	 flank	 pain.	 Her	 PCP
prescribes	 cotrimoxazole	 DS	 160	 mg/800	 mg	 every	 12	 hours	 for	 3	 days	 for
urinary	tract	infection	(UTI).

QUESTION	1

By	what	mechanisms	does	cotrimoxazole	interact	with	warfarin?

Answer:
Sulfamethoxazole	is	a	CYP	2C9	inhibitor,	a	competitive	substrate	of	both	CYP
2C9	and	CYP	3A4,	and	may	displace	warfarin	from	protein-binding	sites.

QUESTION	2

What	effect	is	anticipated	with	the	addition	of	cotrimoxazole	to	stable	warfarin
therapy?

Answer:
Cotrimoxazole	 may	 potentiate	 warfarin’s	 hypoprothrombinemic	 effect,
increasing	the	INR	and	bleeding	risk.

QUESTION	3



How	should	TS’s	warfarin	dose	be	adjusted?

Answer:
Duration	of	concomitant	therapy	is	relevant.	With	only	three	days	of	therapy,	the
duration	 of	 the	 interaction	 is	 limited.	 It	 is	 preferable	 to	 use	 an	 alternate	 agent
with	 no	 interaction	 potential	 to	 treat	 the	 UTI.	 If	 an	 alternate	 is	 not	 possible,
consider	 holding	 warfarin	 on	 day	 1	 preemptively,	 then	 continue	 the	 same
maintenance	dose.

QUESTION	4

When	should	TS’s	INR	be	reevaluated?

Answer:
The	 INR	 should	 be	 reevaluated	 on	 day	 3–4	 to	 determine	 the	 extent	 of	 the
interaction,	 and	 to	 allow	 for	 another	warfarin	 dose	 adjustment,	 if	 needed.	 It	 is
anticipated	that	TS	may	resume	her	usual	warfarin	7.5	mg	dose	thereafter.

CASE	2
DW	is	an	83-year-old	female	who	was	hospitalized	with	an	acute	CVA	with	new
finding	of	atrial	fibrillation.	Her	past	medical	history	is	significant	for	anemia,
hypertension,	 type	2	diabetes,	 chronic	 kidney	disease,	 and	peripheral	 vascular
disease.	Her	medications	on	admission	were	aspirin	81	mg	daily,	 fosinopril	20
mg	daily,	 insulin	glargine	30	units	 subcutaneously	daily,	and	sitagliptin	25	mg
daily.	She	is	started	on	unfractionated	heparin	for	anticoagulation	and	diltiazem
for	 rate	 control.	 Lab	work	 show	chronically	 elevated	 serum	creatinine	 of	 1.8–
2.0,	low	albumin	level,	and	anemia.	Her	baseline	INR	is	0.8.

Height	=	5′2″
Weight	=	55	kg

QUESTION	1
What	is	an	appropriate	warfarin	dose	to	initiate	for	DW?



Answer:
Consider	warfarin	5–7.5	mg	daily.	DW	is	at	high	 risk	 for	CVA	(CHADS2	risk
score	 of	 5)	 but	 also	 high	 bleed	 risk,	 which	 demands	 a	 balanced	 approach.	 If
INRs	may	be	monitored	daily	in	this	inpatient	setting,	it	increases	the	safety	of	a
higher	dose	initiation.

QUESTION	2

Estimate	DW’s	maintenance	warfarin	dose.	 Indicate	 the	patient	 characteristics
that	influenced	this	estimate.

Answer:
Relevant	patient	characteristics	that	suggest	DW	will	need	a	lower	dose	include
advanced	 age,	 multiple	 comorbidities,	 possible	 malnutrition,	 low	 height	 and
weight,	 and	 diltiazem	 therapy.	A	 reasonable	 guess	without	 pharmacogenomics
information	may	be	that	DW’s	warfarin	maintenance	dose	is	2.5	mg	daily.

QUESTION	3

What	drug	interactions,	if	any,	are	of	concern?

Answer:
Diltiazem	 is	 a	 moderate	 inhibitor	 of	 CYP	 3A4,	 which	 affects	 the	 less	 potent
warfarin	 R-enantiomer.	 In	 theory,	 it	 may	 potentiate	 warfarin.	 Aspirin	 is	 an
antiplatelet	 that	 independently	 increases	 bleeding	 risk.	 In	 combination	 with
warfarin,	a	higher	bleeding	risk	may	be	anticipated.

CASE	3
IU	 is	 a	 45-year-old	 male	 on	 warfarin	 for	 prevention	 of	 CVA	 and	 systemic
embolism	 for	a	prosthetic	mitral	 valve	 replacement.	He	has	been	 stabilized	on
warfarin	4	mg	daily	for	the	past	3	months	to	target	INR	2.5–3.5.	He	presents	to
clinic	 ahead	 of	 schedule	 to	 see	 his	 PCP,	 reporting	 3	 days	 of	 fever,	 productive
cough,	and	no	appetite.	He	has	taken	only	over-the-counter	acetaminophen	(4–6
tablets	a	day)	to	self-treat.	IU	is	diagnosed	with	viral	bronchitis	and	advised	to



drink	fluids,	take	bed	rest,	and	prescribed	an	antitussive.	His	INR	is	today	is	5.8.
IU	reports	no	unusual	signs	or	symptoms	of	bleeding	and	denies	any	change	in
prescription	medications.

QUESTION	1

What	may	have	contributed	to	IU’s	elevated	INR?

Answer:
Fever	 and	 illness,	 poor	 oral	 intake,	 and	 large	 doses	 of	 acetaminophen	may	 all
potentiate	warfarin	effect	and	INR	result.

QUESTION	2

Should	IU	be	given	phytonadione	(vitamin	K)	to	manage	his	elevated	INR?	If	so,
at	what	dose,	route,	and	frequency?

Answer:
The	 use	 of	 phytonadione	 in	 the	 absence	 of	 bleeding	 is	 discouraged,	 as	 the
absolute	risk	of	bleeding	in	the	time	required	for	the	INR	to	decline	back	within
target	 range	 with	 phytonadione	 is	 not	 reduced	 compared	 to	 without	 it.	 In
particular,	IU	is	anticoagulated	for	a	high	thrombosis	risk	condition	with	a	higher
INR	target,	and	the	use	of	phytonadione	may	cause	his	INR	to	fall	below	target
range.

QUESTION	3

How	should	IU’s	warfarin	dose	be	adjusted?

Answer:
Warfarin	should	be	held	for	1–2	days	to	allow	the	INR	to	decline	back	into	the
target	 range.	 Because	 of	 great	 intervariability	 between	 patients	 in	 the	 time
needed	 to	decay	 the	 INR,	 reevaluate	 the	 INR	after	 the	dose	hold	 to	determine
further	 intervention.	 As	 long	 as	 the	 suspected	 factors	 for	 elevating	 IU’s	 INR



remain,	frequent	INR	monitoring	and	probable	temporary	reduction	in	warfarin
dose	will	be	needed.
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CHAPTER 	22
Erythropoietin-Stimulating	Agents
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OVERVIEW

Erythropoietic	 stimulating	 agents	 (ESA)	 are	 recombinant	 and	 synthetic
erythropoietin	 (EPO).	 They	 are	 structurally	 and	 biologically	 similar	 to
endogenous	EPO	and	are	used	 in	 the	management	of	various	 types	of	anemia.
Drugs	 in	 this	 class	 are	 epoetin	 alfa,	 darbepoetin	 alfa,	 and	 peginesatide.	 ESAs
work	by	stimulating	 the	bone	marrow	to	produce	red	blood	cells.	Epoetin	alfa,
sometimes	 referred	 to	 as	 recombinant	 human	 erythropoietin	 (rHuEPO),	 is	 an
exogenous	 EPO	 manufactured	 by	 recombinant	 DNA	 technology,	 and	 it	 was
approved	 by	 the	 Food	 and	Drug	Administration	 (FDA)	 in	 1989.	 It	 contains	 a
165-amino	 acid	 sequence	 with	 three	 N-linked	 and	 one	 O-linked	 carbohydrate
changes	 and	 has	 the	 same	 biological	 effects	 as	 endogenous	 EPO.1,2	 It	 has	 a
molecular	weight	of	30,400	daltons	and	is	produced	by	mammalian	cells.

Darbepoetin	 alfa	 (DA),	 a	 hyperglycosylated	 epoetin	 alfa	 analogue,	 contains
five	N-linked	carbohydrate	chains,	two	more	than	epoetin	alfa,	and	has	the	same
mechanism	 of	 action	 as	 rHuEPO.3,4	 Compared	 with	 epoetin	 alfa,	 darbepoetin
alfa	 has	 a	 threefold	 increased	 serum	 half-life	 and	 allows	 extended	 dosing
intervals.4-6	 The	 additional	 N-linked	 carbohydrate	 chains	 increased	 the
molecular	weight	of	darbepoetin	from	30.4	to	37.1	daltons,	and	the	carbohydrate
contribution	 to	 the	 molecule	 corresponding	 increased	 from	 40	 percent	 to
approximately	52	percent.7

Peginesatide	is	a	synthetic	pegylated	peptide.	It	stimulates	the	EPO	receptor
similar	to	the	endogenous	hormone	EPO	and	rHuEPO.	Peginesatide	is	produced



using	 chemistry	 rather	 than	 recombinant	 DNA	 technology.	 Its	 amino	 acid
sequence	is	completely	different	from	EPO	and	yet	still	able	to	activate	the	EPO
receptor	and	stimulates	erythropoiesis.8	In	the	summer	of	2014,	the	manufacturer
suspended	 peginesatide	 production	 due	 to	 post	 marketing	 reports	 of	 serious
hypersensitivity	reactions	that	may	be	life-threatening	or	fatal.

The	FDA	approved	ESAs	for	the	treatment	of	anemia	resulting	from	chronic
kidney	 disease,	 anemia	 in	 certain	 types	 of	 cancer	 patients	 receiving
myelosuppressive	 chemotherapy,	 certain	 treatments	 for	 human
immunodeficiency	 virus	 (HIV),	 and	 also	 to	 reduce	 the	 number	 of	 blood
transfusions	 during	 and	 after	 certain	 major	 surgeries.8,19,20	 ESAs	 are	 also
reportedly	being	used	off-label	for	various	conditions,	including	myelodysplastic
syndrome,9	critically	 ill	patients,10,11	chronic	heart	 failure,12	 anemia	of	 chronic
disease,13	chronic	hepatitis	C	virus	infection,14	and	anemia	in	 low	birth	weight
infants.15

PHARMACOKINETICS

rHuEPO	has	a	relatively	short	terminal	half-life	of	4–8	hours	in	humans,	and	it
needs	to	be	administered	two	to	three	times	a	week.16	Compared	with	rHuEPO,
the	EPO	analogue	darbepoetin-alfa	carries	two	additional	glycosylation	sites	that
permit	 a	 higher	 degree	 of	 glycosylation.	 Consequently,	 darbepoetin	 alfa	 has	 a
longer	 half-life	 of	 25.3–48.8	 hours	 in	 humans,5	 and	 greater	 in	 vivo	 biological
activity,	 which	 allows	 for	 less	 frequent	 administration.17	 Unlike	 rHuEPO	 or
darbepoetin	 alfa,	 peginesatide	 comprises	 a	 peptide	 sequence	 that	 is	 dimerized
and	 linked	 to	 a	 two-branched	 20-kDa	 PEG	 moiety,	 thus	 prolonging	 systemic
circulation	and	 reducing	enzymatic	degradation.18	This	characteristic	permits	a
once-monthly	dosing	schedule.	(See	Tables	22-1	through	22-4.)

TABLE
22-1 ESAs	Pharmacokinetics	Data8,19,20



TABLE
22-2 ESAs	Dosing	Information8,19,20



IV,	intravenous;	kg,	kilogram;	SC,	subcutaneous

TABLE
22-3 Adult	Dosing	Conversion	Between	EPO	and	DA8,19



EPO,	rHuEPO;	DA,	darbepoetin	alfa

TABLE
22-4 Adult	Dosing	Conversion	from	EPO,	DA,	to	Peginesatide8,19,20



CKD,	chronic	kidney	disease;	EPO,	rHuEPO;	DA,	darbepoetin	alfa

DOSING	CONSIDERATIONS

Adequate	iron	supply	is	necessary	for	maintaining	an	optimal	response	to	ESA



therapy.	 Prior	 to	 and	 during	 ESA	 therapy,	 a	 patient’s	 iron	 stores,	 including
transferrin	saturation	(TSAT)	and	serum	ferritin,	should	be	evaluated.	Virtually
all	 patients	 will	 eventually	 require	 supplemental	 iron	 to	 increase	 or	 maintain
TSAT	 to	 levels	 that	will	 adequately	 support	 erythropoiesis	 stimulated	by	ESA.
The	 FDA	 recommends	 using	 the	 lowest	 dose	 possible	 to	 avoid	 RBC
transfusions.

rHuEPO	 administered	 subcutaneously	 (SC)	 is	 more	 efficacious	 than
intravenous	(IV)	administration.	The	required	dose	of	rHuEPO	administered	via
IV	is	usually	25	percent	to	30	percent	higher	than	SC	administration	to	achieve	a
similar	 erythropoietic	 response.	 The	 reason	 is	 thought	 to	 be	 due	 to	 a	 rapid
decline	 in	 rHuEPO	 concentration	 (i.e.,	 below	 the	 threshold	 necessary	 for
erythropoiesis)	 after	 IV	 administration.21	 In	 contrast,	 dosage	 requirements	 of
darbepoetin-alfa	 do	 not	 appear	 to	 differ	 between	 the	 IV	 and	 SC	 routes	 of
administration.	The	dose	of	DA	is	apparently	equivalent	between	the	IV	and	SC
administration.

Dose	 reduction	 or	 increase	 by	 approximately	 25	 percent	 is	 suggested	 to
maintain	 goal	 Hb	 levels.	 Significant	 variability	 in	 responsiveness	 in	 various
patient	populations	makes	it	wise	to	individualize	patient	treatment	(Table	22-5).

TABLE
22-5 Monitoring





In	normal	subjects,	plasma	EPO	levels	range	from	0.01	to	0.03	units/mL	and
increase	 100-	 to	 1,000-fold	 during	 hypoxia	 or	 anemia.22	 Responsiveness	 to
rHuEPO	therapy	in	HIV-infected	patients	is	dependent	on	the	endogenous	serum
EPO	level	prior	to	treatment.	Patients	with	endogenous	serum	EPO	levels	≤500
mUnits/mL	and	receiving	a	dose	of	zidovudine	≤4,200	mg/week	may	respond	to
rHuEPO	therapy.	Patients	with	endogenous	EPO	levels	>500	mUnits/mL	do	not
appear	to	respond	to	rHuEPO	therapy.19	In	patients	with	CKD,	serum	EPO	level
is	 expected	 to	 be	 low,	 therefore	 it	 has	 no	 diagnostic	 value.	 Neither	 does	 it
influence	the	starting	dose	or	any	adjustment	in	dosing	of	ESAs	in	such	patients;
these	agents	may	have	some	use,	however,	in	patients	with	anemia	secondary	to
chronic	illness.	In	addition,	regression	of	left	ventricular	hypertrophy	(LVH)	is	a
known	benefit	of	initiation	of	treatment	with	ESAs.

The	FDA	also	 stated	 that	 health	 care	 professionals	who	prescribe	ESAs	 for
anemia	in	cancer	patient	for	chemotherapy-induced	anemia	must	(1)	complete	a
online	training	module	that	covers	the	use	of	ESAs;	(2)	be	enrolled	in	the	ESA
APPRISE	 (Assisting	 Providers	 and	Cancer	 Patients	with	Risk	 Information	 for
the	Safe	Use	of	ESAs)	Oncology	program	following	completion	of	the	training
module	and	obtain	provider	enrollment	number;	(3)	sign	the	patient/health	care
professional	 acknowledgment	 form	 prior	 to	 initiation	 of	 ESA	 therapy;	 and
provide	a	copy	of	the	signed	consent	form	to	the	patient.23

Other	 monitoring	 parameters	 include	 hemoglobin	 (Hb),	 iron	 indices,	 folic
acid,	cyanocobalamin	levels,	and	red	blood	cells	profiles.

SIDE	EFFECTS

All	ESAs	prescribed	must	be	part	of	a	Risk	Evaluation	and	Mitigation	Strategy
(REMS)	to	ensure	the	safe	use	of	these	drugs.

The	FDA	mandated	that	the	patients	be	provided	with	material	and	guidance
to	 understand	 the	 risks	 associated	 with	 ESAs.	 For	 patients	 with	 cancer,	 these
risks	include	the	following:
1.	ESA	may	cause	tumors	to	grow	faster.
2.	ESA	use	may	be	associated	with	earlier	death.
3.	ESAs	may	cause	some	patients	to	develop	blood	clots	and	serious	heart
problems	such	as	a	heart	attack,	heart	failure,	or	stroke.

For	 this	 reason,	 ESA	 therapy	 is	 not	 indicated	 for	 treatment	 of	 chemotherapy-



induced	 anemia	 (CIA)	 if	 the	 patient	 is	 receiving	 chemotherapy	 for	 curative
intent.

Patients	with	or	without	cancer	should	be	informed	that	the	use	of	ESAs	can
increase	the	risk	of	stroke,	heart	attack,	heart	failure,	blood	clots,	and	death.	All
patients	 receiving	 ESAs	 are	 instructed	 to	 read	 the	 medication	 guide	 to
understand	 the	 benefits	 and	 risks	 of	 using	 an	 ESA,	 and	 to	 discuss	 with	 their
health	care	professional	any	questions	they	may	have.	Also,	patients	with	cancer
will	need	to	sign	an	acknowledgment	form	that	states	that	they	have	talked	with
their	 health	 care	 professional	 about	 the	 risks	 associated	with	ESAs.	This	 form
must	be	signed	before	patients	begin	a	course	of	ESA	treatment.	Patients	without
cancer	will	be	asked	to	get	blood	tests	while	using	ESAs	to	help	guide	the	course
of	therapy	and	lower	the	risk	of	serious	adverse	events.

Side	 effects	 include	 vascular-access	 thrombosis,	 seizures,	 hypertension,	 and
others.	 ESAs	 are	 rated	 pregnancy	 category	C.	 In	 addition,	 some	 patients	 have
developed	 anti-EPO	 antibodies	 due	 to	 immunogenicity,	 which	 can	 reduce	 the
benefit	of	 taking	epoetin	alfa.17	ESA-related	pure	 red	cell	 aplasia	 (PRCA)	 is	 a
rare	 but	 potentially	 life-threatening	 condition.	 The	 presence	 of	 neutralizing
antibodies	 has	 been	 observed	 and	 most	 cases	 have	 been	 associated	 with
darbepoetin	 and	 rHuEPO	 given	 SC	 in	 patients	 with	 CKD,	 and	 treated	 for
hepatitis	C	infection	with	interferon	and	ribavirin.17,19

CONTRAINDICATIONS/WARNINGS

CONTRAINDICATIONS
ESAs	 are	 contraindicated	 in	 patients	 with	 uncontrolled	 hypertension	 and
hypersensitivity	 to	 any	 of	 the	 components	 including	 albumin	 (human)	 and
mammalian	cell-derived	products.

WARNINGS

All	 ESAs	 carry	 serious	Black	 box	warnings.	 Insufficient	Hb	 response	 to	ESA
therapy	may	indicate	a	greater	risk	for	cardiovascular	events	and	mortality	than
in	 other	 patients,	 based	 increased	 risks	 for	 death	 and	 serious	 cardiovascular
events	 in	 controlled	 clinical	 trials	 of	 patients	 with	 cancer.24	 These	 events
included	 myocardial	 infarction,	 stroke,	 congestive	 heart	 failure,	 and



hemodialysis	 vascular	 access	 thrombosis.	A	 rate	 of	Hb	 rise	 >1	 g/dL	 over	 two
weeks	 may	 contribute	 to	 these	 risks.	 A	 higher	 incidence	 of	 DVT	 was
documented	in	patients	receiving	rHuEPO	who	were	not	receiving	prophylactic
anticoagulations.19

Hyporesponsiveness	 to	ESA	 can	 also	 occur	 if	Hb	does	 not	 increase	 despite
being	adequately	dosed.	Contributing	factors	to	hyporesponsiveness	may	include
iron	 deficiency,	 chronic	 blood	 loss,	 hemolysis,	 malignancy,	 infectious	 and
inflammatory	 conditions,	 severe	 malnutrition,	 vitamin	 deficiency,	 severe
hyperparathyroidism,	and	other	conditions.25

ESA	 therapies	 have	 changed	 the	 treatment	 of	 anemia	 in	 CKD	 and	 various
patient	settings.	Clinicians	should	be	 informed	of	ESA	prescribing	profiles	and
side	effects	 in	order	 to	effectively	manage	ESA	therapies	and	at	 the	same	 time
avoid	serious	consequences	associated	with	its	use.

CASE	STUDIES

CASE	1:	ESA	AND	CKD	PREDIALYSIS
A	77-year-old	Caucasian	man	with	long-standing	hypertension,	diabetes,	and	a
20-year	history	of	tobacco	smoking	presents	for	evaluation	of	CKD.	Recently	he
had	an	episode	of	acute	angina	for	which	he	underwent	cardiac	catheterization.
At	 that	 time	he	was	 found	to	have	CKD	(serum	creatinine	2.4	mg/dL)	and	was
advised	 follow	 up	 with	 outpatient	 nephrology.	 He	 is	 otherwise	 well,	 denies
fatigue	or	reduced	exercise	capacity,	and	has	quit	smoking	several	months	ago.
On	laboratory	evaluation	serum	hemoglobin	was	10.5	mg/dL.

QUESTION
How	would	you	manage	the	patient’s	anemia?

Answer:
At	this	time,	the	patient	is	asymptomatic	and	although	the	Hb	is	low	(anemia	in
CKD	is	diagnosed	when	the	Hb	concentration	is	<10	g/dL),19	available	evidence
suggests	 little	 to	 no	 benefit	 to	 be	 gained	 by	 raising	 the	Hb	 over	 10	mg/dL	 in
diabetic	 patients	with	 ESA	 naive	CKD	 not	 yet	 on	 dialysis.	 If	 this	 patient	was



awaiting	a	kidney	transplant	reducing	the	need	for	blood	transfusions	(to	prevent
the	development	of	antibodies)	would	be	a	concern,	however,	that	is	not	the	case
at	this	time.

Additional	 evaluation	 for	 other	 correctable	 causes	 of	 anemia—including
gastrointestinal	 losses,	 inflammatory	 states,	 and	 nutritional	 deficiencies
including	folate,	Vitamin	B12	and	iron—should	be	completed.	Once	the	cause	of
the	 anemia	 is	 identified	 to	be	due	 to	his	 chronic	disease	 a	more	 in-depth	 risk-
benefit	discussion	specifically	in	terms	of	the	minimal	benefit	 in	quality	of	life
(QOL)	and	the	heightened	risk	of	stroke	would	be	appropriate.

Follow	-Up	in	3	Months
On	 further	 evaluation,	 patient	was	 found	 to	 have	TSAT	 of	 20	 percent,	 ferritin
125	 ng/mL,	 reticulocyte	 count	 of	 1.2	 percent,	 and	 no	 evidence	 of	 blood	 loss
(fecal	occult	blood	test	negative	times	three).

QUESTION

What	is	the	next	step	in	the	management?

Answer:
Iron	therapy	is	underutilized	in	patients	with	CKD.	TSAT	of	less	than	20	percent
and/or	serum	ferritin	 levels	<200	ng/nL	generally	 indicate	 iron	deficiency.	Iron
supplementation	 is	 recommended	 for	 adult	 patients	with	CKD	 if	TSAT	 is	 ≤30
percent	 and	 ferritin	 is	 ≤500	 ng/ml,	 because	 in	 the	 CKD	 population	 higher
saturation	and	ferritin	levels	are	desirable	to	ensure	that	patients	are	iron	replete.

Follow-Up	in	6	Months
Hemoglobin	level	is	now	9.3	mg/dL.	Patient	now	notes	some	fatigue.	Laboratory
evaluation	suggests	adequate	iron	stores.

QUESTION

What	role	does	ESA	have?

Answer:



In	practice	the	use	of	ESAs	in	patients	with	CKD	not	yet	on	dialysis	is	subject	to
wide	 variability.	 The	 possibility	 of	 organ	 transplantation,	 patient	 preferences,
and	reimbursement	limitations	must	be	taken	into	consideration.	It	 is	 important
to	 balance	 the	 potential	 benefits	 of	 reducing	 blood	 transfusions	 and	 anemia-
related	 symptoms	 against	 the	 risks	 of	 harm	 in	 individual	 patients	 (e.g.,	 stroke,
vascular	 access	 loss,	 hypertension).	As	 per	KDIGO,25	 the	 decision	whether	 to
initiate	ESA	therapy	for	adult	CKD	patients	not	yet	on	dialysis	(CKD	ND)	with
Hb	concentration	10	g/dL	must	be	individualized	based	on	the	rate	of	fall	of	Hb
concentration,	prior	 response	 to	 iron	 therapy,	 the	 risk	of	needing	a	 transfusion,
the	 risks	 related	 to	ESA	 therapy,	 and	 the	presence	of	 symptoms	attributable	 to
anemia.	 Once	 the	 decision	 to	 start	 the	 patient	 on	 ESA	 is	 made,	 additional
decisions	 include	 choosing	 an	 ESA,	 initial	 ESA	 dose,	 route	 and	 frequency	 of
ESA	administration,	and	an	Hb	level	monitoring	schedule.

Additional	notes:
Target	 Hb	 levels:	 Should	 be	 individualized.	 ESA	 therapy	 in	 patients	 with
diabetes	 and	 CKD	 have	 an	 increased	 risk	 of	 ischemic	 stroke,
thromboembolism,	 and	 cancer-related	 death	 in	 patients	 with	 a	 preexisting
diagnosis	of	cancer.	Increasingly,	clinicians	are	now	targeting	Hb	levels	of	10
to	 11	 g/dL,	 aiming	 for	 the	 lower	 end	 of	 the	 target	 if	 they	 are	 unlikely	 to
benefit	from	a	QOL	perspective.
Frequency	of	Hb	monitoring:	At	least	monthly	for	patients	on	ESAs.
Dose	of	ESA:	The	initial	ESA	dose	should	be	determined	using	the	patient’s
Hb	concentration,	body	weight,	and	clinical	circumstances.
Route	 and	 frequency	 of	 administration	 should	 be	 determined	 by	 the	 CKD
treatment	 setting	 and	 the	 class	 of	 ESA.	 For	 CKD	 ND	 and	 patients	 on
peritoneal	 dialysis	 (CKD	 PD),	 the	 KDIGO	 suggests	 subcutaneous
administration	of	ESA.25

CASE	2:	ESA	AND	CKD-HEMODIALYSIS
A	68-year-old	African	American	male	with	end-stage	kidney	disease	(ESKD)	due
to	diabetes	and	hypertension	is	currently	receiving	hemodialysis	(HD)	treatment
thrice	weekly.	Lately	the	patient	reports	a	history	of	fatigue	and	lightheadedness
for	a	few	weeks.	On	physical	exam,	no	blood	loss	is	evident,	and	stool	guaiac	is
negative,	BP	130/85	mmHg,	HR	75	bpm,	and	weight	 is	75	kg.	His	hemoglobin
level	 is	9.5	g/dL,	 ferritin	 is	350	ng/dL,	and	 transferrin	saturation	(TSAT)	 is	35
percent.



QUESTION

How	would	you	approach	management	and	evaluation	of	this	patient’s	anemia?

Answer:
Initial	evaluation	of	anemia	and	CKD:

•			Complete	blood	count,	which	should	include	Hb	concentration,	red	cell
indices,	white	blood	cell	count,	and	differential	and	platelet	count

•			Absolute	reticulocyte	count
•			Iron	indices:	Serum	ferritin	and	TSAT	levels
•			Serum	vitamin	B12	and	folate	levels

Initiate	 ESA	 therapy	 with	 great	 caution	 if	 used	 at	 all.	 An	 increase	 in	 Hb
concentration	without	starting	ESA	treatment	is	desired.	Do	not	initiate	ESA	in
CKD	patients	with	active	malignancy—in	particular	when	cure	is	the	anticipated
outcome—a	history	of	stroke,	or	a	history	of	malignancy.

Iron	 levels	are	within	normal	 limit,	 the	patient	has	ESKD	and	receives	HD,
therefore,	 ESKD	 and	HD	 are	 the	 primary	 causes	 of	 anemia.	 The	 patient’s	Hb
level	 is	 at	 9.5	g/dL,	 and	he	 is	 experiencing	 symptoms.	According	 to	 the	 latest
KDIGO	 guidelines,25	 the	 patient	 would	 be	 benefit	 from	 ESA	 therapy.	 Initiate
EPO	at	50	units/kg	IV	three	times	weekly	with	HD.

If	EPO	is	utilized:
•			Epoetin	alfa	3,500	units,	IV,	three	times	weekly	with	dialysis.
•			For	HD,	either	IV	or	SC	route	may	be	considered;	IV	administration	will
decrease	the	number	of	injections	to	the	patient	since	the	patient	is
receiving	HD	with	access.

•			If	SC	route	is	initiated,	the	dose	can	be	decreased	by	approximately	30
percent	(i.e.,	2,500	units	SC	three	times	weekly).

If	DA	is	utilized:
•			Starting	dose	is	0.45	mcg/kg	weekly,	and	the	patient’s	weight	is	75	kg.
•			The	calculated	dose	is	33.75	mcg,	rounded	to	the	nearest	available
prefilled	dose.	In	this	case,	start	the	patient	on	40	mcg	SC	weekly.



If	peginesatide	is	utilized:
•			Initiate	at	0.04	mg/kg	monthly	(i.e.,	3	mcg	SC	monthly).

Monitor:
•			Monitor	Hb	level	weekly	during	initiation	and	then	monthly	thereafter.
•			Hb	level	should	not	increase	more	than	1	g/dL	in	any	two-week	period.
•			Monitor	iron	indices	prior	to	and	during	ESA	therapy.
•			Monitor	BP	regularly.

ESA	 therapy	 should	 be	 individualized	 based	 on	 the	 rate	 of	 decrease	 of	 Hb
concentration,	prior	 response	 to	 iron	 therapy,	 the	 risk	of	needing	a	 transfusion,
the	 risks	 related	 to	ESA	 therapy,	 and	 the	presence	of	 symptoms	attributable	 to
anemia.

4	Weeks	Later
The	patient’s	laboratory	results	four	weeks	later	were:	Hb	10.2	g/dL,	ferritin	250
ng/dL,	and	TSAT	25	percent.

QUESTION

What	is	the	best	course	of	action	at	this	time?

Answer:
Since	the	patient	was	started	on	ESA,	ESA	took	up	iron	storage	for	hemoglobin
synthesis	 and	 the	 ferritin	and	TSAT	 levels	decreased.	According	 to	 the	current
KDIGO	guidelines,	maintenance	 IV	 iron	should	be	 initiated.	 Iron	dextran,	 iron
sucrose,	 sodium	 ferric	 gluconate,	 ferric	 carboxymaltose	 or	 ferumoxytol	 are
options.	 IV	 iron	 carries	 risk	of	 anaphylactic	 reaction	 and	 adverse	 events	 along
with	unknown	long-term	safety	profiles.

3	Months	Later
Over	the	next	three	months,	the	patient’s	Hb	has	been	ranging	around	10.1	g/dL
to	10.8	g/dL.	The	patient	is	now	asymptomatic	and	clinically	stable.



QUESTION

What	is	the	optimal	ESA	dose	and	target	Hb	level	for	this	patient?

Answer:
Many	controversial	issues	surround	the	best	Hb	levels.	The	KDOQI	has	slightly
different	targets	compared	to	the	FDA’s	product	labeling.	Several	revisions	were
made	to	the	NKF	and	KDOQI	guidelines	due	to	data	from	the	TREAT	trials	and
others	 trials.26-30	 Patients	 receiving	ESA	 therapy	 should	 be	 kept	 on	 the	 lowest
maintenance	ESA	dose	 to	avoid	 the	need	for	 receiving	blood	 transfusions.	The
latest	 KDIGO	 guidelines	 suggest	 Hb	 levels	 not	 exceeding	 11	 g/dL	with	 some
room	for	titration	up	to	11.5	g/dL.25	This	patient	is	currently	on	a	stable	ESA	and
IV	iron	regimen,	therefore,	no	change	is	necessary	at	the	present	time.

CASE	3:	ESA	AND	ONCOLOGY
The	patient	 is	 a	70-year-old	 female	 (60	 kg)	who	was	diagnosed	with	Stage	 IV
colorectal	 cancer	 two	months	ago.	 She	presented	 to	oncology	 clinic	 to	 receive
second	cycle	of	FOLFOX	chemotherapy	 regimen.	 She	 complains	of	 significant
fatigue.	Today’s	blood	result	shows	Hb	of	7.8	g/dL.	Her	baseline	Hb	at	the	time
of	diagnosis	was	12	g/dL.

QUESTION

Base	on	the	NCCN	Guidelines,	is	ESA	therapy	indicated	for	this	patient?

Answer:
Yes,	 ESA	 therapy	 is	 recommended	 for	 patients	 with	 chemotherapy-induced
anemia	 (CIA)	 in	 a	 noncurative	 setting.	 In	 this	 setting,	 the	 initiation	 of	 ESA
therapy	 is	 recommended	 if	 Hb	 <10	 g/dL.	 The	 lowest	 possible	 dose	 of	 ESA
should	be	used	to	avoid	blood	transfusion.31

QUESTION



What	 is	 the	 manufacturer-recommended	 initial	 dose	 of	 epoetin	 alfa	 or
darbepoetin	alfa	for	this	patient?

Answer:
For	CIA,	the	initial	dose	of	darbepoetin	alfa	recommended	by	the	manufacturer
is	 2.25	 mcg/kg	 per	 week	 as	 SC	 injection	 (most	 often	 given	 as	 100	 mcg	 SC
weekly)	 or	 500	 mcg	 SC	 every	 3	 weeks.20	 The	 recommended	 initial	 dose	 of
epoetin	alfa	is	150	units/kg	SC	three	times	weekly	or	40,000	units	SC	weekly.29

Six	 weeks	 later,	 the	 patient	 returns	 to	 the	 clinic	 and	 complains	 of	 feeling
extremely	fatigued.	Today’s	lab	results	show	Hb	8	g/dL,	ferritin	500	ng/mL,	and
TSAT	20	percent.

QUESTION

Based	on	the	NCCN	guidelines,	how	should	the	management	be	changed	for	this
patient’s	CIA?

Answer:
The	 rise	 in	 Hb	 <1	 g/dL	 over	 6	 weeks	 since	 the	 patient	 started	 ESA	 therapy
indicates	 that	 the	 dose	 of	 darbepoetin	 should	 be	 titrated	 up	 to	 150	 mcg	 once
weekly.31	 Also,	 addition	 of	 IV	 iron	 supplementation	 to	 ESA	 therapy	 is
recommended	for	low	iron.31

CASE	4:	ESA	AND	ONCOLOGY
The	patient,	JP,	is	a	35-year-old	male	who	was	diagnosed	with	Stage	III	NSCLC
six	months	ago.	He	presented	to	the	clinic	to	receive	his	 fifth	cycle	of	adjuvant
chemotherapy	 regimen.	 The	 patient	 complains	 of	 shortness	 of	 breath	 and
hypotension	upon	standing	up.	Today’s	blood	test	shows	Hb	of	9	g/dL.

QUESTION
Based	on	the	NCCN	guidelines,	is	ESA	therapy	indicated	for	JP?



Answer
For	 CIA,	 ESA	 therapy	 is	 not	 indicated	 in	 curative	 setting.	 A	 number	 of
randomized	 trials	 have	 been	 shown	 that	 the	 use	 of	 ESA	 in	 cancer	 patients
increase	the	risk	of	thromboembolism	and	tumor	progression	or	recurrence,	and
also	shortened	overall	survival.19,20,31

Five	years	 later,	 the	patient’s	 tumor	has	metastasized	to	 the	liver	and	bones.
The	patient	presents	 to	 the	clinic	 for	a	second	cycle	of	chemotherapy	regimen.
Hb	is	11	g/dL.

QUESTION

Based	on	the	NCCN	guidelines,	should	ESA	be	offered	to	JP?

Answer:
The	NCCN	guideline	does	not	recommend	initiating	ESA	therapy	for	CIA	if	the
Hb	 is	 10	 or	 higher.19,20,31	 For	 CIA,	 ESA	 therapy	 should	 only	 be	 offered	 to
patients	whose	Hb	<10	g/dL	and	lowest	possible	dose	of	ESA	should	be	used	to
avoid	blood	transfusion.	ESA	therapy	should	not	be	offered	to	a	patient	who	is
receiving	concomitant	chemotherapy	with	curative	intent.
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OVERVIEW	OF	INTRAVENOUS	DIRECT
THROMBIN	INHIBITORS

Intravenous	 (IV)	 direct	 thrombin	 inhibitors	 (DTIs),	 including	 argatroban,
bivalirudin,	and	lepirudin	have	been	developed	and	evaluated	for	 the	 treatment
of	 heparin-induced	 thrombocytopenia	 (HIT),	 acute	 coronary	 syndrome	 (ACS),
percutaneous	coronary	intervention	(PCI),	and	venous	thromboembolism	(VTE).
DTIs	 exert	 their	 anticoagulant	 effect	 by	 binding	 directly	 to	 thrombin,	 thereby
inhibiting	 both	 soluble	 and	 fibrin-bound	 thrombin.1	 The	 direct	 binding	 to
thrombin	 produces	 an	 anticoagulant	 effect	 independent	 of	 antithrombin	 (AT)
activity.	 The	 ability	 to	 bind	 to	 fibrin-bound	 thrombin	 may	 be	 particularly
advantageous	 in	 the	 setting	 of	 an	 active	 clot,	 such	 as	 a	 coronary	 thrombosis,
because	fibrin-bound	thrombin	can	stimulate	further	clotting	activity.	In	addition,
compared	 to	 heparin-based	 regimens,	 DTIs	 may	 offer	 a	 more	 predictable
anticoagulant	 effect	 due	 to	 their	 lack	 of	 binding	 to	 other	 plasma	 proteins.
Furthermore,	DTIs	are	a	mainstay	therapy	in	patients	with	HIT	because	they	are
not	associated	with	immune-mediated	thrombocytopenia.

DTIs	were	 developed	 after	 the	 discovery	of	 hirudin,	 a	 peptide	 first	 isolated
from	 the	 salivary	 glands	 of	medicinal	 leeches.2,3	 Currently,	 three	 IV	DTIs	 are
approved	 for	 use	 in	 North	 America:	 argatroban,	 bivalirudin,	 and	 lepirudin.
However,	 as	 of	 May	 31,	 2012,	 the	 manufacturer	 of	 lepirudin	 discontinued
production	and	distribution	of	lepirudin.4	At	the	time	of	writing	this	chapter,	no
other	 manufacturers	 were	 producing	 lepirudin;	 therefore,	 its	 current	 use	 in
practice	is	limited	and	will	likely	cease	once	supply	is	exhausted.



PHARMACOKINETICS

ARGATROBAN
Argatroban	is	a	small	(molecular	weight	500	kDa)	synthetic	DTI	administered	as
a	continuous	IV	infusion	due	to	its	limited	bioavailability	if	administered	orally.5
Upon	 initiation	 of	 an	 infusion,	 anticoagulant	 effect	 is	 seen	 immediately.	 The
volume	 of	 distribution	 is	 approximately	 174–180	mL/kg,	with	 protein	 binding
observed	at	20	percent	and	35	percent	to	albumin	and	alpha-1-acid	glycoprotein,
respectively.	Argatroban	 is	 hepatically	 cleared	primarily	 via	 hydroxylation	 and
aromatization	 of	 the	 3-methyltetrahydroquino-line	 ring.	 Minor	 metabolism	 to
four	 known	 metabolites	 through	 cytochrome	 (CYP)-450	 3A4/5	 has	 been
observed.	 Plasma	 concentration	 of	metabolite	M1	 is	 0–20	 percent	 parent	 drug
concentration,	 and	 this	 metabolite	 has	 a	 pharmacodynamics	 effect	 three–five
times	weaker	than	argatroban.	Metabolites	M2	to	M4	are	found	in	low	quantities
and	 are	 pharmacodynamically	 inactive.	Total	 clearance	 ranges	 from	4.7	 to	 5.1
mL/kg/min	at	doses	up	to	40	mcg/kg/min,	but	such	clearance	is	reduced	to	1.9
mL/kg/min	 in	 hepatic	 impairment.	 The	 elimination	 half-life	 of	 argatroban	 is
approximately	 39–51	 minutes	 but	 extends	 to	 181	 minutes	 in	 patients	 with
hepatic	 dysfunction	 (defined	 as	 Child-Pugh	 score	 >6).	 Therefore,	 dose
adjustment	 and	 close	 monitoring	 in	 patients	 with	 hepatic	 impairment	 are
essential.	 Approximately	 20	 percent	 of	 argatroban	 is	 removed	 through
hemodialysis.

BIVALIRUDIN
Bivalirudin	 is	 a	 20-amino-acid	 semisynthetic	 polypeptide	 analog	 of	 hirudin
administered	 as	 a	 continuous	 IV	 infusion.6	 Although	 not	 usually	 administered
subcutaneously,	 the	 bioavailability	 of	 bivalirudin	 is	 approximately	 40	 percent
when	given	in	this	manner.	When	administered	as	an	IV	infusion,	bivalirudin	is
also	 relatively	 rapid	 acting	 with	 anticoagulant	 effects	 seen	 immediately	 upon
therapy	initiation.	The	volume	of	distribution	is	approximately	200	mL/kg.	Other
than	 thrombin,	 bivalirudin	 does	 not	 bind	 to	 any	 other	 proteins	 in	 the	 plasma.
Bivalirudin	 is	 cleared	 renally	 and	 through	 plasma	 esterase.	 Approximately	 20
percent	 of	 bivalirudin	 is	 eliminated	 unchanged	 in	 the	 urine.	 Most	 of	 this
elimination	 (70%)	 is	 observed	 within	 2	 hours	 after	 IV	 administration.	 The
remaining	clearance	occurs	through	proteolytic	cleavage	in	the	plasma.	Overall
drug	clearance	decreases	as	glomerular	filtration	rate	(GFR)	decreases.	Observed



clearance	 rates	 are	 3.4	 mL/min/kg,	 2.7	 mL/min/kg,	 2.8	 mL/min/kg,	 and	 1
mL/min/kg	 for	 patients	 with	 GFR	 of	 >60	 mL/min,	 30–59	 mL/min,	 10–29
mL/min,	and	dialysis-dependent	off	dialysis,	respectively.	These	clearance	rates
correlate	with	an	elimination	half-life	of	approximately	25	minutes,	22	minutes,
34	minutes,	 and	 57	minutes.	 In	 dialysis-dependent	 patients,	 the	 observed	 half-
life	 is	 approximately	 3.5	 hours	 as	 approximately	 25	 percent	 of	 bivalirudin	 is
cleared	through	hemodialysis.

LEPIRUDIN
Lepirudin	is	typically	administered	as	a	continuous	IV	infusion,	but	when	given
subcutaneously,	 the	 bioavailability	 is	 near	 100	 percent.7	 The	 exact	 volume	 of
distribution	is	not	well-quantified,	but	it	is	known	to	distribute	into	extracellular
fluids.	 Approximately	 35	 percent	 of	 lepirudin	 is	 excreted	 in	 the	 urine	 as
unchanged	 drug.	 Clearance	 in	 healthy	 patients	 is	 approximately	 174	 mL/min
compared	 to	 2.7	 mL/min	 in	 patients	 undergoing	 hemodialysis.	 Notably,	 total
body	clearance	is	also	dependent	on	gender	and	age,	with	clearance	reduced	by
25	 percent	 in	 women	 and	 20–25	 percent	 in	 elderly.	 The	 elimination	 half-life
ranges	 0.8–2	 hours	 in	 patients	 with	 normal	 renal	 function,	 but	 can	 be	 as
prolonged	 as	 107	 hours	 in	 severe	 renal	 insufficiency.	 Lepirudin	 is	 cleared
through	 high-flux	 dialyzers,	 and	 dialysis	 has	 been	 successfully	 used	 to	 reduce
concentrations	to	therapeutic	levels	in	cases	of	excessive	dosing.

DOSING

ARGATROBAN

Argatroban	 is	 mainly	 used	 in	 the	 treatment	 and	 prevention	 of	 thrombosis	 in
patients	 with	 HIT,	 but	 it	 is	 also	 less	 commonly	 used	 in	 PCI	 and	 coronary
thrombosis.5	 In	 the	 prophylaxis	 and	 treatment	 of	 HIT	 with	 or	 without
thrombosis,	 the	 American	 College	 of	 Chest	 Physicians	 (ACCP)	 guidelines
recommend	 an	 initial	 infusion	 rate	 of	 1–2	mcg/kg/min	 adjusted	 to	maintain	 a
steady-state	activated	partial	prothrombin	time	(aPTT)	of	1.5–3	times	the	initial
baseline	 value.5,8	 Institution-specific	 protocols	 often	 vary	 in	 their	 titration
recommendations	but,	in	general,	the	aPTT	is	checked	2	hours	after	initiation	or
any	rate	change.	If	the	aPTT	is	below	goal	range,	a	20	percent	increase	in	rate	is
recommended	 whereas	 if	 the	 aPTT	 is	 above	 range,	 the	 infusion	 is	 held	 for	 2



hours	 before	 resuming	 at	 50	 percent	 lower	 rate.	 If	 the	 aPTT	 is	 significantly
elevated	 (e.g.,	 >150	 seconds),	 it	 is	 appropriate	 to	 repeat	 the	 aPTT	 to	 ensure
adequate	 decrease	 before	 resuming	 therapy	 at	 a	 reduced	 rate.	 Due	 to	 reduced
clearance	in	patients	with	hepatic	disease,	the	recommended	initial	dosage	is	0.5
mcg/kg/min	with	titration	to	an	aPTT	1.5–3	times	the	initial	baseline.	It	has	also
been	observed	 that	critically	 ill	patients,	with	and	without	hepatic	dysfunction,
have	an	impaired	clearance	of	argatroban.	In	a	study	of	critically	ill	patients,	an
argatroban	dosing	nomogram	was	developed	and	evaluated	for	ability	to	achieve
and	 maintain	 goal	 therapeutic	 aPTT	 ranges.9	 In	 this	 study,	 the	 time	 to
stabilization	of	aPTTs	was	27	hours	using	an	initial	dose	of	0.5	mcg/kg/min	and
titrating	to	a	goal	aPTT	range	of	45–90	seconds.	In	the	critically	ill	population,
the	aPTT	was	checked	at	4	hours	after	 initiation	and	each	dose	adjustment,	an
increase	 from	 the	usual	2	hours	 in	healthy	patients.	Therefore,	 it	 is	 reasonable
and	highly	recommended	to	start	at	a	reduced	dose	(~25%	usual	dose	for	healthy
patients)	in	patients	with	critical	illness	and/or	hepatic	impairment.	Empiric	dose
adjustments	 are	 not	 necessary	 in	 noncritically	 ill	 patients	 with	 isolated	 renal
impairment.	Observational	data	suggest	 that	no	dose	adjustment	 is	 required	for
obese	patients	(body	mass	index	up	to	51	kg/m2);	therefore,	argatroban	should	be
dosed	using	actual	body	weight.10

Although	 less	 commonly	 used	 compared	 to	 bivalirudin,	 argatroban	 is
sometimes	 used	 in	 the	 treatment	 of	 coronary	 artery	 thrombosis	 or	 in	 patients
undergoing	PCI,	especially	in	patients	identified	to	have	or	be	at	risk	for	HIT.	In
PCI,	argatroban	is	administered	with	an	initial	bolus	of	350	mcg/kg	given	over
3–5	 minutes,	 followed	 by	 a	 continuous	 infusion	 ranging	 15–30	 mcg/kg/min,
usually	 titrated	 to	 a	 goal-activated	 clotting	 time	 (ACT).5	 Infusion	 rates	 higher
than	40	mcg/kg/min	are	usually	 reserved	 for	patients	with	 thrombus	 formation
during	procedure,	dissection,	or	impending	abrupt	closure.

If	administered	 for	 the	medical	 treatment	of	an	acute	myocardial	 infarction,
the	 recommended	 dose	 of	 argatroban	 is	 100	 mcg/kg	 bolus	 over	 1	 minute
followed	by	a	continuous	infusion	of	1–3	mcg/kg/min	titrated	to	a	goal	aPTT	of
50–85	seconds.11

BIVALIRUDIN
Bivalirudin	is	used	in	patients	undergoing	PCI	for	unstable	angina	or	acute	MI
and	 in	 patients	with	HIT	who	 require	 PCI.6	When	 used	 in	 PCI,	 bivalirudin	 is
typically	initiated	with	a	0.75	mg	bolus	dose	followed	by	a	continuous	infusion
of	 1.75	 mg/kg/hr.12	 The	 infusion	 can	 be	 maintained	 for	 the	 duration	 of	 the



procedure	 and	 titrated	 as	 needed	 to	 a	 goal	ACT.	 If	 used	 as	 adjunct	 therapy	 in
patients	 receiving	 thrombolytics,	 an	 infusion	 of	 0.5	mg/kg/hr	with	 subsequent
decrease	 to	 0.1	 mg/kg/hr	 after	 12	 hours	 has	 been	 used	 with	 success.13	 Dose
reduction	is	recommended	for	patients	with	renal	insufficiency.6	In	patients	with
a	 creatinine	 clearance	 of	 30–59	mL/minute,	 the	 bolus	 dose	 should	 be	 omitted
and	an	infusion	at	1.75	mg/kg/hr	should	be	given.	If	 the	creatinine	clearance	is
less	than	30	mL/min,	then	the	bolus	dose	is	omitted	and	the	initial	infusion	rate
is	 reduced	 to	 1	 mg/kg/hr.	 Finally,	 in	 hemodialysis	 patients,	 the	 recommended
infusion	rate	is	0.25	mg/kg/hr.

Although	 bivalirudin	 is	 not	 FDA-approved	 for	 the	 treatment	 of	HIT,	 it	 has
been	utilized	in	the	setting	of	HIT	with	or	without	thrombosis.	ACCP	guidelines
recommend	 use	 of	 bivalirudin	 in	 patients	 with	 HIT	 if	 they	 require	 cardiac
surgery	intervention.8	 In	addition,	due	 to	 limitations	with	argatroban	as	well	as
evidence	 suggesting	equal	 effectiveness,14	 bivalirudin	 is	 frequently	used	 in	 the
management	 of	 HIT	 in	 noncardiac	 surgery	 patients	 as	 well.	 In	 this	 setting,
bivalirudin	 is	 initiated	 as	 a	 continuous	 infusion	 rate	 of	 0.15–0.2	mg/kg/hr	 and
titrated	to	a	goal	aPTT	1.5–2.5	times	the	baseline.8	The	aPTT	can	be	checked	2
hours	after	 initiation	and	any	subsequent	dose	adjustment.	Like	other	IV	DTIs,
titration	 of	 bivalirudin	 varies	 by	 institution-specific	 protocols	 and	 clinical
practice,	but	 in	general,	when	 the	aPTT	 is	 less	 than	goal	 range,	 the	 infusion	 is
increased	by	20	percent.	If	the	aPTT	is	elevated,	the	infusion	is	held	for	2	hours
before	 resuming	 at	 50	 percent	 infusion	 rate.	 In	 addition,	 several	 studies	 have
demonstrated	a	reduced	dose	requirement	in	patients	with	renal	insufficiency.15-
17	 The	 average	 dose	 required	 for	 creatinine	 clearance	 of	 >60	 mL/min,	 30–60
mL/min,	and	<30	mL/min	was	0.13,	0.08,	and	0.05	mg/kg/hr,	respectively.16	In
addition,	 intermittent	 hemodialysis,	 sustained	 low-efficiency	daily	 diafiltration,
and	continuous	renal	replacement	therapy	patients	required	0.07,	0.09,	and	0.07
mg/kg/hr,	 respectively.	 Therefore,	 empiric	 dose	 reduction	 should	 be	 strongly
considered	 in	 this	 population.	 Furthermore,	 in	 critically	 ill	 patients	 with	 and
without	 renal	 impairment,	 similar	 dose	 reductions	 are	 recommended.
Observational	data	suggest	bivalirudin	can	be	safely	initiated	at	0.14	mg/kg/hr	in
critically	 ill	 patients	 with	 isolated	 hepatic	 impairment,	 0.03–0.05	 mg/kg/hr	 in
those	 with	 renal	 or	 combined	 hepatic	 and	 renal	 impairment,	 and	 0.03–0.04
mg/kg/hr	 in	patients	 receiving	 continuous	 renal	 replacement	 therapy.18	 Finally,
bivalirudin	should	be	dosed	on	actual	body	weight,	even	in	obese	individuals.	In
a	 retrospective	 review	of	 135	patients	 treated	with	 bivalirudin	 for	HIT,	 dosing
with	 actual	 body	 weight	 was	 not	 associated	 with	 reduced	 effectiveness	 or
increased	 adverse	 event	 rates	 in	 an	 obese	 population	 (body	 mass	 index	 >30



kg/m2).19

Bivalirudin	has	been	administered	subcutaneously	for	the	prevention	of	DVT
in	orthopedic	surgery	patients	who	have	undergone	major	hip	or	knee	surgery.20
In	 this	 setting,	 bivalirudin	 1	 mg/kg	 subcutaneously	 every	 8	 hours	 was	 more
effective	than	lower	doses	(0.3–1	mg/kg	every	12	hours).

LEPIRUDIN
When	 lepirudin	was	 available,	 it	was	 primarily	 used	 for	 the	 treatment	 of	HIT
with	 or	 without	 thrombosis.	 According	 to	 the	 ACCP	 guidelines,	 the	 initial
recommended	infusion	rate	is	0.15	mg/kg/hr	with	an	optional	initial	bolus	dose
of	0.4	mg/kg	in	the	case	of	perceived	life-threatening	thrombosis.21	A	lepirudin
infusion	 is	 normally	 adjusted	 to	 achieve	 a	 target	 range	 of	 aPTT	 1.5–2.5	 times
higher	 than	 baseline.8	 In	 patients	 with	 renal	 failure,	 ACCP	 guidelines
recommend	initiating	the	infusion	at	a	rate	based	on	the	serum	creatinine	value.
For	a	serum	creatinine	of	<1.02	mg/dL,	1.02–1.58	mg/dL,	1.58–4.42	mg/dL,	and
>4.52	 mg/dL,	 the	 recommended	 initial	 rate	 is	 0.1,	 0.05,	 0.01,	 and	 0.005
mg/kg/hr,	 respectively.	 Furthermore,	 in	 a	 small	 study	 of	 10	 patients	 receiving
lepirudin	during	hemodialysis,	doses	ranged	from	0.008	to	0.125	mg/kg/hr.22

In	rare	clinical	scenarios,	lepirudin	has	been	administered	subcutaneously	for
the	treatment	of	VTE.	When	administered	in	this	fashion,	a	dose	of	1.25	mg/kg
given	subcutaneously	twice	daily	into	the	abdominal	wall	was	found	to	be	safe
and	effective.23

MONITORING

Although	 IV	DTIs	 affect	 prothrombin	 time	 (PT),	 the	 aPTT	 is	 used	 to	monitor
response	 to	 DTI	 therapy.	 The	 aPTT	 is	 prolonged	 during	 DTI	 therapy	 since
thrombin	 inhibition	 leads	 to	a	decrease	 in	platelet	 activation	and	other	clotting
factors	 activated	 by	 thrombin.	 Infusions	 of	 IV	DTIs	 are	 normally	 titrated	 to	 a
goal	aPTT	range	above	baseline	(usually	1.5–2.5	times).	It	 is	 important	to	note
that	 the	 dose-response	 relationship	 is	 not	 linear,	 as	 a	 plateau	 of	 the	 aPTT	 is
sometimes	observed	at	higher	doses	of	the	DTIs.	In	addition,	the	commercially
available	aPTT	reagents	will	vary	 in	 their	sensitivities	 to	each	DTI.	The	ecarin
clotting	time	(ECT)	yields	a	more	linear	dose-response	relationship,	but	this	test
is	 not	 widely	 available,	 nor	 has	 it	 been	 consistently	 studied	 in	 clinical	 trials.



Furthermore,	 all	 IV	 DTIs	 affect	 the	 international	 normalized	 ratio	 (INR)	 to	 a
variable	 extent	 specific	 to	 the	 DTI.	 At	 therapeutic	 doses,	 argatroban	 has	 the
greatest	 effect	 on	 the	 INR.	 For	 patients	 transitioning	 to	 vitamin	 K	 antagonist
therapy,	 it	 is	 recommended	 to	 continue	 overlap	 until	 the	 INR	 is	 4	 before
discontinuing	 the	 argatroban	 infusion.5	 Once	 the	 infusion	 is	 stopped,	 a	 repeat
INR	 in	 4–6	 hours	 should	 be	 checked	 to	 assess	 the	 INR	 when	 therapeutic
concentrations	of	argatroban	are	no	 longer	present.	Alternatively,	 some	centers
utilize	testing	of	the	factor	X	levels	during	anticoagulation	bridging.	If	the	factor
X	 level	 is	 <45	percent,	 the	 INR	value	 is	more	 likely	 to	 remain	 above	 2	when
argatroban	has	been	fully	eliminated.

ADVERSE	EFFECTS

The	most	 common	 adverse	 effects	 reported	with	 all	 IV	DTIs	 are	 hemorrhagic
complications.	 The	 risk	 of	 any	 major	 bleeding	 complication	 associated	 with
intravenous	DTIs	was	 observed	 in	 clinical	 trials	 to	 vary	 from	1–11	 percent.5-7
These	 complications	 include	 events	 such	 as	 major	 and	 minor	 gastrointestinal
bleeding,	 retroperitoneal	 bleeding,	 and	 intracranial	 hemorrhage.	 In	 a
retrospective	 analysis,	 bleeding	 risk	 factors	 associated	with	 argatroban	 therapy
included	major	 surgery	prior	 to	or	during	 therapy,	dosing	weight	>90	kg,	 total
bilirubin	>3	mg/dL,	and	baseline	platelets	≤70,000	per	mL.24

In	 addition	 to	 bleeding,	 lepirudin	 is	 also	 associated	 with	 antibody
development	 during	 therapy.7	 Formation	 of	 antihirudin	 antibodies	 occurs	 in
approximately	 40–70	 percent	 of	 patients	 who	 receive	 lepirudin	 for	 HIT.	 The
antibody-lepirudin	complexes	can	alter	the	pharmacokinetics	of	the	drug,	usually
resulting	 in	 prolonged	 clearance	 of	 lepirudin.	 This	 impaired	 elimination	 may
enhance	 the	 anticoagulant	 effect.	 In	 a	 prospective	 evaluation	 of	 patients	 with
HIT	 treated	 with	 lepirudin,	 the	 development	 of	 antibodies	 was	 dependent	 on
duration	 of	 treatment	 and	 was	 associated	 with	 enhanced	 anticoagulant	 effect,
although	no	difference	was	noted	in	rates	of	major	bleeds.25

REVERSAL	OF	ANTICOAGULANT	EFFECT	OF
INTRAVENOUS	DTI



No	specific	antidote	exists	 for	 the	 reversal	of	 IV	DTIs.	Fortunately,	due	 to	 the
relatively	short	half-lives	of	the	available	agents,	ceasing	the	infusion	results	in
fairly	 rapid	 termination	 of	 the	 anticoagulant	 effects.	 Therefore,	 if	 an	 adverse
effect	 such	 as	 bleeding	 occurs,	 it	 is	 recommended	 to	 stop	 the	 infusion	 and
maintain	supportive	care	with	blood	products	as	needed.	In	addition,	it	has	been
demonstrated	 in	 several	 case	 reports	 that	 administration	 of	 recombinant	 factor
VIIa	 (rVIIa)	 as	 salvage	 therapy	 can	 reverse	 the	 anticoagulant	 activity	 of	 IV
DTIs.26,27	 The	 risks	 of	 thrombosis	 with	 administration	 of	 rVIIa	 must	 be
considered	in	the	individual	patient.

OVERVIEW	OF	ORAL	DIRECT	THROMBIN
INHIBITORS

Although	vitamin	K	antagonists	and	heparins	have	been	the	mainstay	therapy	for
anticoagulation	 in	 atrial	 fibrillation	 and	 prevention	 or	 treatment	 of	 VTE,	 they
have	 several	 limitations.	 Administration	 of	 heparins	 is	 limited	 to	 IV	 or
subcutaneous	routes,	which	can	be	difficult	for	compliance	and	patient	mobility.
Furthermore,	 warfarin	 requires	 frequent	 monitoring	 because	 it	 has	 a	 narrow
therapeutic	index	and	is	associated	with	many	drug	and	food	interactions.	As	a
result,	 research	 efforts	 have	 focused	 on	 developing	 orally	 bioavailable
anticoagulants	 that	 require	 less	 frequent	monitoring.	Ximelagatran	was	 one	 of
the	 first	 oral	 DTIs	 to	 be	 approved	 for	 use	 in	 Europe,	 but	 was	 eventually
voluntarily	 withdrawn	 from	 the	 market	 due	 to	 associated	 risk	 of	 severe	 liver
toxicity.28	In	the	United	States,	dabigatran	etexilate	is	the	first	and	only	currently
available	 oral	 DTI.	 It	 is	 currently	 FDA-approved	 for	 stroke	 prevention	 in
nonvalvular	atrial	 fibrillation	and	 for	 the	 treatment	and	prevention	of	 recurrent
VTE.29

PHARMACOKINETICS

After	oral	administration,	dabigatran	has	a	bioavailability	of	approximately	3–7
percent.29	 Dabigatran	 is	 supplied	 in	 a	 capsule	 form	 that	 contains	 dabigatran
etexilate	mesylate	pellets.	After	absorption,	these	pellets	are	hydrolyzed	to	form
dabigatran,	 the	 active	 moiety.	 Notably,	 the	 bioavailability	 increases	 by	 75
percent	if	the	capsule	is	opened	or	tampered	with.	Therefore,	dabigatran	capsules



should	 not	 be	 opened,	 chewed,	 crushed,	 or	 broken	 prior	 to	 administration.
Dabigatran	 absorption	 is	 delayed	 if	 taken	with	 food,	 but	 the	 overall	 extent	 of
absorption	or	bioavailability	remains	unchanged.30	Dabigatran	is	approximately
35	percent	bound	to	plasma	protein	and	has	an	associated	volume	of	distribution
of	50–70	L.29	Dabigatran	is	not	metabolized	by	cytochrome	P-450	enzymes	and
also	does	not	induce	or	inhibit	their	activity.	A	small	percentage	of	dabigatran	is
subject	to	glucuronidation.	Four	different	active	acyl	glucuronide	metabolites	are
formed,	each	accounting	for	less	than	10	percent	of	total	plasma	concentrations
of	 dabigatran.	 Renal	 elimination	 accounts	 for	 approximately	 80	 percent	 of
overall	dabigatran	clearance.	In	healthy	individuals	with	normal	renal	function,
the	 elimination	 half-life	 of	 dabigatran	 is	 12–17	 hours.31	 In	 an	 open-label
pharmacokinetic	study,	following	a	single	dose	of	150	mg,	 the	dabigatran	half-
life	increased	in	mild	renal	impairment	(creatinine	clearance	50–80	mL/min)	to
16.6	hours,	 in	moderate	renal	 impairment	(creatinine	clearance	30–50	mL/min)
to	18.7	hours,	in	severe	renal	impairment	(creatinine	clearance	<30	mL/min)	to
27.5	 hours,	 and	 in	 hemodialysis	 to	 34.1	 hours.32	 After	 a	 single	 dose,	 it	 was
observed	that	dabigatran	is	cleared	up	to	68	percent	by	hemodialysis.	In	a	case
report	 of	 a	 patient	 who	 was	 taking	 dabigatran	 chronically	 prior	 to	 a	 cardiac
surgery,	 a	 session	 of	 preoperative	 hemodialysis	 for	 2.5	 hours	 successfully
reduced	 the	 thrombin	 time	 (TT)	 from	90.6	 seconds	 to	60.2	 seconds.33	Surgery
was	completed	without	complication.

DOSING

Dabigatran	 is	 FDA-approved	 for	 the	 prevention	 of	 stroke	 in	 patients	 with
nonvalvular	atrial	fibrillation	based	on	the	results	of	the	Randomized	Evaluation
of	 Long-Term	Anticoagulant	 Therapy	 (RE-LY)	 trial.34	 For	 this	 indication,	 the
recommended	dose	 is	 150	mg	 twice	 daily,	 a	 dose	 associated	with	 relative	 risk
reduction	 in	 developing	 a	 stroke	 or	 systemic	 embolism	 compared	 to	warfarin.
For	patients	with	a	creatinine	clearance	of	15–30	mL/min	or	patients	 receiving
concomitant	 P-glycoprotein	 inhibitors	 such	 as	 dronedarone	 or	 systemic
ketoconazole,	the	dose	should	be	reduced	to	75	mg	twice	daily.29	Dabigatran	use
should	be	avoided	in	patients	with	a	creatinine	clearance	less	than	15	mL/min	or
in	patients	with	a	creatinine	clearance	of	15–30	mL/min	who	are	also	receiving
concomitant	P-glycoprotein	inhibitors.

The	most	recent	ACCP	guidelines	do	not	recommend	oral	DTI	or	factor	Xa



inhibitor	 therapy	 over	 warfarin	 or	 low-molecular-weight	 heparin	 for	 the
treatment	 of	 VTE.35	 Dabigatran	 is	 FDA	 approved	 for	 the	 treatment	 and
prevention	 of	 recurrent	VTE.	 In	 the	RE-COVER	 trial,	 dabigatran	 at	 a	 dose	 of
150	mg	 twice	 daily	was	 noninferior	 to	warfarin	 in	 the	 rate	 of	VTE	 and	VTE-
related	death	in	patients	who	had	an	acute,	symptomatic	deep	vein	thrombosis	or
pulmonary	embolism.36

Finally,	 dabigatran	 has	 also	 been	 evaluated	 for	 the	 prevention	 of	 VTE	 in
orthopedic	patients	who	have	undergone	a	major	hip	or	knee	surgery.	In	the	RE-
MOBILIZE	and	RE-MODEL	trials,	dabigatran	was	compared	 to	enoxaparin	 in
patients	who	had	undergone	 total	 knee	 replacements	while	 in	 the	RENOVATE
and	 RENOVATE-II	 trials,	 patients	 had	 undergone	 total	 hip	 replacements.37-40
Dabigatran	 demonstrated	 noninferiority	 to	 enoxaparin	 in	 RE-MODEL,
RENOVATE,	and	RENOVATE-II,	but	failed	to	demonstrate	noninferiority	in	the
RE-MOBILIZE	trial.	Notably,	the	dose	of	dabigatran	utilized	in	these	trials	was
220	mg	once	daily,	a	dosage	form	not	currently	available	for	use	in	the	United
States.

DOSING	WHILE	TRANSITIONING	TO	OR	FROM	OTHER
ANTICOAGULANTS
When	converting	to	dabigatran	from	warfarin,	it	is	recommended	to	discontinue
warfarin	 and	 initiate	 dabigatran	 therapy	 when	 the	 INR	 is	 less	 than	 2.29	 If
converting	from	dabigatran	to	warfarin,	recommendations	differ	based	on	renal
function.	 For	 a	 patient	with	 a	 creatinine	 clearance	 of	 greater	 than	 50	mL/min,
30–50	 mL/min,	 and	 15–30	 mL/min,	 warfarin	 should	 be	 initiated	 3,	 2,	 and	 1
day(s)	 prior	 to	 stopping	 dabigatran,	 respectively.	 It	 is	 important	 to	 note	 that
because	dabigatran	can	sometimes	contribute	to	an	elevated	INR,	the	INR	in	the
first	2	days	after	discontinuation	of	dabigatran	may	not	be	due	to	the	effects	of
warfarin	alone.

When	converting	 to	dabigatran	from	a	parenteral	anticoagulant,	 initiation	of
dabigatran	 therapy	 should	 occur	 at	 the	 time	 of	 the	 next	 scheduled	 dose	 of	 the
parenteral	 anticoagulant	 or	 as	 soon	 as	 the	 continuous	 infusion	 is	 stopped.29	 If
converting	 from	dabigatran	 to	a	parenteral	anticoagulant,	 it	 is	 recommended	 to
initiate	 the	 parenteral	 anticoagulant	 12	 hours	 after	 the	 last	 dabigatran	 dose	 in
patients	with	a	creatinine	clearance	greater	 than	30	mL/min	and	24	hours	after
the	last	dose	if	the	creatinine	clearance	is	less	than	30	mL/min.

In	 the	 perioperative	 period,	 dabigatran	 discontinuation	 is	 based	 on	 renal



function	 and	 bleeding	 risk	 of	 the	 procedure.29	 If	 the	 creatinine	 clearance	 is
greater	 than	50	mL/min,	dabigatran	should	be	discontinued	2–4	days	prior	 to	a
high	bleed	risk	procedure	and	1	day	prior	to	a	standard	bleed	risk	procedure.	If
the	 creatinine	 clearance	 is	 30–50	 mL/min,	 the	 recommended	 timing	 of
discontinuation	 extends	 to	 4	 and	2	 days,	 respectively.	Finally,	 if	 the	 creatinine
clearance	is	less	than	30	mL/min,	dabigatran	should	be	stopped	6	days	before	a
high	bleed	risk	procedure	and	2–5	days	before	a	standard	bleed	risk	procedure.41

MONITORING

Prior	 to	 initiation	 and	 periodically	 during	 treatment	 with	 dabigatran,	 renal
function	 must	 be	 assessed	 in	 order	 to	 guide	 dosing.	 Although	 no	 specific
frequency	recommendation	exists,	it	is	essential	to	check	renal	function	prior	to
initiation	and	elective	surgery	as	well	as	during	situations	where	renal	function
may	have	declined,	such	as	acute	illness.	In	contrast	to	warfarin	therapy,	routine
monitoring	for	extent	of	anticoagulant	effect	is	not	required	with	dabigatran	use.
However,	if	needed,	the	ACCP	guidelines	recommend	aPTT	and	thrombin	time
(TT)	 tests	 to	 assess	 level	 of	 anticoagulation	 associated	 with	 dabigatran	 in
patients	experiencing	bleeding	or	requiring	invasive	procedures.42	The	aPTT	can
be	 prolonged	with	 dabigatran	 use,	 but	 the	 relationship	 between	 the	 aPTT	 and
dabigatran	 plasma	 concentrations	 is	 curvilinear.31,43	 As	 such,	 at	 higher
concentrations	 of	 dabigatran,	 the	 aPTT	 flattens	 rather	 than	 increasing
proportionately.	The	TT	is	a	direct	measure	of	DTI	activity	and	correlates	with
dabigatran	 plasma	 concentrations	 in	 a	 linear	 fashion.	 However,	 the	 TT	 assay
may	not	be	useful	in	emergency	scenarios	if	excessive	dabigatran	concentrations
are	suspected	because	the	maximum	measurement	of	the	test	can	be	exceeded	by
dabigatran	 concentrations	 of	 greater	 than	 600	 ng/mL.	 Therefore,	 TT	 assay	 is
useful	 to	detect	presence	of	any	concentration	of	dabigatran.	Finally,	similar	 to
IV	DTIs,	the	ECT	assay	is	prolonged	in	a	linear	correlation	with	serum	plasma
levels	of	dabigatran.	Limitations	of	this	assay	include	availability	of	test	and	its
use	is	currently	limited	to	research	trials.

ADVERSE	EFFECTS
The	most	common	adverse	effects	associated	with	dabigatran	use	are	dyspepsia
and	bleeding	complications.29	In	clinical	trial,	rates	of	dyspepsia	were	found	to
be	 approximately	 11.8	 percent	 in	 patients	 taking	 150	 mg	 twice	 daily.34	 This



dosage	was	associated	with	a	relatively	higher	discontinuation	rate	compared	to
warfarin.	Hemorrhagic	complications	occurred	at	similar	rates	to	that	of	warfarin
in	 the	RE-LY	 trial.	Any	 type	 of	 bleeding	 occurred	 in	 16.6	 percent	 of	 patients,
while	major	bleeding	and	 life-threatening	bleeding	occurred	 in	3.3	percent	and
1.7	 percent,	 respectively.	 Patients	 identified	 to	 be	 at	 highest	 risk	 of	 bleeding
complications	 include	 those	 with	 renal	 impairment.	 A	 post-hoc	 analysis
demonstrated	a	significant	increase	in	major	bleeding	with	dabigatran	compared
to	warfarin	 (5.4%	vs	3.3%)	 in	patients	with	a	creatinine	clearance	 less	 than	50
mL/min.44

REVERSAL
Current	 ACCP	 guidelines	 do	 not	 provide	 a	 recommendation	 for	 reversal	 of
dabigatran,	 but	 do	 state	 that	 rVIIa	 and	 prothrombin	 complex	 concentration
(PCC)	 may	 be	 useful	 based	 on	 animal	 and	 in	 vitro	 models.42	 In	 addition,
hemodialysis	and	early	administration	of	activated	charcoal	may	have	a	role	 in
reducing	 systemic	 concentrations	 of	 dabigatran.	 Following	 dabigatran
administration	in	animals,	PCC	corrected	the	aPTT,	ECT,	and	TT	and	prevented
expansion	of	intracerebral	hemorrhage.45	However,	in	a	study	in	healthy	human
volunteers,	4-factor	PCC	did	not	reverse	the	effects	of	dabigatran.46	In	an	ex	vivo
study	 involving	 healthy	 volunteers,	 activated	 PCC	 (aPCC)	 corrected	 thrombin
generation	 parameters	 following	 a	 single	 dose	 of	 dabigatran.47	 Given	 limited
data,	it	is	reasonable	to	consider	PCC,	aPCC,	or	rVIIa	use	in	the	setting	of	a	life-
threatening	bleed	associated	with	dabigatran.

CASE	STUDIES

CASE	1:	SUSPECTED	HIT

KT	is	a	65-year-old	male	admitted	for	shortness	of	breath	and	right-sided	lower
extremity	 edema.	 Lower	 extremity	 Doppler	 ultrasonography	 imaging
demonstrates	 evidence	 of	 acute	 deep	 vein	 thrombosis,	 and	 pulmonary
angiography	 demonstrates	 acute	 pulmonary	 embolism.	 KT	 is	 admitted	 to	 a
general	medicine	 service	 initiated	 on	 a	 heparin	 infusion.	 Initial	 relevant	 labs:
SCr	 2.1,	 AST	 20,	 ALT	 19,	 INR	 1,	 PT	 12.2	 s,	 aPTT	 23	 s,	 platelet	 count	 is
305,000/m3.	Four	days	into	the	admission,	KT’s	platelet	count	has	decreased	to



94,000/m3	and	HIT	is	suspected.
Height	=	5′9″
Weight	=	82	kg

QUESTION	1

What	anticoagulation	therapy	should	KT	be	switched	to?

Answer:
KT’s	heparin	 therapy	should	be	discontinued	due	 to	 the	possibility	of	HIT.	As
alternate	anticoagulant	 therapy,	an	 intravenous	direct	 thrombin	 inhibitor	should
be	initiated.	In	KT’s	case,	argatroban	is	most	appropriate	since	his	liver	function
is	normal.	Bivalirudin	could	be	utilized;	however,	careful	adjustments	would	be
necessary	because	KT’s	kidney	function	is	impaired.

QUESTION	2

At	 what	 dose	 should	 the	 new	 anticoagulant	 be	 started?	 How	 should	 it	 be
monitored	and	adjusted?

Answer:
Argatroban	 therapy	 should	 be	 initiated	 at	 2	 mcg/kg/min	 (164	 mcg/min)	 and
titrated	to	a	goal	aPTT	of	1.5–3	times	the	baseline.	If	KT	were	more	critically	ill
or	 had	 impaired	 liver	 dysfunction,	 the	 initial	 dose	 should	 be	 reduced	 to	 0.5
mcg/kg/min	(41	mcg/min).	The	aPTT	can	checked	2	hours	after	initiation	or	any
rate	 change.	 Hospitals	 often	 have	 institution-specific	 protocols,	 such	 as	 the
following:



QUESTION	3

KT’s	 aPTT	 is	 checked	 2	 hours	 after	 starting	 new	 therapy,	 and	 it	 is	 24	 s.	How
should	the	infusion	be	adjusted?

Answer:
For	KT,	the	goal	aPTT	range	is	1.5–3	times	the	baseline,	or	34.5–72	s.	Because
the	 initial	 aPTT	 is	 below	 goal	 (and	 following	 the	 sample	 protocol	 given),	 the
infusion	 rate	 should	 be	 increased	 by	 20	 percent	 to	 2.4	 mcg/kg/min	 (196.8
mcg/min).	A	repeat	aPTT	should	be	checked	2	hours	after	the	rate	change.

CASE	2:	ARGATROBAN	BRIDGING	TO	WARFARIN
In	the	previous	case,	KT	is	diagnosed	with	HIT	based	on	positive	HIT	antibody
and	serotonin	release	assay	 tests.	KT	 is	maintained	on	 the	argatroban	 infusion



for	 anticoagulant	 therapy.	When	 preparing	 for	 discharge,	 warfarin	 therapy	 is
initiated	 at	 5	 mg	 daily.	 Pertinent	 labs	 the	 day	 warfarin	 therapy	 is	 initiated
include	INR	2.1,	PT	16.2	s,	aPTT	48	s.

QUESTION	4

How	 long	 should	warfarin	 and	 argatroban	 therapy	 be	 overlapped?	When	 can
argatroban	be	safely	discontinued?

Answer:
ACCP	guidelines	recommend	vitamin	K	antagonist	 therapy	be	overlapped	with
parenteral	anticoagulation	therapy	for	at	least	5	days	and	until	the	INR	is	>2.35	In
the	 case	 of	 overlapping	 warfarin	 with	 argatroban	 therapy,	 it	 is	 important	 to
recognize	that	argatroban	causes	an	elevation	in	the	INR.	Note	KT’s	INR	prior	to
starting	warfarin	therapy	is	2.1,	which	is	entirely	due	to	the	anticoagulant	effect
of	argatroban.	Warfarin	should	be	initiated	and	overlapped	for	at	least	5	days	and
argatroban	 can	 be	 discontinued	when	 the	 INR	 is	 >4.	 Upon	 discontinuation	 of
argatroban,	 it	 is	 recommended	 to	 repeat	 the	 INR	4–6	hours	 later	 to	 ensure	 the
INR	 is	within	goal	 range	 (2–3).	 If	 the	 repeat	 INR	 is	>2,	no	 further	 argatroban
therapy	is	needed,	but	if	it	is	<2,	argatroban	may	need	to	be	resumed.

CASE	3:	ARGATROBAN	DOSE	ADJUSTMENT/DOSE
ADJUSTMENT	FOR	ORGAN	DYSFUNCTION/CRITICALLY
ILL
AG	 is	a	57-year-old	male	with	a	history	of	 stroke-related	 to	atrial	 fibrillation,
coronary	artery	disease,	and	recent	HIT	with	associated	VTE.	He	is	admitted	to
the	intensive	care	unit	(ICU)	with	severe	pneumonia.	Warfarin	was	stopped	upon
hospital	 admission	 and	 not	 resumed	 due	 to	 planed	 tracheostomy	 placement
surgery.	 Two	 days	 after	 surgery,	 AG	 was	 still	 in	 the	 ICU	 and	 placed	 on	 an
argatroban	infusion	to	bridge	to	warfarin	therapy.	The	infusion	was	ordered	to
be	adjusted	to	an	aPTT	of	1.5–3	times	the	baseline.

Height	=	6′0″
Weight	=	77	kg



QUESTION	5

What	 dose	 of	 argatroban	 is	 recommended	 for	 this	 patient?	 How	 should
argatroban	be	monitored?

Answer:
This	patient	is	critically	ill	and	argatroban	dosing	requirements	have	been	shown
to	 be	 decreased	 in	 this	 population	 compared	 to	 noncritically	 ill	 patients.9	 The
initial	 dose	 of	 argatroban	 should	 be	 no	 greater	 than	 0.5	 mcg/kg/min	 with
monitoring	of	the	aPTT	4	hours	after	initiation	and	with	any	dosing	change.	In
critically	ill	patients	with	multiple	organ	dysfunction,	heart	failure,	anasarca,	or
postcardiac	 surgery,	 argatroban	 should	 be	 initiated	 at	 no	 greater	 than	 0.25
mcg/kg/min	 due	 to	 reports	 of	 extremely	 reduced	 dosage	 requirements	 in	 these
patients.

CASE	4:	BIVALIRUDIN	AND	RENAL	IMPAIRMENT
JS	 is	 a	 68-year-old	 female	 with	 a	 history	 of	 coronary	 artery	 disease,
hypertension,	 end-stage	 renal	 disease	 (hemodialysis	 3	 times	weekly),	 and	HIT
without	 thrombosis	 secondary	 to	 heparin	 therapy	 who	 is	 admitted	 for	 mitral
valve	 replacement	 and	 coronary	 artery	 bypass	 graft	 (CABG)	 surgery.	 JS	 is
initiated	 on	 bivalirudin	 for	 anticoagulation	 therapy	 during	 the	 procedure.
Postoperatively,	 JS	 is	 admitted	 to	 the	 cardiac	 surgery	 intensive	 care	 unit	 and
requires	 resumption	 of	 bivalirudin	 for	 the	 anticoagulation	 of	 her	 mechanical
mitral	valve.	Pertinent	labs:	SCr	3.7,	INR	1,	PT	11.8	s,	aPTT	26	s.

Height	=	5′3″
Weight	=	65	kg

QUESTION	6

What	dose	of	bivalirudin	should	be	initiated?	How	should	bivalirudin	therapy	be
monitored	and	adjusted?

Answer:
Because	 JS	 is	 dialysis-dependent,	 bivalirudin	 should	 be	 initiated	 at	 0.05



mg/kg/hr	(3.25	mg/hr)	based	on	available	evidence	in	patients	with	severe	renal
impairment.16	The	infusion	should	be	titrated	to	a	goal	aPTT	of	1.5–2.5	times	the
baseline,	or	39–65	 s.	The	aPTT	should	be	checked	2	hours	 after	 initiation	and
any	infusion	rate	adjustment.

QUESTION	7

Two	days	later,	JS	becomes	acutely	ill	with	a	hospital-acquired	pneumonia	and
requires	 vasopressor	 therapy.	 The	 nephrology	 service	 recommends	 continuous
renal	 replacement	 therapy	 (CRRT)	 for	 management	 of	 JS’s	 end-stage	 renal
disease	while	she	is	hemodynamically	unstable.	The	bivalirudin	infusion	is	held
in	order	to	obtain	access	for	CRRT	therapy.	Upon	resumption,	on	what	dose	of
bivalirudin	should	JS	be	started?

Answer:
Based	on	available	data,	patients	 receiving	CRRT	required	0.03–0.07	mg/kg/hr
of	bivalirudin	to	achieve	therapeutic	aPTT	ranges.15-17	Due	to	acute	illness	and
change	 in	 dialysis	 therapy,	 it	 is	 reasonable	 to	 resume	 the	 bivalirudin	 at	 0.03
mg/kg/hr	and	titrate	to	goal	aPTT	range.	The	aPTT	can	be	checked	2	hours	after
initiation	 and	 any	 rate	 adjustment;	 however,	 due	 to	 the	 prolonged	 half-life
observed	in	critically	 ill	patients	with	concomitant	renal	 impairment,	 it	may	be
reasonable	to	extend	this	time	to	4	hours.

CASE	5:	DABIGATRAN	DOSE	ADJUSTMENT
RH	 is	a	65-year-old	male	with	a	past	medical	history	of	atrial	 fibrillation	and
chronic	 obstructive	 pulmonary	 disease	 (COPD)	 admitted	 to	 the	 general
medicine	 service	 for	 an	 acute	 COPD	 exacerbation.	 Medications	 include
amiodarone	 200	mg	 daily,	 fluticasone/salmeterol	 inhaler	 twice	 daily,	 albuterol
inhaler	as	needed,	and	dabigatran	150	mg	twice	daily,	all	of	which	are	resumed
upon	hospital	admission.	Pertinent	labs:	SCr	2.2	(estimated	creatinine	clearance
30	mL/min).

QUESTION	8
What	adjustments	should	be	made	to	the	dabigatran	dose?	What	if	dronedarone



was	added	to	the	patient’s	regimen	and	amiodarone	discontinued?

Answer:
Because	 renal	 elimination	 accounts	 for	 most	 of	 the	 clearance	 of	 dabigatran,
caution	 should	 be	 undertaken	 when	 administering	 this	 medication	 to	 patients
with	renal	insufficiency	due	to	prolonged	duration	of	action	and	increased	risk	of
bleeding.29	 In	 this	 patient,	 the	 half-life	 of	 dabigatran	would	 be	 expected	 to	 be
approximately	 double	 as	 compared	 to	 healthy	 individuals.	 Therefore,	 the	 dose
should	be	empirically	decreased	 to	75	mg	bid,	with	close	monitoring	 for	 signs
and	symptoms	of	bleeding.	Dabigatran	is	not	recommended	in	patients	with	an
estimated	 creatinine	 clearance	 less	 than	 30	 mL/min	 who	 are	 receiving	 P-
glycoprotein	inhibitors	such	as	dronedarone.

CASE	6:	ORAL	DTI	BRIDGING
AD	 is	 a	 77-year-old	 male	 with	 a	 past	 medical	 history	 of	 hypertension,
dyslipidemia,	 and	 nonvalvular	 atrial	 fibrillation	 (anticoagulated	 with
dabigatran)	 who	 has	 a	 scheduled	 colonoscopy	 in	 two	 weeks.	 The
gastroenterologist	 would	 like	 AD	 to	 hold	 his	 anticoagulation	 before	 the
procedure	in	case	any	biopsy	samples	need	to	be	taken	(standard	bleeding	risk).
Pertinent	labs:	SCr	0.71,	INR	1.1,	PT	11.3	s,	aPTT	38	s.

Height	=	6′0″
Weight	=	80	kg

QUESTION	9
What	 instructions	 should	 AD	 be	 given	 regarding	 holding	 and	 resuming	 his
dabigatran	around	the	colonoscopy?

Answer:
The	holding	of	dabigatran	prior	 to	a	scheduled	procedure	 is	determined	by	 the
patient’s	renal	function	and	the	bleeding	risk	of	the	procedure.29	In	this	situation,
the	 possibility	 of	 needing	 a	 biopsy	 during	 colonoscopy	 is	 associated	 with	 a
standard	bleed	risk	(vs.	a	high	bleed	risk).	In	addition,	AD’s	creatinine	clearance
is	 estimated	 to	 be	 98	mL/min	 based	 on	 his	 age	 and	 SCr.	 Taken	 together,	 AD
should	hold	his	dabigatran	doses	 the	day	before	 the	procedure	 and	 resume	 the



day	after	the	procedure.

QUESTION	10

How	would	your	answer	differ	if	AD’s	SCr	was	1.5?

Answer:
If	AD’s	serum	creatinine	was	1.5,	his	estimated	creatinine	clearance	would	be	46
mL/min	 and	 therefore,	 his	 dabigatran	doses	 should	be	held	 for	 two	 days	prior
and	then	resumed	the	day	after	procedure.
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CHAPTER 	24
Pharmacokinetic	Considerations	in	Oncology
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DOXORUBICIN

The	anthracycline	age	began	over	half	century	ago,	when	a	soil	sample	harvested
near	 the	 Castel	 del	 Monte	 in	 Italy	 revealed	 Streptomyces	 peucetius,	 a	 new
bacterial	 strain	 producing	 a	 bright	 red	 pigment	 that	 was	 found	 to	 have	 good
activity	 against	murine	 tumors.	A	mutated	 strain	 of	S.	peucetius	 was	 found	 to
produce	a	different	red	compound	that	was	named	Adriamycin,	after	the	Adriatic
Sea.	 Today,	 also	 known	 as	 doxorubicin	 (DOXO),	 this	 prototype	 compound
remains	one	of	 the	most	prescribed	antineoplastic	agents.	Currently,	more	 than
2,000	 known	 DOXO	 analogues	 provide	 invaluable	 clinical	 and	 research
applicability.

DOXO	has	an	exceptional	chemical	reactivity	and	is	able	to	react	with	several
molecules	 within	 the	 cell,	 leading	 to	 a	 variety	 of	 toxic	 effects,	 all	 of	 which
contribute	 to	 its	 unique	 antineoplastic	 efficacy.	 Beginning	 with	 polymerase
inhibition	 and	 DNA	 intercalation	 and	 ending	 with	 perturbation	 of	 calcium
homeostasis,	 DOXO	 finds	 itself	 a	 place	 in	 most	 antineoplastic	 combo
regimens.1-5

In	 order	 to	 relate	 DOXO	 dosing	 to	 its	 therapeutic	 effect	 or	 occurrence	 of
toxicity,	 a	 number	 of	 physiologically	 based	 pharmacokinetic	 (PBPK)	 models
have	 been	 tested	 to	 allow	 for	 simulation	 and	prediction	 of	 therapeutic	 drug	 or
metabolite	levels.6	Roughly	a	decade	ago,	Gustafson	and	colleagues	developed	a
DOXO	 PBPK	 model	 capable	 to	 predict	 PK	 alterations	 in	 special	 human
populations;	 however,	 despite	 its	 invaluable	 utility,	 this	 model	 is	 largely
underutilized	 for	 clinical	 benefit.6	 The	model	 described	 here	 is	 available	 as	 a



complete	model	 code	 from	Gustafson	 and	others.	We	provide	 this	 information
with	the	hope	of	promoting	its	utilization	in	direct	patient	care.

1.	Tissue	compartment	mass	balance:

2.	Blood	compartment	mass	balance:

3.	DOXO	metabolism	by	aldo-keto	reductases:

dAMAKR/dt	=	(VMAX-AKT	×	CV-T)/(KM-AKT	×	CV-T)

4.	DOXO	metabolism	by	aglycone:

dAMAG/dt	=	KMET-AG	×	CV-T	×	VT

5.	Amount	of	DOXO	eliminated	in	urine	(U):

dAEU/dt	=	FFILT	×	QK	×	CA	+	(VMAX-PGP-K	×	CBL)/(KM-PGP-K	+	CBL)

6.	Amount	of	DOXO	eliminated	in	feces	(F):

NOMENCLATURE8

Q:	Blood	flow	(L/h)
A:	Amount	of	drug	(mols)



V:	Tissue	volume	(L)
CA::	Arterial	blood	concentration	of	free	DOXO	(M)

CV:	Venous	blood	concentration	of	total	DOXO	leaving	tissues	(M)

CBL:	Arterial	blood	concentration	of	total	DOXO	(M)

FB:	Fraction	of	DOXO	bound	to	plasma	proteins

TDNA:	Tissue-specific	DNA	binding	capacity	for	DOXO	(M)

TCAL:	Tissue-specific	cardiolipin	binding	capacity	for	DOXO	(M)

KDNA:	Binding	affinity	of	DOXO	for	DNA	(M)

KCAL:	Binding	affinity	of	DOXO	for	cardiolipin	(M)

AM:	Amount	metabolized	(mols)
AE:	Amount	excreted	(mols)
VMAX:	Maximum	rate	of	activity	(mols/hr/L	tissue)

KM:	Michaelis’s	constant	(M)

KMET:	First-order	metabolic	rate	constant	(h–1kg	tissue–1)

FFILT:	Fraction	renal	blood	flow	filtered	at	the	glomerulus

Subscripts:
T:	Generic	tissue	compartment
C:	Total	cardiac	output
L:	Liver
K:	Kidney
G:	Gut
B:	Blood
AKR:	Aldo-keto	reductase
AG:	Aglycone
PGP:	P-glycoprotein

Given	 DOXO’s	 liver	 metabolism	 and	 bile	 elimination,	 dose	 reduction	 was
considered	a	logical	approach	in	cases	with	hepatic	disease	or	liver	metastases.
However,	dose	reduction	requirement	has	never	been	validated	in	patients	with
liver	dysfunction	and	little	is	known	about	its	actual	clinical	benefit.	We	provide



here	 evidence	 indicating	 the	 main	 rationale	 for	 or	 against	 dose	 adjustment	 in
various	clinical	circumstances.

To	 date	 a	whole	 body	 of	 clinical	 practice	 has	widely	 adopted	DOXO	 dose
reduction	by	50	percent	and	75	percent,	respectively,	in	patients	with	moderately
and	severely	 impaired	 liver	function,	based	on	evidence	provided	from	clinical
trials	 research	 involving	 not	 more	 than	 17	 patients	 with	 liver	 dysfunction.7–9
Roughly	 two	 decades	 ago,	 a	 study	 including	 64	 patients	with	 nonlymphocytic
leukemia	that	evaluated	the	relationship	between	pretreatment	liver	function	and
DOXO	PK	 indicated	 similar	plasma	 levels,	 incidence	of	 toxicity	and	complete
response	rate	 in	patients	with	mild	pretreatment	 liver	 impairment	receiving	full
dose	 of	 DOXO	 and	 in	 those	 with	 normal	 hepatic	 function.	 Individuals	 with
impaired	 liver	 function	 in	 which	 a	 dose	 reduction	 has	 been	 applied	 displayed
lower	 plasma	 concentrations	 and	 less	 toxicity,	 but	 no	 significant	 difference	 in
response	 rate	when	 compared	 to	 those	 receiving	 full	 dose.10	 Although	 beyond
the	 study’s	 main	 goal,	 whether	 the	 lower-dose	 group	 encountered	 a	 shorter
duration	of	 response	and	 survival	 remains	unknown.	 Interestingly	a	number	of
subsequent	 studies,	 evaluating	 altogether	 roughly	 40	 patients	 with	 liver
impairment,	 reported	 either	 normal	 plasma	 profiles	 or	 moderately	 increased
AUC	 for	DOXO	and	doxorubicinol,	 not	 justifying	 dose	 adjustment	 in	 patients
with	liver	dysfunction	receiving	full	DOXO	dose.11-14	A	significantly	increased
AUC	 and	 prolonged	 half-life	 time	was	 associated	with	 bilirubin	 levels	 sixfold
higher	than	normal.14

Considering	 these	 data	 together	with	 the	 evidence	 of	 anthracycline-induced
cardiomyopathy	 unveils	 interesting	 clues.	 The	 recommended	 maximum
cumulative	 lifetime	 dose	 of	 450–550	 mg/m2	 DOXO	 and	 400–550	 mg/m2

daunorubicin	was	the	result	of	a	documented	frequency	of	5	percent	of	patients
developing	 congestive	 cardiac	 failure	 when	 treated	 with	 this	 dose.	 Although
cardiac	failure	incidence	up	to	50	percent	was	observed	in	cases	receiving	1,000
mg/m2,	 a	 significant	 improvement	 was	 found	 to	 be	 associated	 with
administration	of	a	weekly	dose	or	>24-hour	continuous	infusion	as	opposed	to
bolus.15,16	Potentially	the	cause	for	lower	cardiotoxicity	incidence	observed	in	a
modified	 administration	 schedule	 is	 the	 additional	 time	 that	 allows	 the	 slow
formation	 and	 elimination	 of	 doxorubicinol.	 Its	 formation	 was	 shown	 to	 be
slower	 in	 patients	 with	 elevated	 bilirubin	 and	 at	 least	 one	 study	 (4	 out	 of	 31
cases	with	 impaired	 liver	 function)	 reported	 prolonged	 half-life	 time.14	Mildly
abnormal	liver	function	tests	did	not	affect	DOXO	clearance	and	toxicity,	and	it
is	likely	that	any	dose	reduction	for	bilirubin	levels	lower	than	3	are	likely	going
to	 result	 in	decreased	effectiveness.	High	bilirubin	 levels	have	been	associated



with	 higher	AUC.13,14	 However,	 DOXO	 toxicities	 appear	 to	 be	 related	 to	 the
peak	 plasma	 concentration	 rather	 than	 the	 AUC.17	 Thus,	 weekly	 dosing
administered	by	slow	continuous	infusion	may	provide	a	survival	advantage	over
dose	 reduction,	 especially	 in	 populations	 with	 preexisting	 cardiac	 disease	 or
concomitant	or	prior	mediastinal	or	chest	wall	irradiation	in	which	the	maximum
cumulative	dose	will	already	be	reduced.	In	such	patients	who	also	present	with
impaired	 liver	 function	 or	 liver	 metastasis,	 further	 dose	 reduction	 should	 be
cautiously	considered.

CASE	STUDIES

CASE	1
A	 48-year-old	 Caucasian	 woman	 with	 a	 history	 of	 successfully	 treated	 breast
cancer,	 roughly	 a	 decade	 ago,	 is	 diagnosed	with	 acute	myelogenous	 leukemia
(AML).	She	is	initiated	on	Ara-C	standard	dose	(100	mg/m2)	for	7	days	and	is	to
begin	 daunorubicin	 45	 mg/m2	 for	 3	 days	 upon	 clarification	 of	 the	 total
cumulative	 anthracycline	 dose	 received	 during	 her	 breast	 cancer	 treatment.	 A
discussion	with	the	oncologist	who	treated	her	for	breast	cancer	reveals	that	her
initial	treatment	included	a	total	DOXO	dose	of	825	mg.	He	also	indicates	that
his	dosing	was	guarded	due	to	patient’s	history	of	hepatitis	B	and	associated	risk
for	 liver	 failure	due	 to	 virus	activation.	Her	 current	 liver	 function	 tests	 are	as
follows:	 AST	 =	 112,	 ALT	 =	 98,	 Alk	 Phos	 =	 232,	 TBili	 =	 1.7,	 DBili	 =	 0.7,
Albumin	=	3.4.
Height	=	173	cm
Weight	=	212	kg

QUESTION	1

Is	daunorubicin	a	viable	option	in	this	patient?

Answer
Daunorubicin	 is	 a	 significant	 component	 of	 the	AML	antineoplastic	 treatment;
however,	its	use	is	limited	by	the	cumulative	lifetime	dose	of	any	anthracycline
ever	 administered	 in	 that	 patient,	 regardless	 of	 the	 time	 frame	 since	 last



utilization	(including	childhood,	if	applicable).
Because	 she	 received	 DOXO	 for	 breast	 cancer	 treatment,	 the	 utilized

equivalent	of	daunorubicin	should	be	calculated.	Her	dose	per	body	surface	area
should	be	calculated	according	to	her	current	actual	body	weight.18

QUESTION	2

Has	she	reached	her	lifetime	cumulative	dose?

Answer

Following	 the	chemistry	 law	of	Avogadro,	1	mol	of	DOXO	contains	 the	 same
number	of	molecules	as	1	mol	of	daunorubicin.	Thus,	1.5	mmols	DOXO	=	1.5
mmols	daunorubicin.

We	can	now	convert	mmols	daunorubicin	into	mg:

The	 correct	 answer	 is	 that	 patient	 has	 NOT	 yet	 reached	 the	 daunorubicin
lifetime	cumulative	dose.

QUESTION	3
How	many	anthracycline	cycles	could	she	take	advantage	of	without	increasing
the	risk	of	hepatitis	B	reactivation?

Answer



The	patient’s	current	BSA	can	be	calculated	with	the	formula:

Thus,	since	her	lifetime	cumulative	dose	for	daunorubicin	is	550	mg/m2,	she
could	 in	 theory	 receive	 a	 total	 of	 550	 mg	 ×	 m-2	 ×	 2.94	 m2	 =	 1,617	 mg.
Considering	 she	 already	 received	 a	 daunorubicin	 equivalent	 of	 846	 mg,	 she
could	theoretically	receive	up	to	1,617	–	846	=	771	mg	daunorubicin.

Her	planned	daunorubicin	dose	 is	45	mg/m2	daily	 for	3	days	(cycle	1).	The
expected	dose	utilization	per	cycle	will	be:

45	mg/m2	×	2.94	m2	×	3	days	(cycle)	=	~397	mg/cycle

Based	 on	 her	 liver	 function	 tests	 (emphasis	 on	 low	 albumin	 and	 slightly
elevated	bilirubin),	 it	 is	possible	 that	 she	may	benefit	 from	administration	of	a
lower	 dose	 instead	of	 a	 full	 45	mg/m2	 dose.	A	25	percent	 dose	 reduction	will
allow	 administration	 of	 a	 guarded	 amount	 of	 anthracycline,	 less	 likely	 to
reactivate	the	dormant	hepatitis	B	virus,	and	also	potentially	allow	two	cycles	of
Ara-C	 +	 daunorubicin	 combination	 regimen,	 known	 for	 its	 increased
effectiveness	as	compared	to	Ara-C	alone.

CARBOPLATIN

Carboplatin	holds	the	advantage	in	therapy	with	significantly	lower	numbers	of
nonhematological	toxicities	as	compared	to	cisplatin	(Figure	24-1).19	The	benefit
of	much	less	nephrotoxicity	and	peripheral	neuropathy	and	the	similar	cytotoxic
activity	 as	 cisplatin	 facilitated	 the	 gradually	 increased	 carboplatin	 utilization
over	the	last	decades.	With	thrombocytopenia	as	the	main	dose-limiting	toxicity,
pretreatment	 renal	 function	 rather	 than	 kidney	 toxicity	 affects	 the	 extent	 of
thrombocytopenia.	 Therefore,	 close	 therapeutic	 drug	 monitoring	 should	 be
conducted	 routinely	 for	 carboplatin	 treatment.20,21	 Renal	 clearance	 is	 directly
associated	to	the	glomerular	filtration	rate	(GFR),	potentially	due	to	the	lack	of
active	renal	secretion	and	near	exclusive	filtration	through	the	glomerulus.	The



antineoplastic	 activity	 and	 toxicity	 will	 then	 be	 determined	 mainly	 by	 the
administered	dose	and	the	pretreatment	GFR.	Calvert	and	colleagues	were	able
to	 demonstrate	 in	 a	 retrospective	 study	 that	AUC	was	 linearly	 related	 to	 dose
only	when	GRF	changes	have	been	accounted	for.22	The	initial	Calvert	formula,
Dose	(mg)	=	AUC	×	(1.2	×	GFR	+	20),	was	tested	on	18	patients	as	part	of	the
phase	I	evaluation.	A	PK	prospectively	designed	study	of	31	patients	was	 then
conducted	to	evaluate	the	dosage	formula.	Observed	and	predicted	AUC	values
have	 been	 plotted	 together,	 demonstrating	 a	 good	 correlation	 (correlation
coefficient	r	=	0.886,	P<0.00001).



FIGURE	 24-1.	 Structurally,	 carboplatin	 is	 both	 larger	 than	 cisplatin	 and	 less	 potent.	 The	 structural
differences	 cause	 carboplatin	 to	 have	 a	 lower	membrane	 permeability	which	 results	 in	 carboplatin	 doses
being	much	higher;	with	respect	to	metabolism	it	is	also	less	reactive.	Pharmacokinetically,	this	manifests	in
the	 form	of	a	 longer	half-life	 than	cisplatin	and	a	much	 larger	 fraction	being	 recovered	 in	urine.	Despite
undergoing	 minimal	 metabolism,	 carboplatin	 is	 able	 to	 yield	 cisplatin	 upon	 incubation	 in	 solution	 with
sodium	chloride.	This	makes	it	hard	to	identify	whether	or	not	the	portion	that	is	not	recovered	unchanged
in	urine	is	the	result	of	metabolism	or	simply	a	chemical	reaction	with	circulating	chloride	ions.

In	order	to	increase	precision	of	the	dose	calculation,	the	nonrenal	clearance
for	 the	 tested	cases	has	been	measured	as	 the	difference	between	the	renal	and
the	 total	 plasma	 clearance,	with	 the	 assumption	 that	 the	 nonrenal	 clearance	 is
constant.	The	formula	generated	was:

Dose	(mg)	=	AUC	×	(A	×	GFR	+	B)

where	 A	 is	 the	 ratio	 of	 GFR	 to	 the	 renal	 clearance	 of	 the	 drug	 and	 B	 is	 the
nonrenal	clearance.	The	formula	basically	suggests	that	the	nonrenal	clearance	is
independent	of	patient	characteristics.

Today	 A	 is	 assumed	 to	 equal	 1	 and,	 although	 the	 estimation	 of	 creatinine
clearance	 is	 higher	 than	 GFR,	 the	 two	 values	 are	 used	 interchangeably	 for
calculation	of	the	dose	by	using	the	Calvert	formula.

Total	carboplatin	dose	(mg)	=	Target	AUC	×	(GFR	+	25)

The	National	Cancer	Institute’s	Cancer	Therapy	Evaluation	Program	recently
published	 an	 action	 letter	 on	 AUC-based	 dosing	 of	 carboplatin	 guidelines.
Through	 this	 letter	 it	 advises	 that	GFR	used	 in	 the	Calvert	 formula	 should	not
exceed	125	mL/min,	thus	capping	the	maximum	carboplatin	dose	based	on	target
AUC	(Table	24-1).

TABLE
24-1

Guidelines	recommended	maximum	carboplatin	doses	per
target	AUCs



This	 update	 has	 prompted	 the	Gynecologic	Oncology	Group	 (GOG)	 to	 use
Cockcroft-Gault	 instead	 of	 Jelliffe	 formula	 for	 GFR	 estimation.	 Because
Cockcroft-Gault	 formula	 can	 still	 overestimate	 renal	 function	 in	 obese	 and
elderly	 patients	 and	 further	 lead	 to	 carboplatin	 overdosing,	 GOG	 has
recommended	that	in	patients	with	abnormally	low	creatinine,	a	minimum	serum
creatinine	value	of	0.7	mg/dL	should	be	used	when	estimating	GFR.	This	value
also	accounts	for	the	newer	creatinine	assay	calibration	system	based	on	isotope
dilution	mass	spectrometry.

CASE	2
A	74-year-old	Caucasian	male	with	 a	 history	 of	 stage	 IIB	 non-small	 cell	 lung
cancer,	status	postlobectomy	one	week	ago,	is	to	be	started	on	carboplatin	and
paclitaxel	for	five	cycles.	He	is	a	thin,	frail	man	who	tolerated	surgery	well	and
has	unremarkable	labs.	The	most	recent	serum	creatinine	level	of	0.4	mg/dL.	The
oncologist	wants	 patient	 to	 be	dosed	 for	 an	AUC	of	 5	 and	 receive	150	mg/m2

paclitaxel.
Height	=	181	cm
Weight	=	65	kg

QUESTION	1
What	are	the	doses	in	mg	to	be	administered	in	this	patient?

Answer
This	 dosage	 requires	 knowing	 the	 patient’s	 GFR,	 which	 can	 be	 sufficiently
estimated	 by	 calculating	 the	 patient’s	 creatinine	 clearance	 based	 on	 the
Cockcroft-Gault	method.	Because	 the	serum	creatinine	 level	 is	<0.7	mg/dL,	as
per	guidelines,	0.7	mg/dL	should	be	used	in	its	place	in	this	calculation:

where



Therefore:

Using	the	Clavert	formula:

Thus	 the	 target	 dose	 for	 each	 cycle	 to	 target	 an	 AUC	 of	 5	 is	 622	 mg,
assuming	that	the	patient’s	serum	creatinine	does	not	exceed	0.7	mg/dL.

METHOTREXATE

Methotrexate	(MTX)	history	dates	back	to	1947	when	Sidney	Farber	succeeded
in	extending	the	life	of	children	with	leukemia.	Today,	MTX	is	one	of	the	most
widely	used	drugs	with	 large	applicability	 in	 the	 treatment	of	various	diseases,
including	 cancer.	 Its	 utilization	 in	 oncology	 applies	 to	 treatment	 of	 both	 solid
and	 hematologic	malignancies,	 including	 osteosarcoma,	 breast,	 lung,	 stomach,
bladder,	head	and	neck	cancers,	as	well	as	leukemia	and	lymphoma.

MTX	is	an	antimetabolite	drug	that	enters	the	cell	primarily	via	the	reduced
folate	carrier,	an	endocytic	uptake	mechanism,	activated	by	MTX	binding	to	the
folate	 receptor.	However,	 at	 extracellular	concentrations	above	20	μM	MTX	is
able	to	enter	the	cell	by	passive	diffusion	in	addition	to	active	transport.23	Upon
its	 penetration	 into	 the	 cell,	 MTX	 inhibits	 the	 conversion	 of	 dihydrofolate	 to
tetrahydrofolate	 by	 competitive	 inhibition	 of	 dihydrofolate	 reductase.24



Methylated	 tetrahydrofolate	 is	 essential	 for	 the	 conversion	 of	 deoxyuridine
monophosphate	 to	 deoxythymidine	 monophosphate	 by	 thymidylate	 synthase
through	 reductive	methylation.	Subsequent	phosphorylation	of	deoxythymidine
monophosphate	yields	thymidine	triphosphate,	one	of	the	four	nucleotides	used
in	 DNA	 synthesis.25	 By	 inhibiting	 the	 upstream	 production	 of	 substrates
essential	 for	 DNA	 synthesis	 and	 repair,	 MTX	 inhibits	 cell	 growth,	 thereby
inducing	apoptosis	in	rapidly	proliferating	cancer	cells.

In	 addition	 to	 inhibiting	 DNA	 synthesis,	 MTX	 can	 be	 polyglutamated	 by
folypolyglutamate	 synthetase.	 Long-chain	 polyglutamated	 MTX	 then	 also
interferes	 with	 de	 novo	 purine	 synthesis	 and	 inhibits	 RNA	 production	 by
inhibiting	glycinamide	ribunucleotide	transformylase,	the	enzyme	that	catalyzes
the	 transfer	 of	 a	 formyl	 group	 from	 formyl	 tetrahydrofolate	 to	 glycinamide
ribonucleotide.	 Importantly,	 the	 inhibition	 of	 this	 reaction	 prevents	 the
production	 of	 formyl-glycinamide	 ribonucleotide,	 a	 purine	 precursor,	 and
tetrahydrofolate,	 preventing	 the	 downstream	 biosynthesis	 of	 inosine
monophosphate.26	 Polyglutamated	 MTX	 also	 provides	 the	 advantage	 of	 an
increased	 intracellular	 mean	 residence	 time,	 thereby	 allowing	 a	 greater
intracellular	 exposure.	However,	 polyglutamates	 can	 be	 cleaved	 by	 γ-glutamyl
hydrolase	yielding	a	lower	number	of	glutamates	bound	to	MTX.23	Both	MTX
and	 its	 polyglutamates	 have	 dramatically	 greater	 affinity,	 between	 1,000-	 and
10,000-fold,	 for	 dihydrofolate	 reductase	 than	 does	 dihydrofolate,	 its	 natural
substrate.24,27	However,	in	order	to	have	the	desired	effect	MTX	must	first	make
it	to	the	tumor	cell.	This	process,	for	oral	formulations,	requires	absorption	from
the	 gut	 into	 the	 blood	 stream	 and	 then	 surviving	 the	 “first-pass	 effect”	 of	 the
liver	before	it	reaches	the	tumor.

The	 structure	 of	 MTX	 is	 charged	 at	 physiologic	 pH	 (Figure	 24-1).	 Both
carboxyl	groups,	as	well	as	nitrogen	1	and	10,	are	deprotonated	at	physiologic
pH	and	thus	MTX	is	anionic	with	a	negative	2	charge.27,28	As	a	result	MTX	is
prevented	 from	 easily	 diffusing	 across	 intestinal	 membranes	 and	 thus	 the
primary	method	of	absorption	is	active	transport.	This	transport	is	saturable	and,
therefore,	 creates	 an	 inverse	 relationship	 between	 bioavailability	 and	 dose
whereby	the	bioavailability	of	MTX	decreases	with	high	doses.	Gastrointestinal
bacteria	 are	 also	 responsible	 for	 metabolizing	 approximately	 5	 percent	 of	 the
dose	before	it	is	ever	absorbed.	Bioavailability	of	oral	MTX	ranges	from	as	low
as	12	percent	 at	doses	exceeding	40	mg/m2	 to	 almost	 90	percent	 at	 doses	 less
than	one	quarter	of	that,	but	high	MTX	doses	used	in	cancer	treatment	typically
range	from	1	to	12	g/m2,	which	necessitate	intravenous	infusion	(Figure	24-2).



FIGURE	24-2.	The	structure	of	MTX	at	physiologic	pH.	The	α-carboxyl	group	has	a	pKa	of	4.70	±	0.10
and	 the	 γ-carboxyl	 group	 has	 a	 pKa	 of	 3.36	 ±	 0.20.28	 At	 pH	 values	 of	 5.5–8,	 MTX	 is	 anionic,	 thus
predominantly	absorbed	by	saturable	active	transport	in	the	gut.

MTX	has	also	been	demonstrated	to	be	a	substrate	for	a	number	of	efflux	and
chemo-resistant	 transporters	 from	 the	ATP-binding	cassette	 (ABC)	superfamily
of	membrane	transporters,	including	multidrug-resistant	protein	2	(MRP2)29	and
breast	 cancer	 resistance	 protein	 (BCRP).30,31	 These	 transporters	 play	 a	 major
role	in	the	distribution	of	MTX	throughout	the	body.	While	biliary	clearance	is
only	a	minor	route	of	elimination,	responsible	for	 less	 that	10	percent	of	MTX
clearance,	 MRP2	 is	 expressed	 in	 a	 number	 of	 tissues	 and	 tumors.32-35
Overexpression	and	overactive	alleles	of	efflux	 transporters,	such	as	 the	BCRP
encoded	 by	 a	 single	 nucleotide	 polymorphism	 C	 >T	 (rs717620)	 in	 the	 5’
untranslated	 region,	 result	 in	 approximately	 a	 30	 percent	 increase	 in	 clearance
and	40	 percent	 increase	 in	 volume	of	 distribution.31	Even	 though	 these	 alleles
are	 associated	 with	 preventing	 delayed	 elimination,	 the	 main	 risk	 factor	 for
toxicity,	 they	are	also	associated	with	decreased	exposure,	 the	main	 risk	 factor
for	relapse	and	death.

Regardless	of	 transporter	variation,	 the	predominant	route	of	elimination	for
MTX	 is	 glomerular	 filtration	with	 approximately	90	percent	 of	 the	dose	being
eliminated	unchanged	in	the	urine.36	The	predominance	of	renal	excretion	raises
real	concerns	regarding	nephrotoxicity.	Due	to	the	relatively	high	pKa	of	MTX



and	its	metabolite	7-hydroxy	MTX,	it	may	become	protonated	in	low-pH	urine,
which	 can	 result	 in	 precipitation	 and	 kidney	 injury.	 For	 this	 reason,	 urine
alkalization	 is	 mandatory	 prior	 to	 MTX	 infusion.	 Genetic	 polymorphisms	 in
transporters	are	also	associated	with	delayed	elimination	by	the	kidney.	The	most
profound	 is	 a	 common	 functional	 C667T	 substitution	 in
methylenetetrahydrofolate	reductase.	This	polymorphism	does	not	directly	affect
secretion	 by	 the	 kidney;	 it	 is	 rather	 an	 upstream	 target	 of	MTX	 therapy.	 It	 is
nonetheless	 associated	 with	 a	 50	 percent	 increase	 in	 half-life,	 a	 threefold
increase	in	AUC,	and	a	fourfold	decrease	in	glomerular	filtration	rate.37

The	most	employed	tool	to	prevent	toxicity	and	prevent	underdosing	is	now
utilization	of	 therapeutic	drug	monitoring	algorithms	 that	have	been	developed
using	 pharmacokinetic-based	 Bayesian	 estimation.	 For	 years,	 associations
between	 pharmacokinetics	 and	 both	 disease	 response	 and	 toxicity	 have	 been
studied	with	some	conflicting	results.	Reports	dating	back	to	2004	suggest	 that
pharmacokinetic	 parameters	 such	 as	 AUC	 and	 Cmax	 are	 useful	 for	 predicting
outcomes,	 as	 well	 as	 toxic	 side	 effects	 such	 as	 mucocitis.38-41	 Other	 reports
indicate	 that	 pharmacokinetic	 monitoring	 was	 of	 little	 benefit	 for	 predicting
outcomes	 or	 toxicity.42	 What	 is	 important	 to	 recognize	 is	 that	 the	 study	 by
Martelli	and	colleagues,	who	found	 little	benefit,	used	a	maximum	dose	of	4.5
g/m2	 over	 24	 hours,	while	 the	 studies	 by	 others	 had	maximum	doses	 of	 8–12
g/m2	over	the	same	time	frame.	The	effect	is	that	the	AUCs	achieved	in	the	study
by	 Martelli	 did	 not	 reach	 the	 threshold	 set	 by	 previous	 studies	 to	 detect	 the
improved	outcomes.	The	threshold	suggested	by	Aquerreta	and	colleagues	is	an
AUC	of	4,000	mmol·hr/L,	while	Martelli	had	a	mean	AUC	of	1,810	mmol·hr/L
with	 a	 range	 of	 622–4,964	mmol·hr/L.	At	 the	 opposite	 end,	 other	 studies	 that
also	have	difficulty	discriminating	benefit	in	survival	use	a	default	dosing	of	12
g/m2	that	only	observes	AUCs	between	10,000	and	16,000	mmol·hr/L.43

Regardless,	when	 taken	 together,	 all	 the	 studies	 share	 similar	 survival	AUC
relationships.	Despite	 the	 studies	not	 finding	significant	differences	 in	 survival
based	on	the	quartiles	or	median	splits	they	observed,	the	Kaplan-Meier	survival
curves	 for	 the	AUCs	observed	are	comparable	 to	 those	of	 the	 relevant	quartile
observed	by	those	that	found	a	difference.	That	is	to	say,	regardless	of	the	study,
an	AUC	of	4,000	mmol·hr/L	has	comparable	survival	to	another	AUC	of	4,000
mmol·hr/L.	This	finding	builds	a	strong	rationale	for	pharmacokinetic	dosing	of
MTX.

MTX	concentrations	 are	well	 described	by	 a	 two-compartment	mammillary
model	with	an	alpha	and	beta	phase	of	elimination.	The	alpha	phase	is	typically



short	and	thus	most	sampling	schemes	miss	it	entirely	because	dosing	algorithms
are	based	on	pharmacokinetic	parameters	at	24	and	48	hours	postinfusion.	As	a
result,	little	is	reported	about	the	alpha	phase	except	that	the	half-life	during	this
elimination	phase	is	approximately	3.5	hours	in	patients	with	normal	elimination
as	compared	to	the	terminal	half-life	seen	during	the	beta	phase	of	approximately
12.5	 hours.	 The	main	 driver	 of	 the	 half-life	 is	 clearance,	 commonly	measured
during	 the	 beta	 phase	 to	 be	 between	 8	 and	 11	 L/hr,41,44-46	 and	 predicted	 by
Equation	 1	 where	 ClMTX	 is	 the	 clearance	 of	 MTX,	 ClCr	 is	 the	 creatinine
clearance	 in	 mL/min	 as	 calculated	 by	 the	 Cockroft-Gault	 method	 with	 a
maximum	 value	 of	 140	 mL/min,	 and	 BSA	 is	 body	 surface	 area	 in	 m2	 as
calculated	by	the	DuBois	and	DuBois	method.47

When	 dosing	 MTX,	 however,	 it	 is	 impractical	 to	 routinely	 monitor	 blood
levels	 as	 one	 would	 in	 a	 pharmacokinetic	 study	 and,	 therefore,	 the
implementation	 of	 sparse	 sampling	 at	 either	 24	 hours	 or	 48	 hours	 is	 used	 to
assess	whether	a	patient	 is	having	delayed	elimination.	 In	such	cases,	 the	dose
can	be	adjusted	for	future	administrations	but	leucovorin	rescue	must	be	initiated
to	offset	 the	MTX	 toxicity	 that	 is	 likely	 to	be	 experienced	 in	 cases	of	delayed
elimination.	 Table	 24-2	 summarizes	 the	 published	 studies	 regarding	 delayed
elimination	of	MTX	and	dose	or	leucovorin	rescue	adjustment.

TABLE
24-2 Summary	of	MTX	PK-based	dosing	recommendations





C24	is	the	MTX	concentration	at	24	hr	and	C48	is	the	MTX	concentration	at	48	hr.
aRecorded	at	42	hr	not	48	hr.

Only	 Pauley	 and	 colleagues	 present	 a	 method	 used	 for	 dose	 optimization
based	on	a	target	steady-state	concentration	(CpSS)	during	infusion.	This	method
increased	 the	number	of	patients	within	 the	desired	range	by	approximately	17
percent.	Such	a	method	requires	gathering	pharmacokinetic	data	at	multiple	time
points,	at	least	three	or	four,	during	a	previous	round	of	MTX	therapy	to	fit	using
a	two-compartment	mammillary	infusion	model	that	can	then	be	used	to	target	a
dose	for	a	particular	CpSS	range.	The	proposed	sampling	strategy	included	a	level
drawn	just	prior	to	infusion,	at	6	hours,	at	23	hours,	and	at	42	hours.	The	draw	at
23	 hours	 was	 just	 prior	 to	 the	 end	 of	 the	 24-hour	 infusion,	 and	 likely	 to	 be
considered	 a	 confirmation	 of	 the	 calculated	 CpSS.	 Using	 the	 pharmacokinetic
information	gathered	during	the	previous	MTX	administration	and	model	fitting,
specifically	 BSA	 normalized	 clearance,	 one	 can	 target	 the	 next	 dose	 using
Equation	2.

Where	 the	 infusion	 length	 is	 the	 total	 infusion	 time	 in	 hours	 minus	 the
infusion	time	of	the	loading	dose	in	hours,	the	fraction	loading	dose	is	given	by
Equation	3,	and	predicted	clearance	is	given	by	either	 the	previously	measured
value	 or	 Equation	 4	 if	 targeting	 a	 CpSS	 >33	 μM	 with	 a	 previously	 measured
clearance	<7.5	L/hr·m2.

Equation	 4:	 104.349+0.1152·	 Log(Previous	 Clearance)–0.3422•	 	 	 SrCr–0.239·Bilirubin–0.000582·



SGPT

where	 the	 previous	 clearance	 and	 the	 predicted	 clearance	 are	 both	 BSA
normalized,	SrCr	is	the	serum	creatinine	in	units	of	mg/dL,	bilirubin	is	in	units
of	mmol/L,	 and	 SGPT	 is	 the	 serum	glutamic	 pyruvic	 transaminase	 in	 units	 of
units/L.

It	is	important	to	note	the	units	of	the	target	dose	are	mg/m2	not	g/m2	and	so
represent	 one	 place	 where	 a	 dosing	 error	 could	 be	 made	 because	 MTX	 is
typically	dosed	as	g/m2	not	mg/m2.	Furthermore,	 the	drug	concentration	 in	 the
central	compartment	of	a	two-compartment	infusion	model,	while	the	infusion	is
running,	is	described	by	Equation	5,	where	Q	is	the	infusion	rate,	α	and	β	are	the
initial	phase	and	the	terminal	phase	residual	slopes,	respectively,	and	k21	 is	 the
first-order	 exchange	 rate	 constant	between	 the	peripheral	 compartment	 and	 the
central	compartment.

If	we	set	the	time	equal	to	infinity,	Equation	5	reduces	to	Equation	6.

Because	the	elimination	rate	constant,	ke,	is	equal	to	(α	×	β)/k21	and	with	the
assumption	 that	 the	 concentration	 at	 time	 infinity	 is	 steady	 state,	 if	 the
assumption	 that	 the	MTX	concentration	 at	 23	hours	 is	 also	 steady	 state	 holds,
then	by	substitution	we	obtain	Equation	7.

The	 equation	 allows	 an	 estimation	 of	 the	 previous	 clearance	 knowing	 only
one	 steady-state	MTX	 concentration	 and	 the	 infusion	 rate	 for	 use	 in	 the	 dose
adjustment	calculated	by	Equation	2.	Pauley	and	colleagues	point	out	that	if	the



calculated	 target	dose	 is	more	 than	a	50	percent	 increase	or	decrease,	 then	 the
dose	change	should	be	limited	to	no	more	than	50	percent.	Important	to	note	is
that	Equation	7	assumes	 linear	elimination	kinetics,	which	may	not	necessarily
be	 true.	Tubular	 reabsorption	 is	 saturable	 at	 doses	 as	 low	 as	 7.5	mg.	Also	 the
metabolism	 to	 7-hydroxy-MTX	 and	 subsequent	 biliary	 excretion	 are	 also
saturable,	 but	 the	 doses	 employed	 in	 the	 oncology	 setting	 exceed	 7.5	 mg	 by
about	 100-	 to	 3,000-fold	 and	 biliary	 excretion	 is	 responsible	 for	 less	 than	 10
percent	 of	 the	 total	 clearance,	 so	 it	 seems	 likely	 that	 any	 error	 introduced	 by
Equation	 7	 would	 be	 negligible.48,49	 Nonlinearity	 can	 also	 be	 introduced	 by
saturable	protein	binding,	 and	MTX	 is	known	 to	be	 albumin	bound.	However,
Lee	and	colleagues	demonstrated	that	in	analbuminemic	rats,	MTX	had	the	same
fraction	bound	to	plasma	proteins	because	the	lack	of	albumin	binding	was	able
to	 be	 compensated	 by	 β-plus	 and	 γ-globulins.	 Furthermore,	 plasma	 protein
binding	has	been	demonstrated	 to	be	 linear	 for	MTX	at	concentrations	ranging
from	100	pM	to	1	mM,	ranges	 that	could	be	expected	 to	be	observed	 in	MTX
treatment,	with	1	mM	being	about	five-	to	tenfold	higher	than	a	CpSS	targeted	by
a	24-hour	infusion.50

CASE	3
A	17-year-old	male,	 junior	basketball	player,	presents	with	worsening	right	 leg
pain	 after	 a	 physically	 challenging	 game.	 The	 leg	 is	 now	 swelling,	 and	 he
reports	 no	 falls.	 Consistent	 with	 the	 young	 man’s	 report,	 X-ray	 shows	 no
fracture,	but	a	destructive	lesion	raises	the	suspicion	of	a	potential	malignancy.
Magnetic	resonance	imaging	and	needle	biopsy	further	confirmed	the	diagnosis
of	nonmetastatic	osteosarcoma	in	his	proximal	right	tibia.	He	is	started	on	four
cycles	 of	 high-dose	 methotrexate	 (HDMTX)	 with	 leucovorin	 rescue	 and	 two
cycles	 of	 cisplatin	 and	 daunorubicin,	 which	 he	 tolerates	 well.	 Each	 HDMTX
involved	 20	 g	 MTX	 over	 4	 hours.	 Patient	 experienced	 delayed	 clearance
initially,	but	clearance	improved	after	the	following	three	cycles.	The	tumor	has
been	 subsequently	 resected	 and	 he	 underwent	 an	 allograft	 placement.	 His
postsurgery	 serum	 creatinine	 has	 been	 0.8	 mg/dL,	 thus	 chemotherapy	 was
resumed	postsurgery	with	two	additional	cycles	of	HDMTX.	After	the	sixth	cycle,
patient	developed	acute	nephrotoxicity;	serum	creatinine	at	the	end	of	the	cycle
reaching	5.9	mg/dL.	Plasma	MTX	concentration	were	1,500	umol/L	at	24	hours
postinfusion,	510	umol/L	at	48	hours,	and	270	umol/L	at	72	hours.	Patient	was
treated	 with	 aggressive	 hydration,	 diuresis,	 and	 1,500	 mg	 leucovorin
intravenously	every	6	hours	since	the	last	MTX	dose.



QUESTION	1

Assuming	 the	 renal	 function	 remains	 unchanged,	 when	 are	 the	 MTX	 levels
expected	to	drop	below	0.1	umol/L?

Answer:
Because	MTX	 follows	 two-compartment	 kinetics	 and	 these	 concentrations	 are
log	 linear,	 we	 can	 calculate	 the	 terminal	 half-life	 as	 ln(2)/β	 where	 β	 is	 the
terminal	residual	slope.	The	actual	concentrations	are	plotted	in	Figure	24-3.

FIGURE	24-3.	Terminal	(ß	Phase)	Plasma	MTX	concentrations	vs.	Time



So:

The	terminal	half-life	of	MTX	in	this	patient	is	25	hours	and	40	minutes.
We	will	next	 target	 to	 learn	how	many	half-lives	are	necessary	 to	 reach	0.1

µmol/L.
Because	the	fraction	remaining	at	N	half-lives	is	given	by	the	equation

½^n

which	should	be	equal	with	 the	 fraction	0.1	μmol/L/270	μmol/L,	where	270	 is
the	last	observed	MTX	level.

Therefore,	it	will	take	11.4	half-lives	to	reach	0.1	µmol/L	or

11.4	×	25.666	hr

=	292	hr,	36	min

or	approximately	12	days,	4	hours,	and	36	minutes.



PEMETREXED

Pemetrexed	(PMTX)	is	a	novel	antifolate	used	in	the	treatment	of	mesothelioma
and	 non-small	 lung	 cancer.	 Like	MTX,	 PMTX	 is	 an	 antimetabolite	 drug	 that
inhibits	 dihydrofolate	 reductase,	 thymidylate	 synthase,	 and	 glycinamide
ribonucleotide	formyltransferase.	It	 is	predominantly	cleared	via	renal	filtration
with	70	percent	to	90	percent	of	the	dose	being	excreted	unchanged	in	the	urine
within	24	hours,51	and	as	a	result,	drug-drug	interactions	that	can	affect	PMTX
elimination	need	to	be	avoided	in	patients	with	impaired	renal	function.	PMTX,
however,	 has	 a	 higher	 affinity	 than	 methotrexate	 for	 folypoly-γ-glutamate
synthase,	 which	 results	 in	 prolonged	 intracellular	 exposure	 to	 PMTX
polyglutamates.	 PMTX	 also	 follows	 a	 two-compartment	 model,	 though	 many
use	a	three-compartment	model,	and	has	a	terminal	half-life	of	1–4	hours	with	a
BSA	 normalized	 clearance	 of	 2.3	 L/hr·m2.52-54	 However,	 because	 of	 the
toxicities	 observed	 during	 the	 phase	 I	 clinical	 trials,	 PMTX	 is	 dosed	 at	 500
mg/m2	 and	modified	 based	 on	 toxicities	 observed	 in	 the	 patient	 as	 defined	 in
Table	24-3.

TABLE
24–3 PMTX	dose	modification	based	on	empiric	treatment55



With	 regard	 to	 renal	 impairment,	no	adjustment	 is	necessary	 if	 the	patient’s
creatinine	 clearance,	 as	 calculated	 by	 the	Cockcroft	 and	Gault	method,	 is	 >45
mL/min.	 However,	 PMTX	 is	 not	 recommended	 in	 patients	 with	 a	 creatinine



clearance	 less	 than	 45	 mL/min,	 and	 caution	 should	 be	 used	 in	 concomitant
medication	with	 drugs	 that	may	 decrease	 PMTX	 clearance	when	 the	 patient’s
creatinine	clearance	is	below	80	mL/min.

5-FLUOROURACIL

Despite	 the	 successful	 addition	of	 targeted	 therapy,	 alone	or	 in	combination	5-
fluorouracil	(5-FU)	remains	the	cornerstone	drug	of	colorectal	cancer	treatment
for	 the	 past	 five	 decades	 and	 is	 prescribed	 as	 a	 first-line	 therapy	 in	 nearly	 all
patients.56,57	The	years	following	the	introduction	of	the	biological	therapies	in
colorectal	 cancer	 show	 new	 patterns	 of	 chemotherapy	 utilization.	 5-FU-
oxaliplatin	 regimens’	 utilization	 as	 first-line	 therapy	 in	 metastatic	 colorectal
cancer	(mCRC)	patients	rose	from	55	percent	in	2004	to	more	than	70	percent	in
2007	and	remained	steady	until	2011,	the	time	of	the	most	recent	review.58

Similarly	to	other	chemotherapies,	5-FU	has	a	narrow	therapeutic	window,	its
effectiveness	is	influenced	by	a	significant	interindividual	variability	in	exposure
and	clearance.	The	most	closely	associated	PK	parameter	with	tumor	kill	effect
is	 total	 drug	 exposure	 or	 AUC.59,60	 For	 this	 reason,	 continuous	 infusion	 is
preferred	 to	 the	 bolus	 administration	 because	 only	 one	 sample	 needs	 to	 be
collected,	usually	at	steady	state	(>2	hr	into	the	infusion).	The	calculation	of	the
AUC,	under	the	assumptions	of	the	well-stirred	model,	requires	the	steady-state
concentration	(CSS)	and	the	time	of	continuous	infusion	(TCI),	in	hours:

AUC	=	CSS	×	TCI

Target	AUC	may	vary	based	on	the	type	of	tumor	treated	and	required	5-FU
distribution.	However,	neutropenia,	diarrhea,	mucositis,	and	hand-foot	syndrome
are	 adverse	 events	 associated	with	 an	AUC	>30	mg*h/L	 in	most	 solid	 tumors
treated	with	5-FU.	AUC	is	well	correlated	with	response	rate	and	stable	disease
in	 patients	 administered	 continuous	 infusion,61	 but	 also	 with	 disease-free
survival	 in	 individuals	 receiving	 bolus	 5-FU+Leucovorin	 as	 adjuvant	 in	 early-
stage	colon	cancer.62

Although	age	does	not	 affect	5-FU	PK,63	 its	 interindividual	 variation	 is	 the
result	of	 several	pharmacogenetic	variants	 leading	 to	differences	 in	absorption,
distribution,	 metabolism,	 and	 clearance.	 Up	 to	 100-fold	 interindividual	 PK
variability	 has	 been	 reported	 in	 patients	 treated	 with	 5-FU	 and	 identified	 as
mainly	 due	 to	 the	 BSA-based	 dosing,	 which	 remains	 the	 main	 cause	 of	 poor



outcomes.64	Two	separate	studies	found	a	complete	lack	of	association	between
BSA	 and	 5-FU	 clearance.65,66	 Thus,	 with	 less	 than	 one	 third	 of	 the	 treated
patients	 achieving	 optimal	 drug	 levels	 and	 nearly	 half	 being	 in	 fact
underdosed,67	 routine	monitoring	 has	 been	 repeatedly	 recommended	 since	 the
beginning	 of	 the	 previous	 decade.	 More	 recently,	 Capitain	 and	 colleagues
provided	one	of	the	most	reliable	evidences	to	date,	showing	that	PK-guided	5-
FU	 therapy	 offers	 significant	 clinical	 advantage	 in	 mCRC.65,68	 Safety	 and
efficacy	 of	 PK-guided	 5-FU	 dosing	was	 compared	 to	 the	 standard	BSA-based
dose	 adjustment	 in	 118	 patients	with	mCRC	 receiving	 FOLFOX	 (folinic	 acid,
fluorouracil,	 and	 oxaliplatin)	 regimen.	 Distribution	 of	 grade	 3	 and	 4	 adverse
events	among	the	two	study	groups	favored	considerably	the	PK-guided	dosing
method.	 PK-adjusted	 5-FU	 allowed	 dose	 intensification	 and	 demonstrated
improved	 efficacy	 and	 toxicity	 as	 well	 as	 9-to-20-fold	 fewer	 adverse	 events,
such	as	diarrhea	and	mucositis.66,69	The	Capitain	study	also	 indicated	 that	PK-
adjusted	 5-FU	 therapy	 can	 result	 in	 lower	 cost	when	 compared	 to	 the	 cost	 of
targeted	 therapies.	A	PK-optimized	5-FU	exposure	 remains	constant	 regardless
of	 the	 administration	 mode,	 schedule,	 or	 combination	 with	 other	 therapeutic
agents.

Despite	 already	 having	 a	 clinically	 proven	 5-FU	 target	 level	 and	 dose
adjustment	algorithms	to	bring	plasma	concentrations	into	the	desired	range,	the
analytical	 methods	 remain	 time-consuming	 and	 costly,	 requiring	 extensive
sample	 preparation	 and	 full-time	 technicians—all	 of	 which	 have	 delayed
significantly	 the	widespread	 adoption	 of	 a	 PK-based	 dosing	 approach	 in	 5-FU
treatment.	Semiquantitative	cell-based	assays	used	initially	for	the	assessment	of
5-FU	PK	were	 replaced	by	gas	 and	 then	high-pressure	 liquid	 chromatography,
which	remained	the	most	common	used	method	of	drug	level	determination	until
recently.	At	present,	a	new	5-FU	immunoassay	by	Saladax	Biomedical,	Inc.,	was
proven	 to	 provide	 rapid	 and	 equally	 reliable	 results,	 as	 well	 as	 being	 easy	 to
integrate	into	daily	clinical	practice.69-71	While	requiring	only	10	uL	of	plasma,
this	immunoassay	involves	extremely	selective	monoclonal	antibodies	shown	to
have	<1	percent	cross-reactivity	for	5-FU’s	main	metabolite,	dihydro-5-FU	and
<0.05	percent	for	capecitabine.

The	 current	 5-FU	 dose	 adjustment	 approach	 established	 by	 Gamelin	 and
colleagues	 from	 the	 French	 cancer	 facility,	 Centre	 Paul	 Papin,	 indicate	 that	 a
BSA-based	 dose	 be	 administered	 during	 the	 first	 treatment	 cycle,	 followed	 by
PK-guided	dose	adjustments	 to	maintain	an	AUC	20–25	mg*h/L,	regardless	of
the	mode	of	administration,	for	all	the	subsequent	treatment	cycles.	This	dosing
method	has	been	applied	thus	far	to	roughly	5,000	patients	every	year	following



the	treatment	algorithm	presented	in	Table	24-472:

TABLE
24-4 Major	adverse	effects	of	NMBA

Using	 this	 dose	 adjustment	 algorithm,	 target	 AUC	 has	 been	 achieved	 after
four	cycles	and	the	mean	dose	leading	to	target	AUC	was	1,790	mg/m2/wk,	and
ranged	 from	 765	mg/m2	 to	 3,300	mg/m2.72	 Without	 PK	 monitoring	 and	 dose



optimization,	only	4	of	49	individuals	receiving	BSA-based	therapy	had	an	AUC
within	 the	 target	 range,	 reinforcing	 the	 need	 for	 optimized	 dosing	 in	 patients
treated	with	5-FU.

5-FU	DOSE	ADJUSTMENT	IN	PATIENTS	WITH
DIHYDROPYRIMIDINE	DEHYDROGENASE	DEFICIENCY
Dihydropyrimidine	 dehydrogenase	 (DPD)	 is	 the	 rate-limiting	 enzyme
responsible	 for	5-FU	conversion	 to	dihydrofluorouracil,	 its	 inactive	metabolite.
Approximately	 80	 percent	 of	 the	 total	 administered	 5-FU	 dose	 is	 DPD-
inactivated.	This	enzyme	is	ubiquitous	in	various	tissue	across	the	human	body,
and	 its	 activity	 presents	 a	 great	 variability	 due	 to	 genetic	 polymorphism.73
Although	observed	in	less	than	3	percent	of	the	population,	marked	deficiencies
may	 lead	 to	 polyvisceral	 toxicity	 and	 are	 frequently	 lethal.74	 Complete	 DPD
deficiency	 is	 an	 autosomal-transmitted	 disease,	 also	 known	 as	 “syndrome	 of
familial	 pyrimidinuria	 or	 uraciluria.”	 The	 disease	 is	 usually	 asymptomatic,
although	 neurologic	 abnormalities	 have	 been	 reported.	 The	 clinical	 value	 of
DPD	 activity	 has	 not	 been	 appreciated	 until	 the	 findings	 reported	 by	 Lu	 and
others	when	21	and	4	out	360	patients	with	breast	cancer	were	identified	to	have
low	and	profoundly	decreased	DPD	activity,	respectively,	which	is	suggestive	of
DPD	 deficiency.75	 With	 regard	 to	 5-FU	 toxicity	 potentially	 due	 to	 DPD
deficiency,	today	we	know	that	half	of	patients	experiencing	5-FU	toxicity	have
no	documented	alterations	in	the	DPD	gene.	Thus,	other	factors	also	contribute
to	 5-FU	 metabolism	 and	 toxicity.	 Currently,	 no	 approved	 DPD	 activity
measurement	test	is	available	in	the	United	States.	The	question	of	whether	a	test
dose	of	5-FU	should	be	administered	before	or	 instead	of	 the	BSA-based	dose
during	the	first	cycle	of	 treatment	has	not	been	evaluated	to	date.	By	using	the
Gamelin	 dosing	 algorithm,	 it	 is	 likely	 that	 abnormally	 high	 steady-state
concentrations	acquired	in	DPD-deficient	cases	would	be	immediately	detected
upon	 measurement	 of	 the	 first	 plasma	 level,	 and	 subsequent	 reductions,
including	 holding	 a	 dose,	 would	 be	 reasonable	 approaches	 for	 clinical
management.

5-FU	DOSE	ADJUSTMENT	IN	PATIENTS	WITH	IMPAIRED
RENAL	AND	LIVER	FUNCTION

Three	cohorts	of	patients	with	various	degrees	of	organ	dysfunction	(SCr	1.5–3
mg/dL,	 SBili	 1.5–5	 mg/dL,	 SBili	 >5	 mg/dL)	 were	 studied	 for	 5-FU	 PK



associated	 with	 the	 administration	 of	 a	 24-hour	 continuous	 infusion.76	 All
patients	could	be	safely	treated	without	any	dose	adjustment.

CASE	4
A	61-year-old	woman	was	 recently	diagnosed	with	a	 stage	2	 locally	advanced
adenocarcinoma	of	the	rectum	(T3N0M0).	Total	resection	of	the	rectum	has	been
followed	by	adjuvant	5-FU	treatment	(500	mg/m2)	on	days	1	through	5	of	weeks
1,	2,	5,	20,	and	25.	The	first	two	days	of	chemotherapy	were	well	tolerated,	but
soon	 after	 her	 third	 dose	 she	 developed	 a	 cold	 tingling	 sensation	 between	 the
toes	and	her	gait	became	unsteady.	Neuro	exam	reported	impaired	toe	and	heel
walk	and	absent	jerk	reflexes,	all	consistent	with	a	grade	3	toxicity	to	5-FU.	Her
labs	 show	 normal	 DPD	 activity,	 thus	 a	 5-FU	 level	 has	 been	 ordered	 for
evaluation	of	her	drug	exposure.	 It	 is	now	day	4	of	 treatment	postsurgery,	and
the	laboratory	informs	the	team	that	5-FU	level	will	be	available	in	3	days.	On
day	7,	the	reported	5-FU	level	is	4,900	ug/L.	A	new	5-FU	blood	level	obtained
on	day	14	is	reported	by	the	lab	as	2,850	ug/L.

Height	=	172	cm
Weight	=	109	kg

QUESTION	1
What	is	the	appropriate	clinical	action	for	5-FU	management	on	days	4	and	12?

Answer:
Given	 the	 grade	 3	 toxicity	 confirmed	 by	 neurologist	 and	 associated	 with
initiation	 of	 5-FU	 treatment,	 further	 drug	 administration	will	 be	 on	 hold	 for	 1
week.	Before	reinitiation,	a	new	5-FU	level	should	be	drawn.

Because	BSA	>2	m2,	the	5-FU	dose	calculation	should	have	been	capped	at	2
×	500	mg/m2	=	1,000	mg	for	a	BSA	of	2	m2.	Exact	dosing	for	2.2	m2	(2.2	×	500
mg	=	1,100	mg)	could	have	likely	led	to	toxic	5-FU	levels.



5-FU	therapy	will	be	reinitiated	at	a	lower	dose	calculated	as	follows:

A	total	dose	of	700	mg	will	be	 reinitiated	a	week	 later,	after	collection	of	a
new	drug	level.

QUESTION	2

What	5-FU	dose	should	be	administered	on	day	1	of	week	5?	Why?

Answer:
The	level	reported	for	day	14	denotes	that	 therapeutic	range	has	been	achieved
on	 the	 new	 5-FU	 dose	 (700	 mg)	 and	 treatment	 should	 continue	 unchanged.
Patient	should	continue	to	be	monitored	closely	for	any	adverse	events.

CYTARABINE

Cytosine	arabinoside	 (Ara-C)	 is	 a	 structural	 analogue	of	deoxycytidine,	one	of
the	several	nucleosides	isolated	from	the	marine	sponge	Cryptothethya	crypta,77
its	name	being	given	by	the	arabinose	sugar	substituted	for	ribose.	The	drug	was
first	 synthesized	 in	1959	with	 the	 addition	of	 a	 trans-hydroxyl	group	 in	 the	2’
position,78	a	change	made	with	the	intent	of	targeting	subsequent	metabolism	to
a	deoxyribose-like	 sugar.79	Ara-C	 cancer	 cell	 penetration	 is	 a	 carrier-mediated
process80	 upon	 which	 the	 drug	 undergoes	 intracellular	 phosphorylation	 to
cytarabine	5’-triphosphate	(CTP),	a	molecule	responsible	for	inhibition	of	DNA
synthesis	 and,	 ultimately,	 the	 cell-kill	 effect.	 Ara-C	 plasma	 levels	 of	 8–10
μmol/L	were	reported	to	lead	to	CTP-saturated	cancer	cells,	an	aspect	essential
for	 treatment	 effectiveness.81	As	 an	S-phase-specific	 drug,	Ara-C’s	 therapeutic
effect	 is	 dependent	 on	 prolonged	 exposure	 at	 a	 toxic	 level,	 a	 level	 whose
achievement	is	particularly	challenging	due	to	the	drug’s	rapid	detoxification	to
uracil	arabinoside,	the	so	called	metabolite	Ara-U	(Figure	24-4).





FIGURE	24-4.	Simulation	of	plasma	Ara-C	and	Ara-U	concentrations	during	and	after	a	theoretical	3-hour
infusion	of	3g/m2	Ara-C	administered	every	12	hours	for	4	doses.

Ara-C	has	little	to	no	retention	in	tissue	or	blood	and	is	quickly	metabolized
to	 a	 deaminated	 inactive	 compound,	 Ara-U.	 The	 antitumor	 effect	 of	 Ara-C	 is
well	 documented	 as	 correlated	 with	 increased	 half-life	 and,	 thereby,	 greater
exposure.	For	 this	 reason	 standard,	100–200	mg/m2,	 or	high,	1–3	g/m2,	 Ara-C
doses	have	to	be	administered	over	2-	to	4-hour	infusions	and	repeated	every	12
hours	to	ensure	the	necessary	exposure	for	a	therapeutic	effect.83-85	Capizzi	and
colleagues	 have	 suggested	 that	 Ara-U	 buildup	 becomes	 a	 mechanism	 of	 self-
potentiation,	Ara-U	accumulation	leading	to	inhibition	of	its	parent	compound’s
catabolism.82,85	Apparently,	Ara-U	is	also	responsible	for	the	“arrest”	of	cancer
cells	in	S-phase,	thus	increasing	the	activity	of	the	Ara-C	kinase	to	the	extent	of
CTP-level	 saturation	within	 the	 cancer	 cell,	 and	 further	 enhanced	 tumor	kill.86
Some	 have	 suggested	 that	 accumulation	 of	 circulating	 Ara-U	 may	 also
circumvent	the	occurrence	of	Ara-C	resistance.82

One	 of	 the	 unique	 features	 of	 Ara-C	 toxicity	 is	 neurotoxicity,	 an	 adverse
event	 reported	 in	 up	 to	 40	 percent	 of	 patients	 receiving	 high-dose	 Ara-C
(HiDAC),	 >2	 g/m2.	 Most	 commonly,	 neurotoxicity	 presents	 as	 peripheral
neuropathy,	 but	 cerebellar	 toxicity,	 such	 as	 dysarthria	 with	 truncal	 and	 gait
ataxia,	 or	 more	 aggravated	 cerebellar	 syndrome,	 such	 as	 encephalopathy,
psychosis,	 seizures,	 and	 coma,	 have	 been	 reported	 as	 well.87	 Median	 time	 of
neurotoxicity	onset	was	reported	to	be	5	days	(range,	1–10	days)	and,	although
reversible	in	most	of	the	cases,	fatal	instances	have	been	reported	in	a	number	of
clinical	 trials.88-90	 Risk	 factors	 associated	 with	 neurotoxicity	 post-HiDAC
treatment	 were	 male	 gender,	 age	 over	 50	 years,	 prior	 or	 concurrent	 CNS
leukemia,	other	unrelated	CNS	disorder	or	 therapy,	and	renal	 insufficiency.87,90
Renal	 insufficiency,	 defined	 as	 pretreatment	 creatinine	 clearance	 <60	mL/min.
All	significantly	increased	the	risk	for	development	of	neurotoxicity.87,91	Damon
and	others	indicated	that	two	of	the	patients	who	developed	neurotoxicity	during
renal	 insufficiency	 subsequently	 went	 on	 receiving	 HiDAC	 during	 periods	 of
normal	renal	function	without	recurrence	of	neurotoxicity.	In	his	study,	Damon
found	 that	 100	 percent	 of	 patients	 with	 CrCl	 <20	 mL/min	 who	 were	 given
HiDAC	courses	developed	neurotoxic	symptoms.	That	number	decreased	to	86
percent	in	patients	with	CrCl	between	20	to	40	mL/min,	and	60	percent	in	cases
with	CrCl	of	40	to	60	mL/min.87	Neurotoxicity	only	occurred	in	8	percent	of	the
cases	with	pretreatment	CrCl	>60	mL/min.

Roughly	 two	 decades	 ago,	 Smith	 and	 colleagues	 developed	 the	 first



therapeutic	 dose	 monitoring	 algorithm	 for	 patients	 with	 renal	 insufficiency
receiving	HiDAC.91	Renal	impairment	was	defined	as	serum	creatinine	level	of
1.5	mg/dL	or	greater	during	the	HiDAC	administration,	or	a	change	in	creatinine
level	 of	 at	 least	 0.5	 mg/dL	 from	 pretreatment	 baseline.91	 The	 HiDAC	 dose
adjustment	algorithm	proposed	in	the	Smith	study	is	described	in	Table	24-5.

TABLE
24-5 Ara-C	Dosing	Based	on	Serum	Creatinine

Lindner	 and	 colleagues	 were	 among	 the	 first	 suggesting	 that	 Ara-U
accumulation	 in	 patients	with	 impaired	 renal	 function	may	 be	 associated	with
neurotoxicity	 occurrence	 due	 to	 elevated	 Ara-U	 in	 CSF.92	 Interestingly,	 when
CSF	 cytidine	 deaminase	 levels	 are	 low,	Ara-C	 deamination	within	 the	CSF	 is
unlikely	to	lead	to	toxic	levels.	Thus,	the	plasma	Ara-U	concentrations	above	a
certain	 level	 are	 able	 to	 cross	 blood-brain-barrier,	 increasing	 the	 risk	 for
neurotoxicity.	 Based	 on	 the	 drug	 PK	 as	 just	 described,	 sustained	 high	 Ara-C
levels	 are	 required	 to	 achieve	 desired	 cancer	 therapy	 outcomes,	making	 high-
dose	Ara-C	practice	one	of	the	most	common	approaches	for	treatment.

Furthermore,	 in	 patients	with	 impaired	 renal	 function,	Ara-U	 levels	 decline
slowly,	 changing	 from	a	 linear	 to	 a	nonlinear	 elimination	kinetic,	while	Ara-C
level	 would	 appear	 to	 remain	 unchanged.85	 Given	 its	 intense	 utilization	 in
treatment	 of	 hematologic	 malignancies,	 Ara-C	 continues	 to	 be	 the	 target	 of
several	efforts	to	improve	its	timing	and	scheduling.	Because	the	cytotoxic	effect
is	correlated	with	longer	Ara-C	half-life	and	delayed	deamination,	research	has
been	 focused	 on	 the	 development	 of	 Ara-C	 formulations	 protected	 from
deamination	 and	 also	 on	 trials	 evaluating	 co-administration	 with	 a	 potent
cytidine	 deaminase	 inhibitor,	 tetrahydruridine	 (THU).93	 When	 coadministered



with	 Ara-C	 doses	 as	 low	 as	 100	 mg/m2,	 THU	 determined	 an	 Ara-C	 plasma
exposure	of	more	than	10	umol/L,	a	concentration	only	achieved	with	high-dose
Ara-C.	 However,	 a	 significantly	 decreased	 volume	 of	 distribution	 and	 total
clearance	 were	 also	 observed.	 Protection	 by	 liposome	 encapsulation	 has	 been
initially	unsuccessful,	primarily	due	to	liposome	instability.94	However,	stability
improvement	was	provided	by	 the	 encapsulation	 in	polyethylene	glycol	 (PEG)
derivatives,95	 which	 marked	 the	 beginning	 of	 the	 Ara-C	 encapsulation
“lamellar”	 liposomes,	 formulations	with	 cytotoxic	 effect	 superior	 to	 both	 free
drug	 and	 other	 liposome	 encapsulations.	 T½β	 of	 the	 lamellar	 liposome
encapsulated	Ara-C	 (DepoCyt®)	 is	 more	 than	 100-fold	 longer	 than	 the	 naked
drug.	 Therefore,	 administration	 of	 intrathecal	 doses	 as	 low	 as	 50	 mg	 can	 be
scheduled	 every	 other	 week	 in	 the	 treatment	 of	 lymphomatous	 meningitis,	 a
malignant	infiltration	of	the	leptomeninges	(DepoCyt	package	insert).

CASE	5:	(MODIFIED	AFTER	A	CASE	REPORT	BY	RADESKI
ET	AL.96)
The	 patient	 is	 a	 48-year-old	 woman	 with	 relapsed	 stage	 IV-A	 mantle	 cell
lymphoma	 and	 a	 background	 of	 dialysis-dependent	 end-stage	 renal	 disease
(ESRD).	She	was	diagnosed	2.5	years	ago	with	lymphoma	and	treated	with	six
cycles	 of	 a	 modified	 R-CHOP	 (rituximab,	 cyclophosphamide,	 doxorubicin,
vincristine,	and	prednisone).	Complete	remission	was	achieved	with	clearance	of
lymphoma	 cells	 from	 blood	 and	 bone	 marrow	 and	 resolution	 of
lymphadenopathy.	 Now	 she	 presents	 with	 progressive	 splenomegaly	 and
presence	of	lymphoma	cells	in	blood	and	bone	marrow,	consistent	with	relapsed
mantle	 cell	 lymphoma.	 She	 is	 started	 on	 Ara-C	 1	 g/m2,	with	 patient’s	 body
surface	area	capped	at	2	m2	due	to	obesity.

Height	=	1.66	m
Weight	=	111	kg
Following	three	cycles	of	single-agent	Ara-C,	a	partial	response	was	achieved

with	a	reduction	in	splenic	size	and	fewer	peripheral	circulating	lymphoma	cells.
No	neurotoxicity	or	unexpected	adverse	events	occurred	with	Ara-C	 treatment.
Given	 the	 partial	 response,	 treatment	 with	 Ara-C	 and	 carboplatin	 has	 been
initiated	with	a	view	to	a	future	autologous	stem	cell	transplant.

Ara-C	 was	 administered	 as	 a	 2-hour	 intravenous	 infusion	 and	 repeated	 24
hours	 later.	Five	4-hour	dialysis	 sessions	were	carried	out	beginning	3.5	and	2
hours	 after	 the	 end	 of	 infusion	 to	 ensure	 removal	 of	 Ara-U	 only.	 Ara-C



disposition	was	best	represented	by	a	two-compartment	model	and	the	following
information	was	recorded:	Ara-C	distribution	t½	=	0.05	h,	elimination	t½	=	0.7	h,
AUC0-∞	=	6.52	mg*h/L,	VSS	=	181	L,	and	Cl	=	307	L/hr.	For	Ara-U,	distribution
t½	=	4.1	h,	elimination	t½	=	34	h,	AUC0-∞	=	757	mg*h/L,	VSS	=	118	L,	and	Cl	=
2.6	L/hr.

QUESTION	1

Given	 her	 ESRD,	 was	 this	 patient	 a	 candidate	 for	 0.1	 g/m2	 standard	 Ara-C
dose?

Answer:
Due	to	her	ongoing	relapse,	the	standard	Ara-C	dose	will	not	be	a	viable	option.
Additionally,	because	 the	patient	 is	dialysis-dependent	and	the	main	metabolite
of	concern,	Ara-U,	is	removable	by	dialysis,	HiDAC	is	warranted.	Moreover,	her
partial	 response	 to	 HiDAC	 indicates	 that	 a	 HiDAC-combined	 regimen	 (e.g.,
carboplatin	combination)	will	be	the	treatment	of	choice	for	continuation	of	her
chemo	regimen.

QUESTION	2

Knowing	 that	 Ara-C	 molecular	 weight	 is	 243,	 find	 out	 if	 the	 Ara-C	 dose
administered	provided	sufficient	toxic	exposure	to	ensure	appropriate	tumor	kill
in	this	patient.

Answer:
Because	 Ara-C	 fits	 a	 two-compartment	 model,	 we	 can	 assume	 that	 the
relationship	CSS	=	Dose	rate/Cl,	derived	from	setting	time	to	infinity	in	a	two-
compartment	infusion	model.	We	know	that	her	Cl	is	reported	as	307L/h	and	her
dose	is	1	g/m2	infused	over	2	hours.	Using	the	DuBois	and	DuBois	formula,	the
patient’s	BSA	is	calculated	as	follows:

0.007184	×	(166)0.725	×	(111)0.425	=	2.16	m2

She	has	a	BSA	greater	than	2	m2	and,	therefore,	her	dose	would	be	capped	at



2	g
The	2	g	dose	is	infused	over	2	hours	so	the	dose	rate	would	be:

2	g/2	hr	=	1	g/hr	or	1,000	mg/hr

So	her	steady-state	concentration	would	be:

This	result	needs	to	the	be	converted	to	molar	concentration:

(0.00325	g/L)	×	(1	mol/243	g)	=	0.0000134	mol/L

Finally	convert	to	μmol/L:

(0.0000134	mol/L)	×	(1,000,000	μmol/1mol)	=	13.4	μmol/L

But	what	about	time	to	steady	state?	The	elimination	half-life	of	Ara-C	is	0.7
h.	So,	in	2	hours,	almost	2/0.7	=	2.9	half-lives	have	elapsed	and,	therefore,	[100
–	(100/22.9)]	=	–	86.6	percent	of	CSS	has	theoretically	been	achieved.	If	we	round
down	to	80	percent	(0.8)	to	be	conservative	we	get:

0.8	×	(13.4	μmol/L)	=	10.7	μmol/L

Because	10.7	μmol/L	of	Ara-C	is	greater	than	the	8–10	μmol/L	suggested	to
provide	sufficient	 toxic	exposure,	 this	dose	provides	enough	exposure	 to	cause
tumor	kill.

CYCLOSPORINE

Officially	 used	 as	 an	 immunosuppressant	 to	 prevent	 transplant	 rejection,
specifically	 indicated	 for	 allogeneic	 kidney,	 liver,	 and	 heart	 transplant,97
cyclosporine	 (Cs)	 does	 not	 have	 a	 direct	 indication	 in	 oncology.	 However,
despite	 the	 lack	 of	 a	 direct	 indication,	 Cs	 is	 commonly	 used	 in	 hematologic
cancer	patients	undergoing	bone	marrow	or	hematopoietic	stem	cell	transplant	to
prevent	graft-versus-host	disease.

Cs	 (known	 as	 cyclosporin	 or	 ciclosporin)	 has	 two	 forms,	 cyclosporine	 and



cyclosporine	modified.	The	unmodified	form	is	often	called	cyclosporine	A	(or
cyclosporin	 A	 or	 ciclosporin	 A),	 whereas	 the	 modified	 form	 simply	 has
“modified”	replacing	the	“A.”	Confusion	regarding	the	appropriate	name	began
well	before	 it	made	 it	 to	market.	CsA,	 the	most	commonly	used	agent	and	 the
one	 that	 will	 be	 discussed	 in	 this	 chapter,	 simply	 called	 Cs	 henceforth,	 was
originally	isolated	from	the	fungus	Tolypocladium	inflatum.98	However,	when	it
was	first	isolated	from	Norwegian	soil	samples	in	1969	by	Dr.	Hans	Peter	Frey,
Tolypocladium	inflatum	was	 incorrectly	 identified	 as	Trichoderma	polysporum.
In	 1971,	Gams	 showed	 that	 the	 fungus	 actually	 belonged	 to	 a	 new	 genus	 and
thus	renamed	it	Tolypocladium	inflatum,	 the	name	officially	used	today,	despite
it	 being	 shown	 in	 1983	 that	 it	 was	 actually	 the	 same	 fungus	 known	 as
Pachybasium	 niveum.99,100	 Under	 the	 International	 Code	 of	 Botanical
Nomenclature,	 then,	 Bissett	 correctly	 proposed	 the	 new	 name	 Tolypocladium
niveum.	 This	 name	 was	 never	 adopted	 because	 the	 immunosuppressive
properties	 of	 Cs	 had	 been	 discovered	 in	 1972	 and	 by	 1983,	 the	 year	 Cs	 was
approved,	 the	 consensus	 was	 that	 the	 Cs-producing	 fungus	 was	 of	 such
commercial	value	 that	any	naming	confusion	could	be	disastrous.	Nonetheless,
the	 names	 used	 for	 this	 fungus	 today	 include	 Tolypocladium	 inflatum,
Tolypocladium	 inflatum	 Gams,	 Hypocladium	 inflatum	 gams,	 and	 Beauveria
nivea.	Beauveria	nivea	arose	when	von	Arx	combined	the	genera	Tolypocladium
and	Beauveria	 in	 1986.	Beauveria	 had	 seniority	 in	 naming	 due	 to	 its	 greater
duration	 of	 use,	 as	 did	 niveum	 compared	 to	 inflatum,	 yielding	 Beauveria
nivea.101	 Nonetheless,	 sufficient	 recent	 evidence	 suggests	 that	 Tolypocladium
and	 Beauveria	 are	 in	 fact	 separate	 genera,	 and	 American	 Type	 Culture
Collection	has	again	begun	indexing	the	Cs-producing	fungus	as	Tolypocladium
inflatum	Gams	instead	of	Beauveria	nivea.

Cs	 is	a	 large	undecapeptide	 that	 is	neutral	and	 lipophilic	at	physiologic	pH.
As	 a	 result	 it	 is	 usually	 given	 either	 via	 intravenous	 infusion	 or	 as	 an	 oral
suspension	 in	 olive	 oil	 formulated	 as	 either	 a	 gelatin	 capsule	 or	 as	 a	 bottled
liquid.	 It	 exerts	 its	 immunosuppressive	 effect	 primarily	 by	 inhibition	 the
calcineurin	pathway	through	Cs	binding	to	cyclophilins,	specifically	cyclophilin
A.	It	is	only	this	complex	that	then	binds	calcineurin,	the	effect	being	that	when
T	cell	receptors	are	stimulated	and	the	intracellular	calcium	levels	rise,	activating
calmodulin,	calmodulin	cannot	release	the	autoinhibitory	domain	of	calcineurin.
Under	 normal	 conditions,	 calcineurin	 would	 then	 exhibit	 phosphatase	 activity
responsible	 for	dephosphorylation	of	nuclear	 factor	of	 activated	T	cell	 (NFAT)
family	members,	 specifically	 NFAT1,	 NFAT2,	 and	NFAT4.	 By	 preventing	 the
dephosphorylation	 of	NFAT	 family	members,	 they	 are	 unable	 to	 translocate	 to



the	 nucleus	 and	 activate	 transcription	 of	 genes	 encoding	 the	 cytokines
interleukin-2,	 interleukin-4,	 and	 CD40L.	 Evidence	 also	 suggests	 it	 may	 have
some	 upstream	 inhibition	 of	 the	 Jun	 N-terminal	 kinase	 and	 the	 p38	 mitogen-
activated	protein	kinase	families	that	can	be	overwhelmed	in	instances	of	acute
inflammatory	response	via	a	non-calcineurin-mediated	pathway.102

The	T	cell	inhibition	has	the	desired	effect	of	preventing	the	adaptive	immune
system	 from	 effectively	 developing	 an	 immune	 reaction	 against	 either	 the
transplant	or	the	host.	The	side	effects	of	Cs,	however,	are	typically	mediated	by
other	actions.	Cs,	despite	clearance	being	predominantly	hepatic,	is	nephrotoxic
in	approximately	30	percent	of	patients.97	The	mechanism	behind	nephrotoxicity
is	 likely	 through	 its	 stimulation	of	 transforming	growth	 factor	beta	 that	 causes
fibrogenesis	in	the	kidney	medulla	and	subsequent	inability	of	the	renal	cells	to
preferentially	 accumulate	 compatible	 organic	 solutes,	 such	 as	 sorbitol	 and
inositol,	for	protection	from	the	hypertonic	environment.	It	ultimately	results	in
tubular	 atrophy	 and	 permanent	 renal	 damage.102,103	 The	 nephrotoxicity	 is
exacerbated	by	Cs-inducing	hypertension,	 likely	via	sympathetic	stimulation	of
the	 subdiaphragmatic	 vagi	 and	 low	 thoracic	 spinal	 roots	 as	well	 as	 enhancing
calcium	 ion	 influx	 to	 smooth	 muscle	 cells	 causing	 vasoconstriction.104,105
Fibrogenesis	 can	 be	 ameliorated	 by	 concomitant	 magnesium	 supplementation
that,	though	the	mechanism	is	still	unclear,	is	thought	to	inhibit	chemoattractants
involved	 in	 macrophage	 infiltration	 of	 the	 medulla,	 which	 is	 necessary	 for
fibrosis.106,107

Due	 to	 the	 complexity	 of	 its	mechanism	 of	 action	 and	 the	 barriers	 it	 must
cross	 to	 reach	 the	 appropriate	 sites,	 Cs	 pharmacodynamics	 are	 particularly
challenging.	 This	 complexity	 makes	 it	 difficult	 to	 define	 pharmacokinetic
parameters	 that	 are	 of	 great	 utility	 in	 predicting	 outcomes,	 a	 problem
compounded	by	the	fact	that	Cs	is	large,	lipophilic,	binds	nonlinearly	to	plasma
proteins,	and	is	nonlinearly	absorbed	by	blood	cells	and	predominantly	cleared
by	hepatic	metabolism.	Despite	these	challenges	some	efforts	have	been	made	to
model	Cs	pharmacokinetics.	Lindholm	and	Kahan	were	among	the	first	to	report
on	a	large	data	set	with	years	of	follow-up	including	pharmacokinetic	data.	The
lack	 of	 a	 specific	 assay	 to	 detect	 Cs	 and	 the	 discovery	 that	 whole	 blood	was
required	 to	 accurately	 detect	 Cs,	 due	 to	 sedimentation,	 significantly	 impaired
researchers.	Their	study	population	included	renal	transplant	patients	and	found
that,	despite	 receiving	similar	doses,	a	correlation	was	 found	between	not	only
Cmax,	 trough	 concentration,	 and	 clearance,	 but	 also	 bioavailability,	 as	 they
pertained	to	rejection.108



The	study	by	Lindholm	and	Kahan	added	to	the	accumulating	evidence	that
increased	exposure	decreased	the	rate	of	rejection;	however,	their	study	did	not
include	 information	 about	 adverse	 events.	 Two	 years	 earlier	 Bacigalupo	 and
colleagues	 had	 similar	 results	 and	 reported	 findings	 regarding	 the	 most
significant	oncologic	adverse	event,	relapse	of	hematologic	malignancy,	but	they
did	 not	 performed	 any	 pharmacokinetic	 analysis.	 Their	 findings	 showed	 that
while	high-dose	cyclosporine	significantly	decreased	the	incidence	of	GVHD,	it
also	 significantly	 increased	 the	 rate	 of	 hematologic	 malignancy	 relapse.	 This
finding	began	a	search	for	a	method	of	therapeutic	drug	monitoring	that	would
help	 to	 maintain	 cyclosporine	 levels	 in	 a	 therapeutic	 range.	 Thus,	 trough-
concentration	 monitoring	 came	 into	 practice	 whereby	 the	 24-hour	 postdose
concentration	in	whole	blood	is	monitored.	A	variety	of	research	shows	that	the
lower	 limit	 for	 the	 trough	 concentration	 to	 prevent	 rejection	 or	 GVHD	 is
approximately	200	ng/mL,	but	 little	study	has	been	conducted	regarding	a	safe
upper	 limit	 and,	 as	 a	 result,	 this	 lower-limit	 is	 considered	 the	 target	 of	 dose
titration.108-110	 However,	 a	 study	 by	 Machishima	 et	 al.	 targeted	 a	 trough
concentration	of	500	ng/mL.	Like	the	standard	protocol,	all	patients	were	started
on	a	dose	of	3	mg/kg/day	and	the	dose	titrated	to	achieve	a	trough	level	between
450	 and	 550	 ng/mL,	 with	 the	 final	 average	 dose	 being	 3.6	 mg/kg/day	 as	 a
continuous	24-hour	 infusion,	 thus	making	 the	 trough	 level	a	 steady-state	 level.
Upon	 switching	 to	 oral	 therapy,	 the	 dose	 was	 given	 every	 12	 hours	 and	 then
again	titrated	to	maintain	a	24-hour	trough	level	between	450	and	550	ng/mL.

The	outcome	of	maintaining	a	steady-state	level	between	450	and	500	ng/mL
were	that	4-year	overall	survival	and	disease-free	survival	were	70.7	percent	and
60.9	 percent,	 respectively.111	 These	 guidelines	 are	 markedly	 different	 from
giving	 the	 standard	 dose	 of	 3	 mg/kg/day	 and	 only	 tailoring	 therapy	 by	 dose
reduction,	25	percent	 reduction	when	serum	creatinine	doubles	as	compared	 to
baseline	 or	 a	 50	 percent	 reduction	 when	 it	 triples.	 In	 the	 latter	 protocol
investigated	by	Ratanatharathorn	et	al.,	2-year	overall	survival	and	disease-free
survival	were	57.2	percent	and	50.4	percent,	 respectively.112	 Some	differences,
however,	are	worth	noting	between	the	two	studies.	The	Machishima	study	only
included	 standard-risk	 patients,	 defined	 as	 AML	 in	 first	 or	 second	 complete
remission,	 CML	 in	 first	 or	 second	 chronic	 phase,	 nonleukemic
myeloproliferative	 disorders,	 and	 myelodysplastic	 syndromes.	 In	 contrast,	 the
Ratanatharathorn	 study	 contained	 both	 standard-risk	 and	 high-risk	 patients
(those	 not	 fitting	 the	 description	 of	 standard	 risk).	 The	 primary	 adverse	 event
that	was	 associated	with	 targeting	 a	 higher	 trough	 level	was	non-dose-limiting
increased	liver	function	tests.



It	is	likely	that	in	the	future	cyclosporine	dosing	will	target	greater	exposure,
but	the	debate	regarding	how	to	achieve	this	goal	remains.	Most	therapeutic	drug
monitoring	 schemes	 utilize	 the	 trough	 concentration	 to	 guide	 treatment.
Although	 it	 seems	 like	a	 reasonable	approach	 to	estimate	overall	exposure,	 the
fact	 that	 absorption	 kinetics	 are	 highly	 variable	make	 it	 a	 tenuous	 assumption
when	 it	comes	 to	oral	delivery.	The	 time	 to	Tmax	has	been	reported	as	 ranging
from	<1.8	 hours	 to	>6	 hours.108	With	 such	 variability	 in	 Tmax,	 using	 a	 trough
concentration	 tells	 little	 about	 the	 actual	 exposure	 because	 it	 is	 dependent	 on
both	disposition	and	elimination	kinetics.	For	 this	 reason,	 some	have	proposed
that	monitoring	Cmax	may	actually	be	a	better	measure	of	exposure.113	But	until
a	better	method	of	targeting	Cmax	is	developed,	its	use	seems	unfeasible.	Another
challenge	 is	 in	 converting	 the	 intravenous	 dose	 to	 an	 oral	 dose;	 it	 is	 done	 by
simply	doubling	or	tripling	the	daily	intravenous	dose,	per	hospital	protocol,	and
then	 splitting	 it	 into	 two	 doses	 taken	 12	 hours	 apart.	 Some	 evidence	 indicates
that	tripling	the	dose	may	better	target	pediatric	patients	with	shorter	bowels	and,
therefore,	 reduced	 bioavailability.114	 It	 is	 recommended	 that	 a	 trough	 level	 be
drawn	 24	 hours	 prior	 to	 switching	 to	 oral	 medication	 and	 24	 hours	 after	 the
switch	for	comparison	of	trough	levels	in	order	to	titrate	the	oral	dose	as	quickly
as	possible.

CASE	6
A	 9-year-old	 girl	 diagnosed	 with	 refractory	 AML	 has	 recently	 undergone	 an
allogeneic	 hematopoietic	 stem	 cell	 transplant	with	 her	 older	 sister	 as	 a	 donor
after	 failing	 induction	 therapy	 with	 daunorubicin	 and	 TKIs.	 The	 family	 was
consulted	and	informed	of	the	risks	associated	with	transplant	and	GVHD.	She
has	 been	 receiving	 3.3	 mg/kg/day	 cyclosporine	 via	 continuous	 intravenous
infusion	 for	 about	 5	 weeks.	 Her	 past	 three	 trough	 concentrations	 were	 233
ng/mL,	 198	 ng/mL,	 and	 248	 ng/mL,	 and	 she	 is	 ready	 to	 switch	 to	 oral
suspension.

QUESTION	1
What	starting	dose	and	monitoring	would	you	recommend?

Answer:



Because	 she	 is	 a	 pediatric	 patient	 with	 a	 short	 bowel	 and	 decreased
bioavailability	the	IV	dose	is	multiplied	by	3	to	get	the	oral	dose:

3	×	3.3	mg/kg/day	=	9.9	mg/kg/day

This	daily	 total	dose,	 to	achieve	a	greater	exposure	and	decrease	 the	risk	of
toxicity	from	a	high	Cmax,	should	be	split	and	given	every	12	hours.	Therefore:

(0.5	day/12	hr)	×	(9.9	mg/kg/day)	=	4.95	mg/kg/12	hr

After	starting	this	dose,	the	24-hour	trough	should	be	compared	to	the	stable
trough	 concentration	 achieved	 during	 prior	 infusion	 and	 the	 oral	 dose	 titrated
accordingly.
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pharmacokinetics	of,	89
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case	studies,	91–93
CNS,	93
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UTI,	93
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dosing,	90–91
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drug	interactions,	89
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mechanism	of	action,	87
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pharmacodynamics,	90
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Concomitant	drug	therapy,	49,	118
Congestive	heart	failure	(CHF),	204
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Coronary	artery	disease	(CAD),	8
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serum	concentrations	of,	21
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Cytosine	arabinoside,	269

D
Dabigatran,	255
dose	adjustment,	258
therapy,	initiation	of,	256
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treatment	of,	84
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administration	of,	2
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Dialysate	flow	rate	(DFR),	229
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Digitalis,	65
Digoxin,	65–77
acute	and	chronic	toxicity,	clinical	manifestations	of,	70t
bioavailability	of,	65
clearance	(CL),	68
clinical	manifestations	of,	68
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pharmacokinetic	parameters,	65
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modifications	for	disease	states,	67–68
geriatrics,	67
heart	failure,	68
hyperthyroidism,	68
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therapeutic	concentrations,	66
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drug	interactions,	69t,	74
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Direct	thrombin	inhibitors	(DTIs),	253–258
adverse	effects,	255
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dosing,	254
pharmacokinetics,	253
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pharmacokinetics,	253
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adverse	effects,	256
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pharmacokinetics,	255
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Divalproex,	217
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Dizziness
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DNA	synthesis,	264
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Doripenem
dosing	and	determining	need	for	prolonged	infusion,	39
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adjustment	algorithm,	268
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Dosing	weight	conversion	factor	(DWCF),	22
Doxorubicin	(DOXO),	261–262
case	studies,	262–263
liver	metabolism,	261
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adverse	effects	associated	with,	2t,	3,	134t
clinical	trials,	3
dosing,	2–3
drug	interactions,	3,	69t,	74
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drug	safety	profile	of,	2
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pharmacokinetics,	2t,	3
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dosing	variability	of	warfarin,	237
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hepatic	metabolism,	177–178
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bioavailability,	31
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overview,	31
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dosing	in
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drug	interactions,	33
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contraindications,	249
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pharmacokinetics,	247
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pharmacokinetic	parameters	of,	184t
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activity	by	tiagabine,	50
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absorption,	176
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Gram-negative	infections,	87
pneumonia,	16

Guillain-Barré	syndrome,	125
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Heart	failure
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crossreactivity	of,	43
type	of,	231
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recommendations	with	other	antiepileptic	drugs,	49t
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adverse	effect,	82–83
bridge	therapy,	240
case	studies,	83–84
DVT
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