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Notice

Medicine is an ever-changing science. As new research and clinical expe-
rience 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 ac-
curate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of such information. Read-
ers are encouraged to confirm the information contained in this work. For
example and in particular, readers are advised to check the product infor-
mation 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 con-
traindications for administration. This recommendation is of particular
importance in connection with new or infrequently used drugs.

NOTICE: The editors, Philip O. Anderson, PharmD, James E. Knoben, PharmD, and
William G. Troutman, PharmD, and the contributors have written this book in our pri-
vate capacities. No official support or endorsement by any university, hospital, federal
agency, or pharmaceutical company is intended or should be inferred.
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Preface

The Tenth Edition of the Handbook of Clinical Drug Data continues a long
tradition of providing clinically relevant, well-referenced drug information com-
piled by expert clinicians and presented in a compact format. The formats of all
sections should be familiar to users of the ninth edition. As with recent editions,
information in the Handbook is divided into three parts.

Drug Monographs in Part I have been updated to include numerous newly
marketed and promising investigational drugs. Areas with extensive revisions in-
clude the Antivirals reflecting the many new agents for HIV infection, Immuno-
suppressants, Anticonvulsants, and the Hematologic Drugs. Three new subsec-
tions have been added to reflect the growing number of agents for rheumatoid
arthritis, glaucoma and osteoporosis: Antiarthritic Drugs in the Analgesic and
Anti-inflammatory Drugs section, Ophthalmic Drugs for Glaucoma in the Central
Nervous System section, and Bisphosphonates in the Renal and Electrolytes
section.

Clinical Drug Information in Part II continues to provide clinically useful
information that helps the reader to decide which drug(s) are most likely to have
caused adverse reactions or which are the best choices for patients in special pop-
ulations. All drug-induced diseases sections have been extensively updated, as
have the Cytochrome P450 Interactions, Pregnancy, Breastfeeding, Renal Dis-
ease, Immunization, and Cardiac Arrest sections. Drug-Laboratory Test Inter-
ferences in Part III has also been updated.

In this edition, we welcome several new authors: Dan Baker, Jess Benson,
Toy Biederman, Juliana Chan, Paul Cuddy, Rob DiDomenico, Allison Einhorn,
Ray Hammond, Patty Marshik, Gary Matzke (a returning author), Renée Mercier,
and Anna Taddio (our first “international” author). We would also like to thank
the previous authors whose work in most cases served as the basis for revisions of
the chapters that appear in this edition by new authors: Andrea Anderson (Drugs
and Pregnancy), Lisa Ashton (Respiratory Drugs), Arasb Ateshkadi (Renal and
Electrolytes), Rosemary Berardi (Gastrointestinal Drugs), Larry Borgsdorf (ana-
phylaxis) Larry Davis (NSAIDs and Hematologic Drugs), John Flaherty (Amino-
glycosides and B-Lactams), John Gambertoglio (Renal Disease), Millie Gottwald
(Antimigraine Drugs and Neurodegenerative Diseases), Amy Guenette (Inotropic
Drugs and Nitrates), Brian Kearney (Renal Disease), and Carolyn Zaleon (Gas-
trointestinal Drugs). We are saddened to report the deaths of Drs. Ateshkadi and
Gambertoglio since our last edition. Both will be remembered for their profes-
sional dedication and the quality of their work. John Gambertoglio had long-time
personal and professional ties to the editors and will be particularly missed.

This edition also marks another major change, being the first edition pro-
duced with our new publisher, McGraw-Hill and new editors, Stephen Zollo and

Xiii
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Nicky Panton. We thank them for their efforts to maintain the high quality of the
Handbook that we desire and our readers have come to expect.

Philip O. Anderson
James E. Knoben
William G. Troutman
August 2001



How to Use This Book

Part I of this book is organized around 10 major drug categories, which have been
subdivided into common therapeutic groups. Within these therapeutic groups, drug
information is alphabetically presented in three formats: Monographs, Minimono-
graphs, and Comparison Charts. Monographs and Comparison Charts are grouped
together to ensure that related drugs are easy to compare and contrast. Charts are lo-
cated after the monographs to which they relate. Drug antagonists are grouped to-
gether with agonists to simplify organization and accessibility.

Monographs are used for drugs of major importance and prototype agents.

Minimonographs are used for drugs similar to prototype drugs, those of lesser
importance within a therapeutic class, and promising investigational agents. Mini-
monographs contain only selected subheadings of information rather than all sub-
headings contained in the full monographs.

Comparison Charts are used to present clinically useful information on mem-
bers of the same pharmacologic class and different drugs with a similar therapeu-
tic use, as well as to present clinically relevant information on certain other topics.

The preferred method to gain access to complete information on a particular
brand or generic drug is to use the index at the end of the book. The index may
also direct the user to other pertinent information on the drug.

MONOGRAPH FORMAT
CLASS INSTRUCTIONS

This is an optional heading at the beginning of each drug class. It consists of pa-
tient instructions that apply to more than one of the drug monographs in this sub-
category. If all drugs are not identical in their instructions, only the common infor-
mation is found here. The Patient Instructions section of each monograph that is
affected states, “See Class Instructions” as the opening phrase.

GENERIC DRUG NAME Brand Name(s)
The nonproprietary (generic) name is listed on the left, followed by common
brand names listed on the right. Brand-name products listed are not necessarily su-
perior or preferable to other brand-name or generic products; “Various” indicates
the availability of additional brand and/or generic products.

Pharmacology. A description of the chemistry, major mechanisms of action, and
human pharmacology of the drug in clinical application.

Administration and Adult Dosage. Route of administration, indications, and usual
adult dosage range are given for the most common labeled uses. Dosages correspond
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to those in the product labeling or in standard reference sources. “Dose” refers to a
single administration and “dosage” to a cumulative amount (eg, daily dosage).

Special Populations. Dosages in patient populations other than the typical adult
are listed:

Pediatric Dosage (given by age or weight range)

Geriatric Dosage (given by age range)

Other Conditions (renal failure, hepatic disease, obesity, etc.)

Dosage Forms. The most commonly used dosage forms and available strengths
are listed, as well as popular combination product dosage forms. Prediluted IV
piggyback or large-volume parenteral containers are not listed unless this is the
only commercially available product.

Patient Instructions. Key information that should be provided to the patient
when prescribing or dispensing medication is presented. When introductions
apply to an entire drug category, see “Class Instructions™ at the beginning of that
subcategory.

Missed Doses. What the patient should do if one or more doses are missed.
Pharmacokinetics. Data are presented as the mean = the standard deviation. Oc-
casionally the standard error of the mean (SE) is the only information available on
variability, and it is identified as such.

Onset and Duration (time course of the pharmacologic or therapeutic effect)

Serum Levels (therapeutic and toxic plasma concentrations are given)

Fate (The course of the drug in the body is traced. Pharmacokinetic parameters are
generally provided as total body weight normalized values. The volume of distrib-
ution is either a V4 in a one-compartment system or V. and Vgp or Vg in a two-
compartment system.)

1y (terminal half-life is presented)

Adverse Reactions. Reactions known to be dose related are usually given first,
then other reactions in decreasing order of frequency. Reaction frequency is clas-

sified into three ranges. However, percentages of reactions may be provided for
reactions that occur more frequently than 1%.

frequent (>1/100 patients)
occasional (1/100 to 1/10,000 patients)
rare (<1/10,000 patients)

Contraindications. Those listed in product labeling are given. “Hypersensitivity”
is not listed as a contraindication because it is understood that patients should usu-
ally not be given a drug to which they are allergic or hypersensitive—exceptions
are noted.

Precautions. Warnings for use of the drug in certain disease states and/or patient
populations, together with any cross-sensitivity with other drugs. Part I, Chapter 3,
“Drug Use in Special Populations,” should be consulted for more information,
particularly regarding pregnancy and breastfeeding.

Drug Interactions. The most important drug interactions are listed.
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Parameters to Monitor. Important clinical signs and/or laboratory tests to monitor to
ensure safe and effective use are presented. The frequency of monitoring may also be
given; however, for many drugs the optimal frequency has not been determined.
Notes. Distinguishing characteristics, therapeutic usefulness, or relative efficacy
of the drug are presented, as well as unique or noteworthy physicochemical prop-
erties, handling, storage, or relative cost.



ACRONYMS AND ABBREVIATIONS USED IN THE BOOK

ACE
ALL

ALT
AML

ANA
ANC
aPTT

AST
AUC

AV
bid
BP
BPH

BSA
BUN

Cap
CBC

Chew
CHD
CHF

Cler
CLL

CML
CMV
COMT
COPD
CPK
Crm
Cry
CSF
CVA
CVP

CYP
D5W

angiotensin converting
enzyme

acute lymphocytic
leukemia

alanine aminotransferase
acute myelocytic
leukemia

antinuclear antibody
absolute neutrophil count
activated partial
thromboplastin time
aspartate
aminotransferase

area under the serum
concentration-time curve
atrioventricular

twice daily

blood pressure

benign prostatic
hypertrophy

body surface area
blood (serum) urea
nitrogen

capsule

compete blood (cell)
count

chewable

coronary heart disease
congestive heart failure
clearance

creatinine clearance
chronic lymphoblastic
leukemia

chronic myelocytic
leukemia
cytomegalovirus
central nervous system
catechol-O-
methyltransferase
chronic obstructive
pulmonary disease
creatine phosphokinase
cream

serum creatinine
concentration
cerebrospinal fluid
cerebrovascular accident
central venous pressure
cytochrome P450

5% dextrose solution

DHL

HPLC

HSV

Hyp
IBW

1Cso
1eG
™M
Inhal
Inj
INR
P

U
IUD

LBW

diffuse histiocytic
lymphoma

dimethyl sulfoxide
drop(s)

deep vein thrombosis
enteric coated

mean effective
concentration
electrocardiogram

elixir

U.S. Food & Drug
Administration
glucose-6-phosphate
dehydrogenase
Y-aminobutyric acid

gas chromatography-mass
spectroscopy
gastroesophageal reflux
disease

glomerular filtration rate
gastrointestinal
granules

genitourinary

graft versus host disease
hemoglobin
high-density lipoprotein
high-density lipoprotein
cholesterol

human immunodeficiency
virus

high-performance liquid
chromatography

herpes simplex virus
hypodermic

ideal body weight

mean inhibitory
concentration
immunoglobulin G
(gamma globulin)
intramuscular(ly)
inhalation

injection

international normalized
ratio

intraperitoneal(ly)
intrathecal(ly)
international units
intrauterine device
intravenous(ly)

lean body weight



LDH
LDL
LDLc

LFT
Lot

MAO
MAOI

MAP
MCH

MCV
MIC
mol

NPO
NS

NSAID
OCD
Oint
Ophth
OTC

Pa02
PCA

PCP

ACRONYMS AND ABBREVIATIONS (cont’d)

lactate dehydrogenase
low-density lipoprotein
low-density lipoprotein
cholesterol

liver function test

lotion

lactated Ringer’s solution
monoamine oxidase
monoamine oxidase
inhibitor

mean arterial pressure
mean corpuscular
hemoglobin

mean corpuscular volume
myocardial infarction
minimum inhibitory
concentration

mole(s)

nasogastric

nothing by mouth, fasting
normal saline, 0.9% NaCl
solution

nonsteroidal anti-
inflammatory drug
obsessive-compulsive
disorder

ointment

ophthalmic

over the counter
(nonprescription)

partial alveolar oxygen
patient-controlled
analgesia

Pneumocystis carinii
pneumonia

pulmonary embolism
parenteral nutrition
oral(ly)

rectal(ly)
prostate-specific antigen
prothrobin time

partial thromboplastin
time

premature ventricular
contraction

Pwdr

q

qd
qid
RBC
RDA

SL
SLE

Soln

SSRI

Supp
Susp

TBW
TIA
tid
Top
TSH
UTI

Vag
Ve

Vap
Vdss
VLDL

WBC

powder

every

daily; every day

four times daily

red blood cell
recommended dietary
allowance

respiratory rate
sinoatrial
subcutaneous(ly)
syndrome of
inappropriate antidiuretic
hormone

(secretion)
sublingual(ly)
systemic lupus
erythematosus
solution
sustained-release
selective serotonin
reuptake inhibitor
suppository
suspension

tablet

total body weight
transient ischemic attack
three times daily
topical(ly)
thyroid-stimulating
hormone

urinary tract infection
vaginal(ly)

apparent volume of
distribution of the central
compartment
apparent volume of
distribution (one-
compartment)
apparent volume of
distribution of the  phase
steady-state apparent
volume of distribution
very low-density
lipoprotein

white blood cell
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¢ Hematologic Drugs

¢ Hormonal Drugs

¢ Renal and Electrolytes

o Respiratory Drugs



”Ah “ n
[ ai
I

| “Ii ‘l '" ”
il
DIHYDROERGOTAMINE MESYLATE D.H.E. 45, Migranal

Pharmacology. Dihydroergotamine (DHE) is a semisynthetic ergot alkaloid that
is hypothesized to exert its antimigraine effect via its agonist activity at the sero-
tonin 5-HTp receptor, resulting in vasoconstriction of intracranial blood vessels
and inhibition of inflammatory neuropeptide release.' The drug also binds with
high affinity to adrenergic and dopamine receptors; however, the antimigraine ef-
fect of these events is unknown. Compared with ergotamine, DHE is a weaker
vasoconstrictor, is less active as an emetic, and is less oxytocic.

Administration and Adult Dosage. IM | mg initially, then 1 mg q 1 hr prn, to a
maximum of 3 mg/day or 6 mg/week. IV (for rapid effect) 0.5-1 mg, may repeat
in 1 hr to a maximum of 2 mg/day or 6 mg/week. Consider administering meto-
clopramide 10 mg IV before DHE to treat nausea due to migraine and prevent
nausea due to the drug.” Intranasal one spray (0.5 mg) into each nostril; may re-
peat in 15 min to a maximum of 2 mg over 24 hr.

Special Populations. Pediatric Dosage. Safety and efficacy not established.

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Inj | mg/mL; Nasal Spray 4 mg/mL.

Patient Instructions. This drug can cause numbness and tingling in fingers, toes,
or face. Notify your physician if you are pregnant or have heart disease or high
blood pressure. Do not exceed the maximum dosage. The nasal spray can cause
local irritation. Do not reuse the applicator; use the solution right after opening.
Review training materials with your health care provider and report the use of all
cold or allergy medications and all over-the-counter medications.

Pharmacokinetics. Onset and Duration. Onset under 5 min IV, within 15-30
min after IM or intranasal spray; duration 3—4 hr. Intranasal 50-70% of patients
respond in 4 hr.

Fate. The drug is absorbed directly into the systemic circulation when administered
intranasally, but it undergoes extensive first-pass metabolism if given orally. Bio-
availability of the nasal spray is 38 + 16%, variable depending on self-administration
technique.? Protein binding is 93%. After administration of 1 mg, peak levels are 1 +
0.4 ug/L (intranasal) and 4.4 pg/L (IM), occurring at 0.9 + 0.6 hr (intranasal) and 0.4
+0.3 hr (IM).> After IM administration, V. is 12 + 4 L/kg, and Vg is 33 +0.2 L/kg,
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suggesting distribution into deep tissue compartments. Cl is 1.6 + 0.17 L/hr/kg. The
drug is metabolized to at least 5 metabolites, 3 of which are active. The major route
of excretion for DHE and its metabolites is in the feces via the bile."

by o phase (intranasal) 1 + 0.5 hr, (IM) 0.9 + 0.3 hr; 8 phase (intranasal) 7.9 + 4
hr, IM) 7.2 2.2 hr?

Adverse Reactions. The most frequently reported adverse events with intranasal
administration are rhinitis, pharyngitis, altered sense of taste, application site reac-
tions, nausea, vomiting, and dizziness. With all routes of administration, nausea,
vomiting, diarrhea, and localized edema occur frequently.*> Numbness and tin-
gling of fingers and toes, muscle pain in extremities, weakness in legs, pruritus,
rash, and infection occur occasionally. Pleural and retroperitoneal fibrosis occur
rarely with prolonged use.

Contraindications. Pregnancy and lactation; peripheral vascular disease; coro-
nary artery disease; ischemic heart disease; hemiplegic or basilar migraine; sepsis;
recent history of vascular surgery; severely impaired hepatic or renal function; hy-
persensitivity to ergot alkaloids.

Precautions. Use caution to avoid overuse by patients with chronic vascular
headaches. Patients with risk factors for coronary artery disease should undergo
periodic cardiovascular evaluation.

Drug Interactions. (See Ergotamine Tartrate.) DHE can antagonize the antiangi-
nal effects of nitrates. The risk of bleeding with warfarin (eg, wound hematoma,
anemia, hematuria) is worsened with co-administration of DHE. Macrolides in-
cluding erythromycin can increase the risk of ergot toxicity. Sumatriptan can ex-
acerbate coronary artery vasospasm and should not be taken within 24 hr of DHE.
SSRIs can cause weakness, hyperreflexia, or incoordination.

Notes. IV DHE is used when oral agents have failed to abort migraine and for ter-
minating cluster or migraine headache in an emergency setting. It is not intended
for prophylaxis or the management of hemiplegic or basilar migraine. The in-
tranasal preparation is a noninvasive option for outpatients. Intranasal administra-
tion also results in improved bioavailability over the oral form because it does not
undergo a first-pass effect in the liver. DHE does not cause physical dependence
and is associated with a more favorable side effect profile than ergotamine, espe-
cially with regard to GI and peripheral vascular effects. In one study, subcuta-
neously administered sumatriptan appeared to be more effective than DHE nasal
spray; however, DHE was better tolerated.®

ERGOTAMINE TARTRATE Ergomar, Ergostat, Various

Pharmacology. Ergotamine is an ergot alkaloid that is hypothesized to exert its
antimigraine effects via its agonist activity at the serotonin 5-HTp receptor, re-
sulting in vasoconstriction of intracranial blood vessels and inhibition of inflam-
matory neuropeptide release. The drug also binds with high affinity to adrenergic
receptors; however, the antimigraine effect of this binding is unknown. The mech-
anism in migraine is thought to be vasoconstriction of cranial blood vessels, with a
concomitant decrease in the amplitude of pulsations as well as depression of sero-
tonergic neurons that mediate pain.
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Administration and Adult Dosage. PO for migraine 2 mg initially, then 1 mg
each Y2 hr prn, to a maximum of 6 mg/day or 10 mg/week; PR 2 mg initially, may
repeat in 1 hr prn, to a maximum of 4 mg/attack or 10 mg/week; SL 2 mg initially,
then 2 mg q 30 min as needed, to a maximum of 6 mg/day or 10 mg/week.” Titrate
the dosage during several attacks gradually, then administer the minimum effec-
tive dosage with subsequent attacks. Patients who routinely require over 2
mg/headache can be given the total effective dosage at the onset of the headache.

Special Populations. Pediatric Dosage. Safety and efficacy not established. (>12
yr) 1 mg initially, then 1 mg q 30 min prn, to a maximum of 3 mg/attack.

Geriatric Dosage. No specific data are available.

Other Conditions. Decrease dosage by 50% in patients receiving methysergide as
prophylaxis.

Dosage Forms. SL Tab 2 mg; Tab | mg with caffeine 100 mg (Cafergot, Ercaf,
various); Supp 2 mg with caffeine 100 mg (Cafergot, Wigraine).

Patient Instructions. Initiate therapy at the first signs of an attack. Take only as
directed and do not exceed recommended dosages. Report tingling or pain in ex-
tremities immediately.

Pharmacokinetics. Onset and Duration. Onset (oral) 5 hr; (rectal) 1-3 hr.”

Serum Levels. 200 ng/L (176 pmol/L) or greater appears to be therapeutic; a
high frequency of adverse reactions has been associated with levels >1.8 pg/L
(1.5 nmol/L).”

Fate. Bioavailability 1-2% orally, 5% rectally; relative bioavailability decreases
in the following order: PR > PO > SL.”® Peak serum level after 2 mg rectally is
454 + 407 ng/L (390 + 350 pmol/L), 50 + 43 min after the dose. Peak serum level
after 2 mg with caffeine 100 mg orally is 21 + 12 ng/L (18 + 11 pmol/L), 69 + 191
min after the dose.® Vqis 1.9 + 0.8 L/kg; Clis 0.68 + 0.24 L/hr/kg.” The drug is
extensively metabolized in the liver, with 90% of metabolites excreted in the bile.

ty. 1.9 £ 0.3 hr; apparent half-life is 3.4 = 1.9 hr after rectal administration be-
cause of slow absorption.”®

Adverse Reactions. Nausea and vomiting occur frequently. Signs and symptoms
of ergotamine intoxication include weakness in legs, coldness and muscle pain in
extremities, numbness or tingling of fingers and toes, precordial pain, transient
tachycardia or bradycardia, and localized edema; these rarely develop with recom-
mended dosages. Frequent or worsening headaches can occur with frequent, long-
term, or excessive dosages. Ergotamine dependence can result in withdrawal
symptoms occurring within 24—48 hr after drug discontinuation.”'® Rectal or anal
ulceration can occur with suppository use.

Contraindications. Pregnancy; peripheral vascular disease; coronary artery dis-
ease; hypertension; hepatic or renal impairment; sepsis; severe pruritus.
Precautions. Lactation; avoid excessive dosage or prolonged administration be-
cause of the potential for ergotism and gangrene.

Drug Interactions. B-Blockers, dopamine, and epinephrine can cause increased
vasoconstriction and increased risk of peripheral ischemia or hypertension. The



6 ANALGESIC AND ANTI-INFLAMMATORY DRUGS

macrolides (especially erythromycin and troleandomycin) can inhibit the metabo-
lism of ergot alkaloids.

Notes. The stimulant action of preparations containing caffeine can keep patients
from the beneficial effects of sleep. Caffeine, however, can improve dissolution of
the oral formulation. Ergotamine is commonly used for abortive therapy of mi-
graine and provides relief in 50-90% of patients.” Aspirin (650 mg) or naproxen
(750-1250 mg/day) might be effective in aborting migraine headache in mild
cases or in patients who cannot take ergotamine. OTC products containing aspirin,
acetaminophen, and caffeine (Excedrin Migraine) or ibuprofen (Advil Migraine,
Motrin Migraine) have FDA approval for mild to moderate migraine. Prescription
combination products such as Midrin and Fiorinal might be useful, but overuse
of any antimigraine combination product can lead to rebound headache. NSAIDs
are useful for prophylaxis against menstrual-related migraines when taken during
the perimenstrual period. Butorphanol spray might be beneficial for patients with
infrequent, severe headaches who cannot tolerate ergot products or triptans, but
frequent use can cause dependency. The B-blockers propranolol and timolol are
approved by the FDA for migraine prophylaxis, but other 3-blockers without in-
trinsic sympathomimetic activity (eg, atenolol, nadolol) are also useful. Vera-
pamil can prevent migraines in some patients but can take several months to reach
maximum effectiveness. Tricyclic antidepressants (eg, amitriptyline, nor-
triptyline) have been more successful in migraine prophylaxis than SSRIs. Dival-
proex has been used successfully for prophylaxis. Consider frequency of attacks
(more than 2/month), co-morbid conditions, and side effects when choosing pro-
phylactic therapy. Effective doses for migraine prophylaxis drugs are usually
lower than those used for other indications.'!

METHYSERGIDE MALEATE Sansert

Pharmacology. Methysergide is a semisynthetic ergot alkaloid, thought to act
centrally as a serotonin agonist and to inhibit blood vessel permeability to hu-
moral factors that affect pain threshold. Unlike other ergots, methysergide does
not inhibit reuptake of norepinephrine and has minimal oxytocic, vasoconstrictor,
and a-adrenergic blocking effects. Because of its toxicity, methysergide is usually
used only after other prophylactic measures have failed.

Adult Dosage. PO for migraine or cluster headache prophylaxis 4-8 mg/day
with food. A drug-free interval of 3—4 weeks must follow each 6-month course;
however, reduce the dosage gradually to avoid rebound headache.

Dosage Forms. Tab 2 mg.

Pharmacokinetics. Methysergide undergoes extensive liver metabolism to
methylergonovine, a compound with greater activity and a longer elimination
half-life than the parent drug (3.5 hr vs 1 hr). About 56% of an oral dose is elimi-
nated in the urine as unchanged drug and metabolites.

Adverse Reactions. Insomnia, postural hypotension, nausea, vomiting, diarrhea,
and peripheral ischemia occur frequently. Occasionally, heartburn, peripheral
edema, rash, or arrhythmias occur. Rarely, mental depression occurs. Long-term
(>6 months) therapy can cause retroperitoneal and pleuropulmonary fibrosis and
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thickening of cardiac valves. The drug is contraindicated in peripheral vascular,

cardiovascular, or pulmonary disease; phlebitis; pregnancy; and impaired liver or

kidney function. Precautions and drug interactions are similar to those of ergota-
o 12

mine.

SUMATRIPTAN SUCCINATE Imitrex

Pharmacology. Sumatriptan is a serotonin (5-HT) analogue and a selective ago-
nist at 5-HTp receptors in cerebral vascular smooth muscle. Receptor activation
results in migraine relief by vasoconstriction of intracranial blood vessels and at-
tenuation of the release of vasoactive peptides responsible for inflammation of
sensory nerves.'*!* (See also Selective Serotonin Agonists Comparison Chart.)

Administration and Adult Dosage. PO for migraine 25-100 mg; a second dose
of up to 100 mg may be administered in 2 hr if response is unsatisfactory. A
100 mg dose might not provide any greater effect than a 50 mg dose. If headache
returns, additional doses may be given q 2 hr, up to 200 mg in a 24-hr period. SC
for migraine 6 mg; a second 6 mg injection may be administered 1 hr after the
initial dose, but limited to no more than 2 injections within a 24-hr period. Con-
trolled studies have not verified a beneficial effect of a second dose. Intranasal
5-20 mg in one nostril or 5 mg in each nostril; may repeat in 2 hr to a maximum
of 40 mg/day.

Special Populations. Pediatric Dosage. (<18 yr) safety and efficacy not estab-
lished.

Geriatric Dosage. Same as adult dosage. Consider the possibility of undiagnosed
heart disease in the elderly.

Dosage Forms. Tab 25, 50 mg; Inj 6 mg/0.5 mL; Nasal spray 5, 20 mg.

Patient Instructions. Sumatriptan is used for relief of migraine and not for the
prevention of a migraine attack. Do not take this drug if you are pregnant without
consulting with your physician. Inform your physician if you have high blood
pressure, diabetes, seizures, or heart, liver, or kidney disease. Report pain or tight-
ness in chest, shortness of breath, wheezing, or rash immediately. Oral. Do not
take more than 200 mg within 24 hours and allow at least 2 hours after the first
tablet. SC injection. Do not take more than 2 injections within 24 hours and allow
at least 1 hour between injections. Pain or redness at injection site lasts less than
1 hour. Nasal spray. If 1 dose does not provide adequate relief, you may take an-
other dose after 2 hours. Do not take more than 40 mg in 1 day.

Pharmacokinetics. Onset and Duration. PO 50% of patients respond in 2 hr; peak
1.5 hr. SC 70% of patients respond within 1 hr and 90% within 2 hr;'® peak 10-15
min.'¢ Intranasal 50-60% of patients respond in 2 hr.

Fate. Oral bioavailability is 14 + 3% owing to presystemic metabolism and erratic
absorption. Absorption is delayed by about 0.5 hr if taken with food. After a
100 mg oral dose, a peak of 54 pg/L (180 nmol/L) occurs in about 1.5 hr. SC
bioavailability is 97 + 16%; a peak of 74 pg/L (250 nmol/L) occurs in 12 min after
a 6 mg SC dose. After a 20 mg intranasal dose, the mean peak is 16 pg/L
(54 nmol/L). Plasma protein binding is 14-21%. V4 is 2.7 L/kg; Cl is 0.96 =
0.12 L/hr/kg. Hepatic metabolism is by MAO-A to an indole acetic acid, followed
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by glucuronidation and renal elimination. About 40% is found in the feces and
60% is excreted renally, 22% unchanged, and 40% as the active indole acetic acid
metabolite.'1?

ty. 1.9+0.3hr.”

Adverse Reactions. Frequent side effects are pain and redness at SC injection
site, tingling, hot flushes, dizziness, and chest tightness or heaviness. With the
nasal spray, throat discomfort and unusual taste occur frequently. With all routes
of administration, occasional weakness, myalgia, burning sensation, tightness in
chest, transient hypertension, drowsiness, headache, numbness, neck pain, abdom-
inal discomfort, mouth/jaw discomfort, and sweating occur. Rarely, cardiac ar-
rhythmias, myocardial ischemia, polydipsia, dehydration, dyspnea, skin rashes,
dysuria, and dysmenorrhea occur. The drug can accumulate in melanin-rich tis-
sues such as the eye with long-term use. Several cases of ischemic colitis have
been reported after sumatriptan use.

Contraindications. IV administration; ischemic heart disease; Prinzmetal’s
angina; uncontrolled hypertension; concurrent administration of MAO inhibitors
or within 2 weeks of discontinuation; within 24 hr of an ergotamine-containing
drug or ergot derivative such as methysergide or dihydroergotamine; hemiplegic
or basilar migraine.

Precautions. Pregnancy. Use with caution in those with impaired hepatic func-
tion, seizure disorder, neurologic lesion, or cardiovascular disease; post-
menopausal women; or men >40 yr.

Drug Interactions. Nonselective MAO inhibitors or MAO-A inhibitors can in-
crease the systemic availability of sumatriptan (especially after oral administra-
tion). Theoretically, ergot alkaloids and sumatriptan can cause prolonged va-
sospastic reactions if used together. (See Contraindications.) SSRIs can cause
weakness, hyperreflexia, and incoordination when given with sumatriptan and
other triptans.

Parameters to Monitor. Renal, hepatic, and cardiovascular status initially and q 6
months.

Notes. Subcutaneous sumatriptan is much more expensive than alternatives. It is
effective in the treatment of cluster headache and appears to be more effective
than ergotamine/caffeine in aborting migraine.”’ (See Selective Serotonin Ago-
nists Comparison Chart.)



SELECTIVE SEROTONIN AGONISTS COMPARISON CHART

DOSAGE ADULT ONSET HALF-LIFE
DRUG FORMS DOSAGE (HR) (HR) COMMENTS

Almotriptan Tab 6.25, PO 12.5 mg. 1-2 3-3.7 Low headache recurrence rate. Similar efficacy
Axert 12.5mg. to oral sumatriptan, but better tolerated. No

propranolol interaction.

Eletriptan — PO 20-80 mg. 1-2 4-7 An 80 mg dose is superior to 100 mg of oral
Relpax sumatriptan. Does not induce CYP3A4.
(Investigational—Pfizer)

Frovatriptan — PO 2.5 mg. 2-4 25 Lowest recurrence rate.
(Investigational—Elan)

Naratriptan Tab1,2.5mg. PO 1-2.5 mg, may repeat in 2 hr; may repeat 1-3 6 Low headache recurrence rate. More specific
Amerge sequence once in 4 hr, to a maximum of than other agents for 5HT1g. Smoking increases

5 mg/day. and oral contraceptives decrease clearance.

Rizatriptan Tab 5, 10 mg PO 5-10 mg; may repeat in 2 hr, to a maximum 0.5-2 2-3 Onset of rapidly dissolving tablet is slightly
Maxalt (conventional and  of 30 mg/day. slower than conventional. Reduce dose when
Maxalt-MLT rapidly dissolving). used with propranolol.

Sumatriptan Inj 6 mg SC 6 mg, may repeat once in 1 hr, to @ maximum 0.2 (SC) 25 Headache recurrence rate of 40%; relatively
Imitrex Tab 25, 50 mg of 12 mg/day. PO 25-100 mg, may repeat q 2 hr 0.5-1 (PO) high (5%) frequency of chest pain and

Nasal Spray 5, to a maximum of 200 mg/day. Nasal 5-20 mg, may <1 (Nasal) tightness.
20 mg/spray. repeat once in 2 hr to a maximum of 40 mg/day.

Zolmitriptan Tab 2.5, 5 mg. PO 2.5-5 mg, may repeat once in 2 hr to a max- 0.5-2 3 Cimetidine or oral contraceptives increase
Zomig Tab (rapidly dis- imum of 10 mg/day. AUC by 50%.

Zomig-ZMT solving) 2.5 mg.

From references 13, 14, and 21-29 and product information.
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Antirheumatic Drugs

ETANERCEPT Enbrel

Pharmacology. Etanercept is a dimeric fusion protein that binds to tumor necro-
sis factor (TNFa and ) and blocks its interaction with TNF receptors on the cell
surface. This reduces the signs and symptoms of rheumatoid arthritis and delays
joint damage in adults with moderate to severe theumatoid arthritis. It is indicated
for patients with inadequate response to one or more disease-modifying drugs.

Administration and Adult Dosage. SC for rheumatoid arthritis 25 mg twice
weekly (72-96 hr apart).

Special Populations. Pediatric Dosage. (<4 yr) safety and efficacy not estab-
lished; (4-17 yr) SC for juvenile rheumatoid arthritis 0.4 mg/kg twice weekly,
not to exceed 25 mg per dose.

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Inj 25 mg.

Patient Instructions. This drug may be self-administered. Instruct patient on
proper injection preparation and subcutaneous injection technique along with ap-
propriate syringe and needle disposal methods. Rotate the injection sites and give
injections at least 1 inch from an old site; avoid tender, bruised, red, or hard areas.
Inform your physician immediately of any persistent fever, bruising, bleeding, or
pallor. (See also Notes.)

Missed Doses. Injections should be given 72-96 hours apart. Give a missed dose
as soon as possible and resume usual schedule.

Pharmacokinetics. Fate. Bioavailability with SC injection is 58%, with peak
plasma concentrations achieved within 48-96 hr. Median clearance is 52 mL/
hr/m?.

by 115 hr.

Adverse Reactions. Injection site reactions that involve mild to moderate ery-
thema, itching, pain, or swelling occur in about 37% of patients. Upper respiratory
infections, headache, rhinitis, dizziness, pharyngitis, and cough occur frequently.
Etanercept is well tolerated in children with juvenile rheumatoid arthritis, with ad-
verse reactions similar to those experienced by adults.® Rare cases of CNS de-
myelinating disorders and pancytopenia have been reported.

Contraindications. Sepsis.

Precautions. Do not administer to patients with active infections or children with
significant exposure to varicella virus. In patients with juvenile rheumatoid arthri-
tis exposed to varicella zoster, temporarily discontinue etanercept and give vari-
cella zoster immune globulin. Update vaccinations before initiating etancercept
therapy. Do not give live vaccines during etanercept therapy. The needle cover
provided with the diluent syringe contains latex and should not be handled by
those with latex allergy. Administer with caution to patients with recent history of
CNS demyelinating disorders.
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Parameters to Monitor. Monitor patients closely for infection and hematologic
abnormalities during therapy. Discontinue treatment if serious infection, sepsis, or
hematologic abnormality develops.

Drug Interactions. None known.

Notes. Etanercept sterile powder must be refrigerated at 2-8°C (38—46°F); do not
freeze. Reconstitute 25 mg vial with 1 mL of bacteriostatic sterile water (in-
cluded); inject diluent slowly to avoid foaming. Administer the solution as soon as
possible after reconstitution; however, the solution may be stored under refrigera-
tion for up to 6 hr in the vial. Etanercept may be used concurrently with other
rheumatoid arthritis therapies such as analgesics, corticosteroids, or methotrexate.
Etanercept is also being studied for the treatment of CHF, endometriosis, organ
transplantation, and cachexia.’!

INFLIXIMAB Remicade

Pharmacology. Infliximab is a chimeric monoclonal antibody that binds to solu-
ble and transmembrane forms of TNFa, thereby neutralizing the activity of TNFa
and inhibiting TNFa binding to its receptor sites. It has no effect on lymphotoxin
(TNFB).*>% Infliximab induces pro-inflammatory cytokines including inter-
leukins 1 and 6 and increases endothelial cell permeability by enhancing leuko-
cyte migration.

Administration and Adult Dosage. IV infusion for rheumatoid arthritis
3 mg/kg, with repeat infusions at weeks 2 and 6, then q 8 weeks thereafter. For
rheumatoid arthritis, infliximab is indicated to be used with methotrexate. IV for
moderately to severely active Crohn’s disease 5 mg/kg as a single IV infusion.
Some patients might benefit from treatment q 8 weeks after the single infusion.**
1V for fistulizing Crohn’s disease 5 mg/kg at weeks 0, 2, and 6. (See Notes.)

Special Populations. Pediatric Dosage. Safety and efficacy not established.
Geriatric Dosage. Same as adult dosage.
Dosage Forms. Inj 100 mg.

Patient Instructions. Infliximab is administered intravenously by your health
care professional. Notify your physician if chest pain, fever, chills, facial flushing,
itching, hives, or difficult breathing occurs within a few hours of administration.

Pharmacokinetics. Fate. Infliximab is distributed primarily within the vascular
compartment. Direct and linear relationship between dose, maximum serum con-
centration, and AUC. Age and weight do not affect Cl or V4. No systemic accu-
mulation of infliximab occurs.

ty. 8-9.5 days.

Adverse Reactions. Serious infections have been reported. Infusion-related reac-
tions such as fever, chills, pruritus, urticaria, chest pain, hypotension, hyperten-
sion, and dyspnea have occurred during or within the 2-hr postinfusion period. If
these reactions occur, slow the infusion rate. Reactions occurring in 25% of pa-
tients include headache, nausea, abdominal pain, fatigue, fever, pharyngitis, vom-
iting, pain, dizziness, bronchitis, rash, rhinitis, chest pain, coughing, pruritus,
sinusitis, myalgia, and back pain. Hypersensitivity reactions to infliximab can
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occur and antibodies to infliximab develop in about 13% of patients. Patients most
likely to experience infusion-related reactions are those who developed antibod-
ies. > Have medications (eg, acetaminophen, antihistamine, corticosteroid, and ep-
inephrine) available for immediate use in the event of a hypersensitivity reaction.
Lupus-like syndrome (1 in 340 patients)*® and lymphoproliferative disorders
occur rarely.

Contraindications. Hypersensitivity to murine proteins; presence of serious in-
fection.

Precautions. Women should use adequate contraception for the duration of and
at least 6 months after therapy.’ Use caution when infliximab is administered
with immunosuppressive therapy or to patients who have a history of infections.
Avoid use in patients with known GI luminal strictures.*

Parameters to Monitor. Monitor patients closely for adverse effects, especially
for infusion-related reactions during or within the 2-hr postinfusion period and for
infection during therapy. (Crohn’s disease) Observe for improvement in abdomi-
nal cramping and in bowel consistence and rectal bleeding.

Drug Interactions. None known.

Notes. Dilute the total volume of the reconstituted infliximab solution dose to
250 mL with 0.9% NaCl. Gently mix. Administer over at least 2 hr through a non-
pyrogenic, low protein-binding filter with a pore size of <1.2 p.

Infliximab has been reported to be effective in the treatment of severe
esophageal Crohn’s disease*’and refractory perineal cutaneous Crohn’s disease.®®

LEFLUNOMIDE Arava
Pharmacology. Leflunomide’s active metabolite (M1) inhibits dihydro-oratate
dehydrogenase, thereby inhibiting pyrimidine biosynthesis. M1 exhibits im-
munomodulating and anti-inflammatory effects.

Administration and Adult Dosage. PO for rheumatoid arthritis 100 mg/day for
3 days, then 20 mg/day. Reduce dose to 10 mg if 20 mg is not tolerated.

Special Populations. Pediatric Dosage. Safety and efficacy not established.
Geriatric Dosage. Same as adult dosage.
Dosage Forms. Tab 10, 20, 100 mg.

Patient Instructions. Do not use if you are pregnant or planning to become preg-
nant. Men should use condoms because leflunomide can cause birth defects. Also,
men planning on fathering children should discontinue leflunomide therapy and
consult with their physicians. If you experience any major medical problems
while on therapy, notify your physician. Avoid alcohol because this medication
with alcohol can increase the risk of liver damage. Avoid immunizations unless
approved by your physician.

Missed Doses. Take a missed dose as soon as you remember; if it is near the time
for next dose, skip the dose; do not take a double dose.

Pharmacokinetics. Fate. Leflunomide is 80% bioavailable, with peak plasma
levels achieved in 6-12 hr. Because of its long half-life, an oral loading dosage is
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given over 3 days. Leflunomide is metabolized to a primary active metabolite
(M1), with the parent drug rarely detectable in plasma. The specific site of metab-
olism is unknown; however, hepatic cytosolic and microsomal cellular fractions
have been identified. Vs of M1 is 0.13 L/kg; 99.3% is bound to albumin. M1 is
eliminated by renal and biliary routes. Approximately 45% is eliminated as glu-
curonide and oxanilic acid metabolites in the urine and 48% as M1 in the feces.

te. (M1) 18 + 9 days.

Adverse Reactions. Diarrhea, dyspepsia, hypertension, headache, rash, alopecia,
and elevated liver function tests occur frequently. (See Notes.)

Contraindications. Immunocompromised patients; those positive for hepatitis B
or C; pre-existing hepatic impairment; women planning to conceive.

Precautions. Caution in patients with renal insufficiency. Do not give live vac-
cines to patients receiving leflunomide.

Drug Interactions. Potentially hepatotoxic medications such as methotrexate can
increase risk of hepatotoxicity. Rifampin increases peak plasma levels of M1. M1
inhibits CYP2C9. Plasma-free fraction of NSAIDs and tolbutamide levels might
be increased. Co-administration with cholestyramine or activated charcoal de-
creases M1 levels.

Parameters to Monitor. Monitor ALT at baseline and then monthly. If ALT lev-
els are stable, monitor per clinical judgment.

Notes. If toxicity develops or if plasma levels must be decreased quickly, follow
this drug elimination protocol: administer cholestyramine 8 g tid for 11 days. Ver-
ify that plasma levels are <0.02 mg/L by 2 separate tests at least 14 days apart.
Without this procedure, drug elimination can take up to 2 yr. Leflunomide is
equally or more effective than traditional antirheumatic agents such as methotrex-
ate, sulfasalazine, injectable gold, and cyclosporine.*
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ANTIRHEUMATIC DRUGS COMPARISON CHART

DOSAGE ADULT ADVERSE LABORATORY
DRUG FORMS DOSAGE EFFECTS MONITORING
Auranofin Cap 3 mg. PO 3-9 mg/day (3 mg as a single dose Loose stools, diarrhea, abdominal pain CBC, platelets, urine dipstick for
Ridaura and 6 and 9 mg/day as 2 and 3 divided or cramping, rash, pruritus, stomatitis. protein q 4—12 weeks.
doses, respectively).
Aurothioglucose Inj 50 mg/mL. IM 25-50 mg at 3—4 week intervals. Cutaneous reactions, stomatitis, CBC, platelets, urine dipstick q 1-2
Solganal gingivitis, glossitis, hematologic toxicity, weeks for first 20 weeks, then g 1-2
nephrotoxicity, hepatotoxicity. months.
Azathioprine Tab 50 mg. PO 1-2.5 mg/kg/day. Myelosuppression, nausea, vomiting, CBC, platelets q 1-2 weeks with
Imuran anorexia, diarrhea, hepatotoxicity. changes in dosage and q 1-3 months
thereafter.
Cyclosporine Cap 25, 100 mg. PO 1.2-7.5 mg/kg/day in divided Nephrotoxicity, hypertension, tremor, Crs q 2 weeks until stable dosage, then
Neoral® Soln 100 mg/mL. doses. hirsutism, gingival hyperplasia, monthly; periodic CBC, K*, and LFTs.
diarrhea, nausea, vomiting.
Etanercept Inj 25 mg. IV 25 mg twice weekly. Erythema, itching, pain, swelling at inj None.
Enbrel site; headache, rhinitis, dizziness,
cough.
Gold Sodium Inj 10, 25, 50 mg/mL. IM 25-50 mg q 2 weeks for 2—20 See aurothioglucose. See aurothioglucose.
Thiomalate weeks (may increase interval to
Aurolate 3-4 weeks if stable).
Hydroxychloroquine Tab 200 mg. PO 200-400 mg/day. Retinopathy, nausea, vomiting, None.
Sulfate diarrhea, pruritus.
Plaquenil (continued)
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ANTIRHEUMATIC DRUGS COMPARISON CHART (continued)

DOSAGE ADULT ADVERSE LABORATORY
DRUG FORMS DOSAGE EFFECTS MONITORING
Infliximab® Inj 100 mg. IV -3 mg/kg, repeat at weeks 2 and 6, Infusion reactions, headache, nausea, None.
Remicade then g 8 weeks. Can be given to fatigue, myalgia, rhinitis, pain, pruritus,
patients on methotrexate. urticaria, hypo- or hypertension, chest
pain, vomiting, dyspnea.

Leflunomide Tab 10, 20, 100 mg. 20 mg once daily. Diarrhea, respiratory infection, ALT monthly during initial therapy, then
Arava headache, nausea, rash, liver enzyme periodically.

elevations, dyspepsia, alopecia,
hypertension, teratogenicity.

Methotrexate Tab 2.5 mg PO 7.5-25 mg (as a single dose or Myelosuppression, stomatitis, CBC, platelets, AST, serum albumin,
Mexate-AQ Inj 2.5 mg/mL. 3 divided doses) once weekly; or SC or abdominal distress, diarrhea, nausea, Crs q 4-8 weeks.

Rheumatrex IM 7.5-25 mg once weekly. vomiting, hepatotoxicity, pulmonary
Various toxicity.

Penicillamine Cap 125, 250 mg PO 500-750 mg/day as a single daily Sensitivity reaction with skin rash, renal CBC, urine dipstick for protein q 2
Cuprimine Tab 250 mg. dose (up to 500 mg) or in divided and hematologic toxicity. weeks until dosage is stable, then
Depen doses if >500 mg. q 1-3 months.

Sulfasalazine Tab 500 mg. PO 2 g/day in 2 divided doses. Nausea, vomiting, heartburn, dizziness, CBC q 2—4 weeks for first 3 months,
Azulfidine headache, hypersensitivity, skin rash, then g 3 months.

Various leukopenia.

@Neoral, a nonaqueous liquid formulation forms an emulsion in aqueous fluids and has a higher oral bioavailability than conventional formulations (ie, Sandimmune, which is not indicated for
rheumatoid arthritis). Do not use these products interchangeably.

bIEDA-approved for use in patients taking methotrexate.

Adapted from references 40—44.



16 ANALGESIC AND ANTI-INFLAMMATORY DRUGS

Nonsteroidal Anti-inflammatory Drugs

ACETAMINOPHEN Various

Pharmacology. Acetaminophen possesses analgesic and antipyretic activities
with few anti-inflammatory effects. It has the same effectiveness as aspirin in in-
hibiting brain prostaglandin synthetase but very little activity as a peripheral
prostaglandin inhibitor. This difference from aspirin and other NSAIDs might ex-
plain its relative lack of effectiveness as an anti-inflammatory, antirheumatic
agent. Acetaminophen does not inhibit normal platelet action, prothrombin activ-
ity, or adversely affect GI mucosal health.

Administration and Adult Dosage. PO for pain or fever (non-SR) 325-1000 mg
q 4-6 hr, to a maximum of 4 g/day; (SR Tab) 1300 mg q 8 hr. PR for pain or
fever 650 mg q 4-6 hr, to a maximum of 4 g/day.

Special Populations. Pediatric Dosage. PO for pain or fever 10-15 mg/kg q
4-8 hr, may repeat dose q 4 hr, not to exceed 5 doses per day; or (up to 3 months)
40 mg/dose, (4-11 months) 80 mg/dose, (12-23 months) 120 mg/dose, (2-3 yr)
160 mg/dose, (4-5 yr) 240 mg/dose, (6-8 yr) 320 mg/dose, (9-10 yr)
400 mg/dose, (11 yr) 480 mg/dose, (12-14 yr) 640 mg/dose, (>14 yr) 650 mg/dose.
PR for pain or fever (3-11 months) 80 mg q 6 hr, (1-3 yr) 80 mg q 4 hr,
(3-6 yr) 120 to 125 mg q 4-6 hr, to a maximum of 720 mg/day; (6-12 yr)
325 mg q 4-6 hr, to a maximum of 2.6 g/day; (>12 yr) same as adult dosage.

Geriatric Dosage. Same as adult dosage.

Dosage Forms. Cap 325, 500 mg; Gelcap 500 mg; Chew Tab 80, 160 mg; SR
Tab 650 mg; Tab 160, 325, 500, 650 mg; Drp 48, 100 mg/mL; Elxr 16, 24, 26,
32, 65 mg/mL; Syrup 32 mg/mL; Supp 80, 120, 125, 300, 325, 650 mg.

Patient Instructions. Do not exceed the maximum recommended daily dosage of
4 g (2 g in alcoholics). Report unresponsive fever or continued pain persisting for
more than 3-5 days to your physician. Do not use with other anti-inflammatory
agents unless directed by your physician.

Missed Doses. If you take this drug on a regular schedule, take a missed dose as
soon as you remember. If it is about time for the next dose, take that dose only; do
not double the dose or take extra.

Pharmacokinetics. Serum Levels. (Analgesia, antipyresis) 10-20 mg/L (66—
132 umol/L). Serum concentrations >300 mg/L (2 mmol/L) at 4 hr or 45 mg/L
(300 umol/L) at 12 hr after acute overdosage are associated with severe hepatic
damage, whereas toxicity is unlikely if levels are <120 mg/L (800 pumol/L) at 4 hr
or 30 mg/L (200 umol/L) at 12 hr.?! (See Notes.)

Fate. Rapid absorption from the GI tract, with peak plasma concentrations being
achieved within 0.5-2 hr. Absorption of liquid preparations is more rapid. Un-
bound to plasma proteins at therapeutic doses; 20-50% bound in overdose. Exten-
sively metabolized in the liver to inactive conjugates of glucuronic and sulfuric
acids and cysteine (saturable) and to a hepatotoxic intermediate metabolite (first-
order) by CYP1A2 and CYP2EI. The intermediate is detoxified by glutathione
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(saturable). Vqis 0.95 £ 0.12 L/kg; Clis 0.3 + 0.084 L/hr/kg, decreased in hepati-
tis and increased in hyperthyroidism, pregnancy, and obesity; 2-3% excreted un-
changed in urine.”!

t. 2 £0.5 hr, decreased in hyperthyroidism and pregnancy, and increased in hep-
atitis and neonates.”!

Adverse Reactions. Nontoxic at therapeutic doses. In acute overdose (single dose
equaling or exceeding 10 g or 7.5-10 g daily for 1-2 days), potentially fatal he-
patic necrosis and possible renal tubular necrosis can occur, but clinical and labo-
ratory evidence of hepatotoxicity might be delayed for several days. (See Serum
Levels.) Toxic hepatitis also has been associated with long-term ingestion of
5-8 g/day for several weeks or 3—4 g/day for a year. Occasionally, maculopapular
rash or urticarial skin reactions occur; methemoglobinemia, neutropenia, and
thrombocytopenic purpura are rarely reported. Analgesic nephropathy has been
associated with the consumption of 1-15.3 kg of acetaminophen over 3-23 yr.%

Contraindications. G6PD deficiency.

Precautions. Use with caution in chronic alcoholics (not to exceed 2 g/day) and
patients with phenylalanine hydroxylase deficiency (phenylketonuria) or G6PD
deficiency. Some formulations contain aspartame, which is metabolized to pheny-
lalanine; therefore do not use these products in patients with phenylketonuria.
Also, some products contain sulfites.

Drug Interactions. Chronic alcoholics might be at increased risk for hepatic toxi-
city.*® The risk of hepatotoxicity also is increased by long-term use of other en-
zyme inducers (eg, barbiturates, carbamazepine, phenytoin, rifampin, sulfinpyra-
zone) and acetaminophen’s efficacy also can be decreased by these agents.
Co-administration with isoniazid increases the risk of hepatotoxicity; therefore,
avoid acetaminophen in persons on isoniazid. Acetaminophen occasionally in-
creases the anticoagulant effect of warfarin; therefore, monitor INR closely when
adding or discontinuing long-term acetaminophen use.*’

Notes. Management of acute overdosage includes emesis and/or gastric lavage, if
no more than a few hours have elapsed since ingestion. Supportive measures such
as respiratory support and fluid and electrolyte therapy are recommended in addi-
tion. Administration of activated charcoal is not recommended because it can in-
terfere with the absorption of acetylcysteine, which is used in the treatment of se-
vere acute overdosage. Potentially dangerous acetaminophen levels (see Serum
Levels) can be managed by the administration of 140 mg/kg acetylcysteine diluted
1:3 in a soft drink or plain water; follow with 70 mg/kg q 4 hr for 17 doses. If ad-
ministered within 8-16 hr of ingestion, this therapy has been shown to minimize
the expected hepatotoxicity, but treatment is still indicated as late as 24 hr after in-
gestion, with some data showing effectiveness up to 36 hr postingestion.*®

For the short-term treatment of osteoarthritis of the knee, acetaminophen
2.6 and 4 g/day are comparable to naproxen 750 mg/day and ibuprofen
1.2-2.4 g/day, respectively.*
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ASPIRIN Various

Pharmacology. Aspirin is an analgesic, antipyretic, and anti-inflammatory agent.
Anti-inflammatory properties are related to the inhibition of prostaglandin biosyn-
thesis. Aspirin nonselectively inhibits cyclo-oxygenase-1 (COX-1), which is asso-
ciated with GI and renal effects and inhibition of platelet aggregation, and cyclo-
oxygenase-2 (COX-2), which is associated with the inflammatory response.
Unlike other NSAIDs, its antiplatelet effect is irreversible and permanent (because
of transacetylation of platelet COX) for the life of the platelet (8—11 days). Salicy-
lates without acetyl groups (eg, sodium salicylate) have essentially no antiplatelet
effect but retain analgesic, antipyretic, and anti-inflammatory activities. Low
dosages (1-2 g/day) decrease urate excretion; high dosages (>5 g/day) induce uri-
cosuria.

Administration and Adult Dosage. PO or PR for fever or minor pain 325-
1000 mg q 4-6 hr, to a maximum of 4 g/day. PO for arthritis and rheumatic
conditions 3.6-5.4 g/day in 3—4 divided doses. PO for acute rheumatic fever
5-8 g/day in divided doses. PO for prevention of TIAs or stroke 81—
325 mg/day.>! PO for myocardial infarction risk reduction (primary prevention
in healthy men >50 yr with at least one major cardiovascular risk factor) 81-325
mg/day; (secondary prevention) 162-325 mg/day.”> PO for unstable angina
162-325 mg/day.”> PO for prevention of coronary artery bypass graft occlu-
sion 325 mg/day started 6 hr postoperatively and continued for 1 yr.3> PO for
nonrheumatic atrial fibrillation (patients who are poor candidates for, or de-
cline, oral anticoagulants) 325 mg/day; (patients <75 yr with no risk factors for
stroke) 325 mg/day.*® The optimum dosage for platelet inhibition has not been de-
termined; doses as low as 50 mg/day inhibit platelet aggregation and provide ef-
fective protection against thrombosis.>*

Special Populations. Pediatric Dosage. PO for juvenile rheumatoid arthritis
60-110 mg/kg/day in divided doses. PO for acute rheumatic fever
100 mg/kg/day in divided doses initially for 2 weeks, then 75 mg/kg/day in di-
vided doses for 4-6 weeks. PO for Kawasaki disease 80-120 mg/kg/day; de-
crease to 10 mg/kg/day after fever resolves. (See Precautions.) PO as an anal-
gesic/antipyretic 10-15 mg/kg/dose q 4 hr, to a maximum of 60-80 mg/kg/day.
Alternatively, (2-3 yr) 162 mg q 4 hr; (4-5 yr) 243 mg q 4 hr; (6-8 yr) 325 mg q
4 hr; (9-10 yr) 405 mg q 4 hr; (11 yr) 486 mg q 4 hr; (=12 yr) 650 mg q 4 hr.
(See Precautions.)

Geriatric Dosage. Use minimal effective dosages; elderly are more susceptible to
GI bleeding and acute renal insufficiency. PO for MI risk reduction (healthy
men >50 yr for primary prevention with cardiovascular risk factors) 81—
325 mg/day.”

Other Conditions. Uremia or reduced albumin levels are likely to produce higher
unbound drug levels that can increase pharmacologic or toxic effects. Dosage re-
duction might be required in these patients (eg, kidney disease, malnutrition).

Dosage Forms. Chew Tab 81 mg; EC Tab 81, 165, 325, 500, 650, 975 mg; SR
Tab 650, 800 mg; Tab 81, 325, 500 mg; Supp 120, 200, 300, 600 mg.
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Patient Instructions. Children and teenagers (<16 yr) should not use aspirin-
containing medications for chickenpox or flu symptoms because of the association
with Reye’s syndrome, a rare but serious illness. Take this drug with food, milk,
or a full glass of water to minimize stomach upset; report any symptoms of gas-
trointestinal ulceration or bleeding. Contact your physician if ringing in the ears or
gastrointestinal pain occurs. Do not crush or chew enteric-coated or sustained-re-
lease preparations. Avoid other products containing aspirin or nonsteroidal anti-
inflammatory drugs.

Missed Doses. 1f you take this drug on a regular schedule and you miss a dose,
take it as soon as you remember. If it is about time for the next dose, take that dose
only. Do not double the dose or take extra.

Pharmacokinetics. Onset and Duration. PO onset of analgesia 30 min.”'

Serum Levels. (Salicylate) 150-300 mg/L (1.1-2.2 mmol/L) for rheumatic dis-
eases, often accompanied by mild toxic symptoms. Tinnitus occurs at 200—
400 mg/L (1.5-2.9 mmol/L), hyperventilation at >350 mg/L (2.6 mmol/L), acido-
sis at >450 mg/L (3.3 mmol/L), and severe or fatal toxicity at >900 mg/L
(6.6 mmol/L) 6 hr after acute ingestion. >

Fate. Rapidly absorbed from the GI tract; oral bioavailability of aspirin is
80-100%. Enteric coating does not adversely affect absorption.’” A single anal-
gesic/antipyretic dose produces peak salicylate levels of 30-60 mg/L (0.22—
0.44 mmol/L). Aspirin is 49% plasma protein bound, decreased in uremia; Vy is
0.15 = 0.03 L/kg; Clis 0.56 = 0.07 L/hr/kg. Aspirin is rapidly hydrolyzed to sali-
cylate, which also is pharmacologically active. Salicylate is metabolized primarily
in the liver to 4 metabolites (salicyluric acid, phenolic and acyl glucuronides, and
gentisic acid). Salicylate plasma protein binding is dose dependent, 95% at
15 mg/L and 80% at 300 mg/L, and decreased in uremia, hypoalbuminemia,
neonates, and pregnancy; V4 is 0.17 + 0.03 L/kg; Cl is dose dependent,
0.012 L/hr/kg at 134-157 mg/L, and decreased in hepatitis and neonates. Only 1%
of a dose of aspirin is excreted unchanged in the urine.

ty. (Aspirin) 0.25 + 0.03 hr.' (Salicylate) dose dependent: 2.4 hr with 0.25 g, 5 hr
with 1 g, 6.1 hr with 1.3 g, 19 hr with 10-20 g.%

Adverse Reactions. Hearing impairment, GI upset, and occult bleeding are fre-
quent, with acute hemorrhage from gastric erosion also likely. As with other
NSAIDs, aspirin can cause renal dysfunction, particularly in those with pre-exist-
ing renal disease or CHF. Rare hepatotoxicity occurs, primarily in children with
rheumatic fever or rheumatoid arthritis and adults with SLE or pre-existing liver
disease;* the syndrome of asthma, angioedema, and nasal polyps can be provoked
in susceptible patients.”’ A single analgesic dose can suppress platelet aggregation
and prolong bleeding time for up to 1 week; large dosages can prolong PT.°!

Contraindications. Bleeding disorders; asthma; hypersensitivity to other NSAIDs
or tartrazine dye.

Precautions. Use with caution in patients with renal disease, gastric ulcer, bleed-
ing tendencies, hypoprothrombinemia, or history of asthma, or during anticoagu-
lant therapy. Because of the association with Reye’s syndrome, the use of salicy-
lates in children and teenagers with flu-like symptoms or chickenpox is not
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recommended.®>% Those developing bronchospasm with aspirin can develop sim-
ilar reactions to other NSAIDs.%” Sodium salicylate and other nonacetylated sali-
cylates (except diflunisal) are usually well tolerated in these patients.®>%*

Drug Interactions. Alkalinizing agents (eg, acetazolamide, antacids) can reduce
salicylate levels; acetazolamide also can enhance CNS penetration of salicylate.
Corticosteroids can reduce serum salicylate levels. Large doses of salicylates can
increase oral anticoagulant effect; even small doses can increase risk of bleeding
with oral anticoagulants or heparin because of the antiplatelet effect of aspirin. Al-
cohol and salicylate increase the risk of GI blood loss. Salicylates can cause an in-
creased response to sulfonylureas, especially chlorpropamide. Salicylate decreases
the uricosuric effect of uricosuric agents (eg, probenecid, sulfinpyrazone). Salicy-
late, especially in large doses, can decrease renal elimination of methotrexate and
displace it from plasma protein binding sites.

Parameters to Monitor. Monitor for abnormal bleeding or bruising and occult GI
blood loss (periodic hematocrit) in patients who ingest salicylates regularly.
Serum salicylate level determinations are recommended with higher dosage regi-
mens because of the wide variation among patients in serum levels produced.
Monitor renal function and hearing changes (tinnitus); however, using tinnitus as
an index of maximum salicylate tolerance is not recommended.

IBUPROFEN Advil, Motrin, Nuprin, Various

Pharmacology. Ibuprofen is an NSAID with analgesic and antipyretic prop-
erties. It is a nonselective inhibitor of cyclo-oxygenase-1 (COX-1) and cyclo-oxy-
genase-2 (COX-2) and reversibly alters platelet function and prolongs bleeding
time.

Administration and Adult Dosage. PO for mild to moderate pain 400 mg q 4-6
hr prn. PO for primary dysmenorrhea 400 mg q 4 hr prn. PO for rheumatoid
arthritis and osteoarthritis 400-800 mg tid or qid, to a maximum of 3.2 g/day.

Special Populations. Pediatric Dosage. PO for fever (6 months—12 yr) 5 mg/kg
for fever <102.5°F or 10 mg/kg for fever >102.5°F given q 6-8 hr, to a maximum
of 40 mg/kg/day. PO for pain (6 months—12 yr) 10 mg/kg q 6-8 hr prn, to a max-
imum of 40 mg/kg/day. PO for juvenile arthritis 30-40 mg/kg/day in 3 or 4 di-
vided doses; 20 mg/kg/day in milder disease.

Geriatric Dosage. Use minimal effective dosages because the elderly are more sus-
ceptible to GI bleeding and acute renal insufficiency.

Dosage Forms. Cap 200, 400 mg; Chew Tab 50, 100 mg; Tab 100, 200, 400,
600, 800 mg; Drp 40 mg/mL; Susp 20, 40 mg/mL.

Patient Instructions. This drug may be taken with food, milk, or antacid to mini-
mize stomach upset. Report any symptoms of gastrointestinal ulceration or bleed-
ing, skin rash, weight gain, or edema. Dizziness can occur; until the extent of this
effect is known, use appropriate caution.

Missed Doses. If you take this drug on a regular schedule and you miss a dose,
take it as soon as you remember. If it is about time for the next dose, take that dose
only. Do not double the dose or take extra.
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Pharmacokinetics. Serum Levels. 10 mg/L (48 umol/L) for antipyretic effect.”!
Serum concentrations over 200 mg/L (971 mmol/L) 1 hr after acute overdosage
may be associated with severe toxicity (apnea, metabolic acidosis, and coma).®

Fate. Rapidly absorbed from the GI tract with bioavailability over 80%.2' Peak
serum levels in children of 17-42 mg/L (82-204 pmol/L) after a dose of 5 mg/kg
and 25-53 mg/L (121-257 umol/L) after a dose of 10 mg/kg are achieved in 1.1
0.3 hr.% Greater than 99% plasma protein bound; metabolized to at least 2 inac-
tive metabolites; Vg is 0.15 + 0.02 L/kg, increased in cystic fibrosis; Cl is 0.045 £
0.012 L/hr/kg, increased in cystic fibrosis. Less than 1% is excreted unchanged in
the urine.?!

t 2 +0.5 hr.?' Adverse Reactions. Gastric distress, blood loss, diarrhea, vomit-
ing, dizziness, and skin rash occur occasionally; GI ulceration (for all NSAIDs
there is a greater risk in the elderly and with higher dosages) and fluid retention
have been reported.”’ Ibuprofen occasionally causes renal dysfunction, particu-
larly in those with pre-existing renal disease, CHF, or cirrhosis.?® A slight rise in
the bleeding time, elevation of liver enzymes, lymphopenia, agranulocytosis,
aplastic anemia, and aseptic meningitis have been reported rarely.’

Contraindications. Syndrome of nasal polyps; angioedema; bronchospastic reac-
tivity to aspirin or other NSAIDs.

Precautions. Avoid during pregnancy. Use with caution in patients with pre-
existing renal disease, CHF, or cirrhosis;%® a history of ulcer disease or bleeding;
or risk factors associated with peptic ulcer disease (eg, advanced age).

Drug Interactions. NSAIDs may inhibit the antihypertensive response to ACE in-
hibitors, B-blockers, diuretics, and hydralazine, and the natriuretic effect of diuret-
ics. Possible GI bleeding and the antiplatelet effect of NSAIDs can increase the
risk of serious bleeding during anticoagulant therapy. NSAIDs can decrease renal
lithium clearance. Some NSAIDs (especially indomethacin and ketoprofen) re-
duce methotrexate clearance. Indomethacin (and probably other NSAIDs) can re-
duce renal function.

Parameters to Monitor. Monitor for blood loss, weight gain, and renal function
during long-term use.

Notes. Misoprostol is effective in preventing NSAID-associated GI ulceration;
Ho-receptor antagonists, however, prevent duodenal but not gastric ulcerations
and may mask the signs and symptoms of NSAID-induced GI ulceration. Proton-
pump inhibitors (eg, omeprazole) are effective in treating NSAID-related dyspep-
sia and preventing NSAID-induced ulcers.”!

INDOMETHACIN Indocin, Various

Pharmacology. Indomethacin is an indoleacetic acid NSAID that is one of the
most potent nonselective inhibitors of cyclo-oxygenase available. In addition to its
anti-inflammatory effects, indomethacin has prominent analgesic and antipyretic
properties. It also has been used to suppress uterine activity and prevent premature
labor.
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Adult Dosage. PO for rheumatoid arthritis, rheumatoid (ankylosing)
spondylitis, and osteoarthritis of the hip 25 mg bid or tid initially. Increase in
25 mg/day increments at weekly intervals until satisfactory response or to a maxi-
mum of 150-200 mg/day. Alternatively, up to 100 mg of the daily dosage may be
given hs for persistent night or morning stiffness. PO for acute gouty arthritis
100 mg, followed by 50 mg tid until resolved. SR Cap 75 mg 1-2 times/day can
be substituted for all uses except gouty arthritis, based on the non-SR dosage.

Pediatric Dosage. IV for pharmacologic closure of persistent patent ductus
arteriosus in premature infants 0.2 mg/kg, followed by 2 additional IV doses of
0.1-0.25 mg/kg (depending on age) at 12- to 24-hr intervals. Alternatively, give
0.3 mg/kg as a single dose, or 1 or more doses of 0.1 mg/kg as a retention enema
or via orogastric tube.?"%!

Dosage Forms. Cap 25, 50 mg; SR Cap 75 mg; Supp 50 mg; Susp 5 mg/mL;
Inj 1 mg.

Pharmacokinetics. Indomethacin is rapidly and well absorbed from the GI tract,
with a bioavailability of 98%. Peak serum levels are reached within 2 hr with ef-
fective concentrations in the range of 0.3-3 mg/L (0.8-8 umol/L). It is 90%
plasma protein bound and has extensive O-demethylation and N-deacylation to in-
active metabolites; Vqis 0.29 + 0.04 L/kg; Cl is 0.084 + 0.012 L/hr/kg, lower in
premature infants, neonates, and the aged; 15 + 8% is excreted unchanged in the
urine. The half-life of the drug is 2.4 + 0.4 hr, higher in premature infants,
neonates, and the aged.

Adverse Reactions. Adverse effects are frequent, and about 20% of patients can-
not tolerate the drug. Frontal lobe headache, drowsiness, dizziness, mental confu-
sion, and GI distress are frequent, especially with dosages >100 mg/day; occa-
sional peripheral neuropathy, occult bleeding, and peptic ulcer occur. Pancreatitis,
corneal opacities, hepatotoxicity, aplastic anemia, agranulocytosis, thrombocy-
topenia, aggravation of psychiatric disorders, and allergic reactions are reported
rarely. The syndrome of asthma, angioedema, and nasal polyps may be provoked
in susceptible patients. Precautions, drug interactions, and monitoring are similar
to other NSAIDs. (See Ibuprofen.)

NAPROXEN Naprosyn

NAPROXEN SODIUM Anaprox
Pharmacology. (See Ibuprofen.)

Administration and Adult Dosage. PO for mild to moderate pain, dysmenor-
rhea, or acute tendinitis or bursitis (naproxen) 500 mg, followed by 250 mg q
6-8 hr, to a maximum of 1250 mg/day; (naproxen sodium) 550 mg, followed by
275 mg q 6-8 hr, to a maximum of 1375 mg/day. PO for rheumatoid arthritis,
osteoarthritis, and ankylosing spondylitis (naproxen) 250-500 mg bid initially,
to a maximum of 1500 mg/day for limited periods; (naproxen sodium) 275-
550 mg bid or 275 mg q morning and 550 mg q evening initially, to a maximum
of 1650 mg/day for limited periods. If no improvement has occurred after 4 weeks
of therapy, consider other drug therapy. PO for acute gout (naproxen) 750 mg,
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followed by 250 mg q 8 hr until resolved; (naproxen sodium) 825 mg, followed by
275 mg q 8 hr until resolved.

Special Populations. Pediatric Dosage. PO for juvenile arthritis 10 mg/kg/day
in 2 divided doses.

Geriatric Dosage. Use minimal effective dosages because the elderly are more sus-
ceptible to GI bleeding and acute renal insufficiency.

Dosage Forms. Tab (naproxen) 250, 375, 500 mg; (naproxen sodium) 220, 275,
550 mg; EC Tab (naproxen) 375, 500 mg; SR Tab (naproxen sodium) 375, 500,
750 mg; Susp (naproxen) 25 mg/mL.

Patient Instructions. (See Ibuprofen.)

Pharmacokinetics. Serum Levels. Trough concentrations >50 mg/L (>217
pmol/L) are associated with response in rheumatoid arthritis.”!

Fate. Rapidly absorbed from the GI tract with a bioavailability of about 99%.
Greater than 99.7% plasma protein bound, saturable with increasing dosage, in-
creased with uremia, cirrhosis, and in the elderly, and decreased in rheumatoid
arthritis and hypoalbuminemia; V4 is 0.16 + 0.02 L/kg, increased in uremia, cir-
rhosis, and rheumatoid arthritis. Cl is 0.0078 + 0.0012 L/hr/kg, increased in
rheumatoid arthritis, and decreased in uremia; less than 1% is excreted unchanged
in urine.”!

ty 14 = 1 hr, increased in the elderly.Z'

Adverse Reactions. Naproxen can occasionally cause renal dysfunction, particu-
larly in those with pre-existing renal disease, CHF, or cirrhosis. Interstitial nephri-
tis and nephrotic syndrome have been reported.72,73 (See also Ibuprofen.) Con-
traindications, precautions, drug interactions, and monitoring are similar to other
NSAIDs. (See Ibuprofen.)

SELECTIVE COX-2 INHIBITORS:
CELECOXIB Celebrex

ROFECOXIB Vioxx

Pharmacology. Inhibition of the COX-2 enzyme isoform is thought to be respon-
sible for the anti-inflammatory effects of NSAIDs, whereas inhibition of COX-1
results in GI and possibly other side effects. A relatively selective COX-2 in-
hibitor should combine anti-inflammatory, analgesic, and antipyretic efficacies
equivalent to older, nonselective NSAIDs with improved safety.”

Administration and Adult Dosage. (Celecoxib) PO for osteoarthritis 100 mg
bid or 200 mg daily; PO for rheumatoid arthritis 100-200 mg bid; PO for fa-
milial adenomatous polyposis 400 mg bid. (Rofecoxib) PO for osteoarthri-
tis 12.5-25 mg once daily; PO for acute pain and primary dysmenorrhea
50 mg/day prn, to a maximum of 5 days of consecutive use.

Special Populations. Pediatric Dosage. (<18 yr) Safety and efficacy not estab-
lished for either agent.
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Geriatric Dosage. (Celecoxib) Dosage adjustment is usually not necessary; how-
ever, use the lowest effective dose; (<50 kg) initiate therapy at the lowest recom-
mended dose. (Rofecoxib) dosage adjustment is not necessary; however, initiate
with the lowest recommended dose.

Dosage Forms. (Celecoxib) Cap 100, 200 mg. (Rofecoxib) Tab 12.5, 25, 50 mg;
Susp 2.5, 5 mg/mL.

Patient Instructions. This drug can cause headache, upset stomach, or diarrhea.
Report edema, rash, unusual weight gain, or signs and symptoms of gastrointesti-
nal bleeding to your physician. Avoid products that contain aspirin and non-
steroidal anti-inflammatory drugs unless otherwise directed. Take without regard
to meals (except take with food if taking celecoxib 400 mg bid).

Missed Doses. If you take this drug on a regular schedule, take a missed dose as
soon as you remember. If it is about time for the next dose, take that dose only; do
not double the dose or take extra.

Pharmacokinetics. Fate. (Celecoxib) Absolute bioavailability not studied. Peak
plasma levels occur in 3 hr. With high-fat meals, peak levels are delayed 1-2 hr
with accompanying increases in total absorption of 10-20%; 97% plasma protein
bound. Predominantly metabolized hepatically by CYP2C9 to inactive metabo-
lites with <3% excreted unchanged in urine or feces. (Rofecoxib) Rapidly ab-
sorbed from the GI tract with bioavailability of 93%. Peak plasma level occurs in
2-3 hr and is delayed 1-2 hr when taken with a high-fat meal, with no effect on
peak plasma concentration or extent of absorption; 87% plasma protein bound.
Metabolism is predominantly by cytosolic enzymes with minor P450 involve-
ment. Inactive metabolites. Predominantly eliminated via hepatic metabolism with
<1% unchanged drug excreted in urine.

ty. (Celecoxib) 11 hr; (rofecoxib) 17 hr.

Adverse Reactions. COX-2 inhibitors can cause GI toxicity, dyspepsia, abdomi-
nal pain, nausea, vomiting, and diarrhea at a rate similar to placebo and less than
conventional NSAIDs. Renal and liver effects are equivalent to other NSAIDs.”7®

Contraindications. (Celecoxib, rofecoxib) History of aspirin- or NSAID-induced
asthma, urticaria, or allergic type reactions. (Celecoxib) allergy to sulfonamides.

Precautions. Use celecoxib and rofecoxib cautiously in patients with pre-existing
asthma, renal or hepatic compromise, fluid retention, hypertension, or CHF.

Drug Interactions. NSAIDs can diminish the effects of ACE inhibitors, furose-
mide, and thiazide diuretics and increase lithium plasma levels. Concurrent use
with anticoagulants can increase the risk of bleeding. (Celecoxib) Inhibitors of
CYP2C9 (eg, fluconazole) can increase serum concentrations of celecoxib. (Rofe-
coxib) Increased serum concentrations (23%) and reduced renal clearance of
methotrexate. Rifampin decreases rofecoxib serum levels by 50%.

Parameters to Monitor. Monitor for weight gain, renal function during long-term
use, and occult blood loss if on concomitant aspirin or anticoagulant therapy.

Notes. Celecoxib 100 or 200 mg bid is as effective as naproxen 500 mg bid for
the treatment of osteoarthritis and produces fewer gastroduodenal ulcers than
naproxen, dicofenac, or ibuprofen.” Likewise, rofecoxib 12.5 or 25 mg is as ef-
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fective as ibuprofen 800 mg tid and diclofenac 50 mg tid for the treatment of os-
teoarthritis and produces fewer gastroduodenal ulcers than ibuprofen.” Parecoxib
(Pharmacia) is an injectable COX-2 inhibitor being studied for the treatment of
acute pain. Doses of 20 and 40 mg have been used in clinical trials. It appears to
be as effective as injectable ketorolac, but with improved safety. Parecoxib is a
water-soluble prodrug of valdecoxib (Pharmacia) which is also pending FDA ap-
proval as an oral drug.
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CLASS
AND DRUG DOSAGE FORMS ADULT DOSAGE HALF-LIFE (HR) COMMENTS

ACETIC ACIDS

Diclofenac Tab (diclofenac potassium) 50 mg PO (pain, dysmenorrhea) (Cataflam) 11+£02 Although it is unclear whether the risk of
Cataflam Tab (diclofenac sodium) 50, 75 mg plus 50 mg tid; hepatotoxicity is any greater than with
Voltaren misoprostol 200 g (Arthrotec). PO (arthritis) 100-200 mg/day in other NSAIDs, careful monitoring of
Various SR Tab (diclofenac sodium) 25, 50, 75, 2 doses. symptoms and liver function tests

100 mg PO SR 100 mg once or twice daily is recommended.
(dosages expressed as diclofenac).

Etodolac Cap 200, 300, mg PO (pain) 200-400 mg q 6-8 hr; 73+4 Recommended for treatment of osteo-
Lodine Tab 400, 500 mg PO (arthritis) 600—-1200 mg/day in arthritis; not as effective as other
Various SR Tab 500, 600 mg. 2-3 divided doses. NSAIDs for rheumatoid arthritis.

Indomethacin Cap 25, 50 mg PO (gouty arthritis) 100 mg, then 2404 See monograph. Associated with a high
Indocin SR Cap 75 mg 50 mg tid; frequency of CNS effects such as
Various Susp 5 mg/mL PO or PR (arthritis) 50-200 mg/day in drowsiness, dizziness, mental confusion,

Supp 50 mg 3 divided doses. and frontal lobe headache.
Inj 1 mg. SR in 1-2 doses, can substitute for
equal daily dosage of non-SR.

Ketorolac Tab 10 mg PO (pain, short term) 10 mg q 46 hr 45 For short-term (up to 5 days) use only.
Toradol Inj 15, 30, 60 mg. prn, to @ maximum of 40 mg/day for Do not exceed 60 mg/day parenterally
Various 5 days (including IM/IV). in patients 65 yr or older, under 50 kg,

IM or IV (short-term management of
pain) 30 or 60 (IM only) mg once, then
15-30mg q 6 hr.

or with elevated Crs.

(continued)
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CLASS
AND DRUG DOSAGE FORMS ADULT DOSAGE HALF-LIFE (HR) COMMENTS

Sulindac Tab 150, 200 mg. PO (arthritis) 300-400 mg/day in 2 15 + 4 (active Purported “renal-sparing” effect has

Clinoril divided doses. sulfide metabolite) been questioned. Because the active
sulfide metabolite has a relatively long
half-life, renal effects may not be
observed for several days.

Tolmetin Cap 400 mg PO (arthritis) 0.6—1.8 g/day in 3—4 49+03 Higher frequency of anaphylactoid
Tolectin Tab 200, 600 mg. divided doses. reactions than other NSAIDs.

Various

ANTHRANILIC ACIDS (FENAMATES)

Meclofenamate Cap 50, 100 mg. PO (pain) 50 mg q 46 hr; 3 The fenamates as a group are more
Meclomen PO (arthritis) 200-400 mg/day in 3—4 toxic than other NSAIDs and associated
Various divided doses. with headache, dizziness, and hemolytic

anemia.

Mefenamic Acid Cap 250 mg. PO (pain, dysmenorrhea) 250 mg q 6 hr 3 Not recommended; see Meclofenamate
Ponstel for up to 1 week. Comments.

NONACIDIC COMPOUNDS

Nabumetone Tab 500, 750 mg. PO (arthritis) 1-2 g/day in 1-2 doses. 23 + 4 (active Reported to have less Gl toxicity than
Relafen 6-MNA metabolite) other NSAIDs; however, additional well-

controlled, double-blind studies are
needed.

(continued)
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CLASS
AND DRUG DOSAGE FORMS ADULT DOSAGE HALF-LIFE (HR) COMMENTS

0XICAMS

Meloxicam Tab 7.5 mg. PO (arthritis) 7.5—15 mg once daily. 20 Less mucosal damage than with
Mobic piroxicam.

Piroxicam Cap 10, 20 mg. PO (arthritis) 20 mg/day in 1-2 doses. 48 +£8 Based on postmarketing surveillance
Feldene data, reported to cause about 12 times
Various more Gl adverse effects than ibuprofen.

High frequency of phototoxic cutaneous
eruptions.

PROPIONIC ACIDS

Fenoprofen Cap 200, 300 mg PO (pain) 200 mg q 46 hr; 25+05 Similar to ibuprofen.

Nalfon Tab 600 mg. PO (arthritis) 1.2—-2.4 g/day in 3-4
divided doses.

Flurbiprofen Tab 50, 100 mg. PO (arthritis) 200-300 mg/day in 2—4 38+12 Similar to ibuprofen.
Ansaid divided doses.

Ibuprofen Cap 200, 400 mg PO (pain, dysmenorrhea) 400 mg 2+05 See monograph.
Aavil Chew Tab 50, 100 mg q4-6hr;

Motrin Tab 100, 200, 400, 600, 800 mg PO (arthritis) 1.2-3.2 g/day in 3-4
Nuprin Drp 40 mg/mL divided doses.
Various Susp 20, 40 mg/mL.

Ketoprofen Cap 25, 50, 75 mg PO (pain) 25-50 mg q 6-8 hr; 1.8+£03 Similar to ibuprofen.
Orudis Tab 12.5 mg. PO (arthritis) 150-300 mg/day in 3
Oruvalil SR Cap 100, 150, 200 mg. divided doses.

Various PO SR 200 mg/day in 1 dose. (continued)
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CLASS
AND DRUG DOSAGE FORMS ADULT DOSAGE HALF-LIFE (HR) COMMENTS
Naproxen Tab (naproxen sodium) 220, 275, 550 mg PO (pain) 500 mg, then 250 mg q 6-8 hr; 14 +£1 See monograph. Equal in efficacy and
Aleve Tab (naproxen) 250, 375, 500 mg PO (arthritis) 0.5-1.5 g/day in 2 divided safety to ibuprofen
Anaprox EC Tab (naproxen) 375, 500 mg doses.
Naprelan SR Tab (naproxen) 375, 500, 750 mg PO (acute gout) 750 mg, then 250 mg
Naprosyn Susp (naproxen) 25 mg/mL. q 8 hr. (Doses expressed as naproxen.)
Various
Oxaprozin Tab 600 mg. PO (arthritis) 1.2 g/day in 1 dose. 50-60 Similar to other NSAIDs.
Daypro
SALICYLATES
Aspirin See monograph. PO (pain) 325-1000 mg q 4 hr; 0.25 + 0.03 (aspirin)  See monograph.
Various PO (arthritis) 3.6-5.4 g/day in 3—4 divided 2-19 (salicylate,
doses.? dose dependent)
Choline Magnesium Tab 500, 750 mg, 19 PO (pain, arthritis) 1.5-3 g/day in 1-2 2-19 (salicylate, Salicylate is only a weak inhibitor of
Trisalicylate Liquid 100 mg/mL. divided doses.? dose dependent) cyclo-oxygenase. It therefore has no
Trilisate antiplatelet effect and can usually be
administered safely to individuals with
aspirin sensitivity. See also Aspirin
monograph.
Diflunisal Tab 250, 500 mg. PO (arthritis) 250-500 mg bid. 11 + 2 (dose Not converted to salicylate; similar to
Dolobid dependent) other NSAIDs.
Various

(continued)



0¢

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS COMPARISON CHART (continued)

CLASS
AND DRUG DOSAGE FORMS ADULT DOSAGE HALF-LIFE (HR) COMMENTS
Magnesium Salicylate Tab 500, 545, 600 mg. PO (pain, arthritis) 3.6—4.8 g/day in 3-4 2-19 (salicylate, See Choline Magnesium Trisalicylate
Doan’s divided doses.? dose dependent) comments and Aspirin monograph.
Various
Salsalate Cap 500 mg PO (arthritis) 3 g/day in 2—3 divided 2-19 (salicylate, See Choline Magnesium Trisalicylate
Disalcid Tab 500, 750 mg. doses.? dose dependent) comments and Aspirin monograph.
Various
SELECTIVE COX-2 INHIBITORS
Celecoxib Cap 100, 200. PO for osteoarthritis 100 mg bid or 200 1.2 Equal efficacy to other NSAIDs with
Celebrex mg/day; improved Gl safety profile. (See
PO for rheumatoid arthritis 100-200 mg monograph.)
bid;
PO for familial adenomatous polyposis
400 mg bid with food.
Rofecoxib Tab 12.5, 25, 50 mg PO for osteoarthritis 12.5-25 mg/day 17 Equal efficacy to other NSAIDs with
Vioxx Susp 2.5, 5 mg/mL. PO for acute pain, primary dysmennorhea improved Gl safety profile. (See
50 mg/day, not to exceed 5 days. monograph.)

Long-term dosage for arthritis should be guided by serum salicylate levels; see Aspirin monograph.
Adapted from references 21, 61, 72, 73, and 77-85, and product information.
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Class Instructions. This drug can cause drowsiness. Until the extent of this effect
is known, use caution when driving, operating machinery, or performing other
tasks requiring mental alertness. Avoid excessive concurrent use of alcohol and
other drugs that cause drowsiness. Prolonged use of this drug can cause constipa-
tion, and concurrent use of a stool-softening or stimulant laxative may be helpful.
For moderate to severe pain (pain rating >5 on a 0-10 scale), you must take
doses at regular intervals around the clock to anticipate and prevent pain. When
the drug is taken at the correct interval and pain relief does not last for this period,
use additional “rescue” doses of a short-acting drug to maintain pain relief. When
more than 4 rescue doses are used in a day, contact the prescriber for a dosage in-
crease. Addiction does not occur when these drugs are used for legitimate painful
conditions. Dependence, a condition in which the body may go through withdrawal
when the drug is stopped suddenly, can occur with prolonged usage but can be
managed by slowly decreasing the dosage when the drug is no longer needed.
Missed Doses. If you miss a dose, take it as soon as you remember. If it is about

time for the next dose, take that dose only. Do not double the dose or take extra.
Take subsequent doses at the same interval previously established for pain relief.

CODEINE SALTS Various
Pharmacology. Codeine is 3-methoxymorphine, a phenanthrene opioid with very
low affinity for opioid receptors. Its analgesic activity appears to result from con-
version to morphine. Poor metabolizers of debrisoquine/sparteine (approximately
7% of the Caucasian population) cannot convert appreciable amounts of codeine
to morphine or obtain analgesia from codeine but are still subject to the same ad-
verse effects.®% (See Morphine Sulfate.)
Administration and Adult Dosage. PO, SC, or IM for analgesia 15-60 mg q
4-6 hr. PO or SC for antitussive action 10-20 mg q 4-6 hr, to a maximum of
120 mg/day. IV not recommended. (See Precautions.)
Special Populations. Pediatric Dosage. PO, SC, or IM for analgesia (=1 yr)
0.5 mg/kg q 4-6 hr. PO for antitussive action (2-6 yr) 2.5-5 mg q 4-6 hr, to a
maximum of 30 mg/day; (7-12 yr) 5-10 mg q 4-6 hr, to a maximum of 60
mg/day; (>12 yr) same as adult dosage. (See Notes.)

Geriatric Dosage. Same as adult dosage.”’

Other Conditions. Reduce initial dosage in debilitated patients or those with hy-
poxia or hypercapnia.

Dosage Forms. Tab 15, 30, 60 mg; Inj 15, 30, 60 mg/mL; Oral Liquid 2, 2.4, 3
mg/mL in various combinations. Formulated as phosphate or sulfate salt.

Patient Instructions. (See Opioids Class Instructions.)

Pharmacokinetics. Onset and Duration. PO, SC onset 15-30 min; IM peak anal-
gesia 0.5-1 hr; duration (all routes) 4-6 hr.”!

Fate. Systemic availability averages 40% but with a wide range (12-84%), re-
flecting large variability in hepatic enzyme activity.” A single PO 15 mg dose
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produces serum levels of 26-33 pg/L (82-104 nmol/L) in 2 hr and 13-22 ug/L
(41-69 nmol/L) in 5 hr.”* The drug is 7% plasma protein bound. Vq is 2.6 + 0.3
L/kg; Cl is 0.66 + 0.12 L/hr/kg." Metabolized in the liver to codeine-6-glu-
curonide, N-demethylated to norcodeine, and O-demethylated to morphine by ge-
netic polymorphic CYP2D6. Codeine-6-glucuronide is the major metabolite, and
norcodeine and morphine are minor metabolites, each accounting for approxi-
mately 10% of the dose.®® Accumulation of morphine occurs with repeated admin-
istration, resulting in a morphine:codeine AUC ratio of 0.29:1.°* Variation in the
reported rates of codeine conversion to morphine may be related to the assays
used, with much higher concentrations of morphine reported with radioimmunoas-
says than with HPLC or GC-MS.*? Primarily urinary excretion of inactive forms;
3-16% is excreted unchanged in urine.”

typ. 2.9+0.7 hr.

Adverse Reactions. Sedation, dizziness, nausea, vomiting, constipation, and res-
piratory depression occur frequently. Dose-related signs of intoxication are mio-
sis, drowsiness, decreased rate and depth of respiration, bradycardia, and hypoten-
sion. Dose-related adverse reactions in children are somnolence, ataxia, miosis,
and vomiting at 3-5 mg/kg/day and respiratory depression at >5 mg/kg/day. Be-
cause hepatic glucuronidation is incomplete in infants, they are at particular risk
for dose-related adverse effects.”

Precautions. Because it can cause severe hypotension, do not administer codeine
phosphate V.78

Drug Interactions. Potent CYP2D6 inhibitors (eg, quinidine, fluoxetine) can
abolish the conversion to morphine and the pharmacologic effects of codeine.”**

Notes. Codeine is no more effective than placebo in suppressing nighttime cough
in children. The American Academy of Pediatrics recommends that parents be ed-
ucated about the lack of proven antitussive effects and the potential risks of
codeine-containing products because overdosage has been reported.”®

FENTANYL Duragesic, Fentanyl Oralet, Sublimaze, Various

Pharmacology. Fentanyl is a phenylpiperidine opioid agonist with predominant
effects on the mu opioid receptor and is about 50-100 times more potent as an
analgesic than morphine. Other related compounds are sufentanil (Sufenta),
which is 5-7 times more potent than fentanyl; alfentanil (Alfenta), which is less
potent than fentanyl but acts more rapidly and has a shorter duration of action; and
remifentanil (Ultiva), which is more potent than fentanyl and is extremely short
acting because of its rapid ester hydrolysis.’*¥7 (See Morphine Sulfate.)

Administration and Adult Dosage. IV patient-controlled analgesia (PCA)
20-100 pg per activation with 3-10-min lockout period, both titrated to patient re-
sponse. (See Patient-Controlled Analgesia Guidelines Chart, page 44.) Epidurally
for analgesia 25-150 pg as an intermittent bolus dose or 25-150 pg/hr as a con-
tinuous infusion, titrated to patient response.”’ (See Notes and Intraspinal Narcotic
Administration Guidelines Chart, page 44.) Transdermal for analgesia calculate
the previous 24-hr analgesic requirement and convert this amount to the equal
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analgesic oral morphine dosage from the Opioid Analgesics Comparison Chart. A
short-acting opioid or the fentanyl lozenge (Actiq) must be used for control of
breakthrough pain until sufficient transdermal fentanyl is absorbed to achieve ade-
quate analgesia. Use the following table to determine the fentanyl transdermal
dosage from the daily equivalent oral morphine dosage:

TRANSDERMAL FENTANYL COMPARISON CHART

24-HR ORAL MORPHINE DOSAGE? (MG/DAY) FENTANYL TRANSDERMAL DOSAGE (j.G/HR)

45-134 25
135-224 50
225-314 75
315-404 100
405-494 125
495-584 150
585-674 175
675764 200
765-854 225
855-944 250
945-1034 275
1035-1124 300

@Assumes morphine 10 mg IM is equivalent to morphine 60 mg orally; however, because of individual
variability, equivalent dosages can vary among patients. These conversion dosages are conservative,
and approximately 50% of patients are likely to require a dosage increase after initial application. (See
Opioid Analgesics Comparison Chart.)

Initiate treatment using the recommended transdermal fentanyl dosage and in-
crease based on response no more frequently than q 3—6 days. Multiple transder-
mal patches can be used to achieve appropriate dosage (do not cut patches for a
partial dosage). To change treatment to another opioid, discontinue the transder-
mal patch for 12-18 hr and start treatment with the new opioid at about one-half
the equianalgesic dosage. IV for induction and maintenance anesthesia (load-
ing) 4-20 pg/kg, (maintenance) 2-10 pg/kg/hr, (additional bolus) 25-100 pg.'®
IV for postoperative (recovery room) pain control 50-100 pg q 1-2 hr as
needed; Lozenge (Oralet) for anesthesia premedication or induction of con-
scious sedation 5 pg/kg (provides effects similar to 0.75-1.25 pg/kg given IM), to
a maximum of 400 pg. Lozenge for the management of breakthrough cancer
pain (Actiq) in patients already receiving >60 mg of oral morphine/day or
>50 pg/hr of transdermal fentanyl initial dose of 200 pg. Until the appropriate
dose is reached, an additional dose can be used to treat an episode of breakthrough
pain. Re-administration can start 15 min after the previous lozenge has been com-
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pleted. Do not give >2 units for a breakthrough pain episode while a patient is in
the titration phase. Evaluate each new dose in the titration period over several
breakthrough pain episodes. If >4 units/day are needed, increase the dosage of the
long-acting opioid.

Special Populations. Pediatric Dosage. IV for sedation in neonates
9-20 pg/kg/hr; tolerance limits its usefulness for prolonged sedation.'®! IV for in-
duction and maintenance anesthesia (2-12 yr) 2-3 pg/kg initially, followed by
1-5 pg/kg/r.'® Lozenge for anesthesia premedication or induction of con-
scious sedation (<15 kg) contraindicated; (=15 kg) 5-15 pg/kg, to a maximum of
400 pg.

Geriatric Dosage. Lozenge for anesthesia premedication or induction of con-
scious sedation (>65 yr) 2.5-5 pg/kg, to a maximum of 400 ug. Altered pharma-
codynamics rather than pharmacokinetics appear to be responsible for increased
sensitivity in elderly patients.'%?

Other Conditions. In patients with head injury, cardiovascular, pulmonary, or he-
patic disease, consider a lower dosage of 2.5-5 pg/kg, to a maximum of 400 pg.

Dosage Forms. Inj 50 pg/mL; SR Patch 25, 50, 75, 100 ug/hr; Lozenge for
anesthesia (Oralet) 100, 200, 300, 400 ug; Lozenge (on a stick) for break-
through cancer pain (Actiq) 200, 400, 600, 800, 1200, 1600 pg.

Patient Instructions. (See Opioids Class Instructions.) (Fentanyl Actiq) once an
effective dosage is determined, limit consumption to =4 units/day.

Pharmacokinetics. Onset and Duration. IM onset 7-15 min; duration 1-2 hr.
Epidural onset 5 min; duration 4-6 hr.”! Transdermal onset 6-8 hr; peak 2472 hr;
duration after a single application 72 hr.'%!% More than 17 hr is required for
serum levels to fall by one-half after patch removal.

Serum Levels. (Analgesia) 1-3 pg/L (3-9 nmol/L);'®!1% (balanced anesthesia)
6-20 pg/L (18-60 nmol/L).!®

Fate. Bioavailability is 52% with lozenge. Of the fentanyl released by the trans-
dermal system, 92% is absorbed, but overall systemic bioavailability of the trans-
dermal preparation is approximately 30%. The drug is 84 + 2% plasma protein
bound,; it is metabolized rapidly primarily by the liver to norfentanyl and other in-
active metabolites; V4 is 4 + 0.4 L/kg; Clis 0.78 + 0.12 L/hr/kg, decreased in the
elderly and increased in neonates and children. Pharmacokinetics are not altered
in renal insufficiency or compensated hepatic cirrhosis. Less than 10% is excreted
unchanged in the urine 36102105

ty. 6.1 =2hr;'% 7.1-11 hr during cardiopulmonary bypass surgery.'®’

Adverse Reactions. (See Morphine Sulfate.) Unlike other opioids, fentanyl,
alfentanil, remifentanil, and sufentanil are not associated with histamine release
and may be preferable when cardiovascular stability is an issue.'”’ The frequency
of pruritus is lower than that of morphine but not as low as that of meperi-
dine.!%!197 PCA fentanyl produces less depression of postoperative cognitive func-
tion in elderly patients than does PCA morphine.'”® Development of withdrawal
reactions after use for sedation in neonates and infants is likely with a total dosage
>2.5 mg/kg or duration of infusion >9 days.'?”
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Contraindications. (See Morphine Sulfate.) (Fentanyl SR patch) acute or postop-
erative pain, including outpatient surgery; patients <12 yr or <50 kg; pain that can
be managed by conventional analgesics; and doses >25 pg/hr at the initiation of
opioid therapy. (Oralet) management of acute and chronic pain. (Actiq) manage-
ment of acute or postoperative pain.

Precautions. (See Morphine Sulfate.) Analyses of fentanyl transdermal systems
after 3 days of continuous application demonstrated a considerable amount of re-
maining drug (28-84%), which is a potentially lethal dose (1036 pg) for a 70-kg
individual.""® Cutting the membrane-controlled fentanyl transdermal system to
achieve a different dosage is not recommended because it can damage the in-
tegrity of the semipermeable membrane. Placing a piece of impermeable material
(eg, adhesive bandage) on the skin proportionate in surface area to the intended re-
duction in dosage may be effective.!!!

Drug Interactions. (See Morphine Sulfate.) The effects of fentanyl may be poten-
tiated by other CNS depressant drugs (eg, barbiturates, general anesthetics, nar-
cotics, and tranquilizers) and ritonavir, the latter by inhibition of CYP2D6.!"? Car-
bamazepine may decrease fentanyl’s effect during anesthesia for craniotomy.

Parameters to Monitor. Monitor vital signs and pain ratings routinely.

Notes. Epidural administration has not been shown to be more advantageous than
IV administration during surgery.''® Lack of rapid titratability precludes the use-
fulness of the transdermal fentanyl system for pain control in patients with rapidly
changing analgesic requirements. Transdermal fentanyl for cancer pain causes a
lower frequency of constipation than SR morphine.'* IV is the parenteral route of
choice after major surgery. This route is suitable for titrated bolus or continuous
administration but requires close monitoring because there is a great risk of respi-
ratory depression with inappropriate dosage.''

MEPERIDINE HYDROCHLORIDE Demerol, Various

Pharmacology. Meperidine is a phenylpiperidine opioid agonist with important
antimuscarinic activity and negative inotropic effects on the heart. Its major
metabolite, normeperidine, has excitant effects that can precipitate tremors, my-
oclonus, or seizures. Meperidine’s antimuscarinic activity might negate the miosis
that occurs with other opioids.®’ (See Morphine Sulfate.)

Administration and Adult Dosage. PO, IV, or SC for analgesia 50-150 mg q
3—4 hr. (See Notes.) Oral doses are about one-half as effective as parenteral doses.
Reduce dosage when given concomitantly with a phenothiazine or other drugs
that potentiate the depressant effects of meperidine. IV for shaking caused by
general anesthesia or amphotericin B 25-50 mg. (See Notes.) IM not recom-
mended.'

Special Populations. Pediatric Dosage. PO, IV, or SC for analgesia
1-1.8 mg/kg q 3-4 hr, to a maximum of 100 mg/dose. IM painful and should not
be used in children.!'® (See Notes.)

Geriatric Dosage. Same as adult dosage.
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Dosage Forms. Syrup 10 mg/mL; Tab 50, 100 mg; Inj 10, 25, 50, 75,
100 mg/mL.

Patient Instructions. (See Opioids Class Instructions.)

Pharmacokinetics. Onset and Duration. PO onset about 15 min; duration 2-3 hr.
SC or IM onset about 10 min; peak analgesia 0.5-1 hr; duration 2-3 hr.!*!

Serum Levels. 500700 pg/L (2-2.8 umol/L) appear to be required for analgesia.'”®

Fate. Oral bioavailability is about 52 + 3%, increasing to 80-90% in cirrhosis
caused by decreased first-pass metabolism.'”!'” After a single 100 mg IM dose,
mean serum levels of 670 pg/L (2.7 pmol/L) and 650 pg/L (2.6 pumol/L) are at-
tained in 1 and 2 hr, respectively''3'"%; 58 + 9% plasma protein bound, largely to
ay-acid glycoprotein; decreased in the elderly and in uremia.!”'® Vy is 4.4 =
0.9 L/kg, increased in the elderly and premature infants; Cl is 1.02 + 0.3 L/hr/kg,
reduced by 25% in surgical patients and 50% in cirrhosis, and reduced in acute
viral hepatitis.!* Hydrolyzed and metabolized in the liver to normeperidine (an ac-
tive metabolite), which is also hydrolyzed. An average of 2% unchanged drug and
1-21% (average 6%) normeperidine are excreted in urine.'?’

t. (Meperidine) o phase 12 min, § phase 3.2 hr, increasing to 7 hr in patients
with cirrhosis or acute liver disease and 14-21 hr in patients with moderate to se-
vere renal dysfunction.!'*!2122 (Normeperidine) 14-21 hr in normals, increasing
to 35 hr in renal failure.'??

Adverse Reactions. (See Morphine Sulfate.) Factors that can predispose to
normeperidine-induced seizures are dosage >400-600 mg/day, renal failure, his-
tory of seizures, long-term administration to cancer patients, and co-administra-
tion of agents that increase N-demethylation to normeperidine.'** (See Drug Inter-
actions.) Local irritation and induration occur with repeated SC injection.

Contraindications. MAO inhibitors within the past 14-21 days; chronic pain.

Precautions. (See Morphine Sulfate.) Avoid in patients with reduced renal func-
tion and avoid continuous administration for more than a few days. The combina-
tion of meperidine with promethazine and chlorpromazine (DPT) for painful pro-
cedures is not recommended because it has poor efficacy compared with
alternative approaches and is associated with a high frequency of adverse ef-
fects.!3

Drug Interactions. (See Morphine Sulfate.) Concurrent use with an MAO in-
hibitor can cause marked blood pressure alterations, sweating, excitation, and
rigidity. Barbiturates, chlorpromazine, and phenytoin can decrease meperidine
serum concentrations and increase normeperidine, reducing analgesia and increas-
ing the risk of stimulation and seizures.'” Ritonavir can increase meperidine AUC
via CYP2D6 inhibition.'*?

Parameters to Monitor. Monitor vital signs and pain scores at regular intervals.
Jerking and twitching movements may be signs of normeperidine accumulation
and impending toxicity.'?

Notes. All opioids including meperidine and morphine increase biliary tract pres-
sure. Sphincter of Oddi spasm may be less with meperidine than with morphine,
but there is little evidence that this has clinical relevance. Unlike other opioids,
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meperidine is useful in treating the shaking and shivering associated with general
anesthesia or amphotericin B administration.'** Because of its low therapeutic
index, reserve meperidine for very brief courses in otherwise healthy patients who
have demonstrated untoward effects during treatment with other opioids such as
morphine or hydromorphone.'!> Because of its unreliable absorption and break-
through pain when meperidine is administered IM, more rapid and predictable
routes (eg, IV) are recommended.''®!>"12® Oral meperidine is not recommended
for cancer pain because the high dosage required to relieve severe pain increases
the risk of CNS toxicity.!®

METHADONE HYDROCHLORIDE Dolophine, Various

Pharmacology. Methadone is a phenylheptylamine opioid agonist qualitatively
similar to morphine but with a chemical structure unrelated to the alkaloid-type
structures of the opium derivatives. Analgesic activity of (R)-methadone is 8-50
times that of (S)-methadone, and (R)-methadone has a 10-fold higher affinity for
opioid receptors. Methadone is lipophilic and has considerable tissue distribution;
plasma concentrations during long-term treatment are sustained by this peripheral
reservoir. It does not share cross-tolerance with other opioids, and the dosage re-
quired to achieve analgesia in opioid-tolerant patients is much lower than predicted
by opioid conversion tables and single-dose studies. Unlike other opioids,
methadone does not have active or toxic metabolites that are associated with CNS
toxicity (eg, myoclonus, seizures).'?*'** Because methadone is a long-acting nar-
cotic agent, it can be substituted for short-acting narcotic agents for analgesia main-
tenance and detoxification. Methadone abstinence syndrome is similar to mor-
phine; however, onset is slower and duration is longer. (See Morphine Sulfate.)

Administration and Adult Dosage. PO, IV, or SC for pain 5-80 mg/day in 1-3 di-
vided doses. Dosage escalation is slower than with other opioids and averages ap-
proximately 2%/day." PO for maintenance and detoxification treatment the
minimum effective dosage for reducing illicit heroin use is approximately 60
mg/day, and the optimum dosage range is 80-120 mg/day. Premature termination of
treatment and use of suboptimal dosages remain common problems. If tapering is
attempted, taper gradually over 4-12 months or longer.”’! To convert from an-
other opioid decrease the previous opioid dosage by one-third over 24 hr and re-
place it with methadone using a dosage ratio of 1 mg oral methadone = 10 mg oral
morphine. During day 2, attempt another one-third decrease in the dosage of the pre-
vious opioid; on day 3, the final one-third of the dosage of the previous opioid may
be discontinued. Maintain the patient on an g-8-hr schedule with approximately
10% of the daily methadone dosage as an extra dose for breakthrough pain.'?

Special Populations. Pediatric Dosage. 1V for pain 0.1 mg/kg q 6-8 hr; PO for
pain 0.2 mg/kg q 6-8 hr.!®

Geriatric Dosage. Same as adult dosage.

Dosage Forms. Tab 5, 10 mg; Dispersible Tab 40 mg; Soln 1, 2, 10 mg/mL; Inj
10 mg/mL; Pwdr 50, 100, 500, 1000 g.

Patient Instructions. (See Opioids Class Instructions.) Increase dosage cau-
tiously with the assistance of your clinician.
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Pharmacokinetics. Onset and Duration. (Analgesia) onset SC 10-20 min, PO
30-60 min; peak SC 0.5-1 hr; duration PO, SC, or IV 4-5 hr after a single dose,
8-48 hr with multiple doses.'%3!2%130

Serum Levels. Best rehabilitation in methadone maintenance patients has been as-
sociated with serum levels >211 pg/L (682 nmol/L)."3? There is no good correla-
tion between serum levels and analgesia.'®

Fate. Oral bioavailability is 92 + 21%; 89% plasma protein bound. Pharmacoki-
netics are best described by a 2-compartment model. Vg is 3.8 + 0.6 L/kg; Cl is
0.084 = 0.03 L/hr/kg. Both Vgg and Cl are greater for (R)-methadone.'* Extent of
metabolism may increase with long-term therapy, resulting in a 15-25% decline
in serum levels, although this has also been attributed to poor compliance. Metab-
olized in the liver to inactive metabolites via N-demethylation; metabolites are ex-
creted in urine and bile.'” The drug is 24 + 10% excreted unchanged in the urine,
increased by urine acidification.'13>133

ty. B phase 35 + 12 hr;" (R)-methadone has a longer half-life (37.5 hr) than
(8)-methadone (28.6 hr).'

Adverse Reactions. (See Morphine Sulfate.) Because of its long half-life and lack
of cross-tolerance, patients receiving methadone are at greater risk for toxicity
when inappropriate dosage increases are made.

Precautions. (See Morphine Sulfate.) The process of switching from another opi-
oid to methadone is complex and should only be attempted by an experienced
clinician in an inpatient setting over 3-6 days. (See Administration and Adult
Dosage.)!?

Drug Interactions. (See Morphine Sulfate.) Carbamazepine, phenytoin, rifampin,
and other drugs that induce CYP3A4 can decrease methadone serum levels and
result in withdrawal symptoms in patients on methadone maintenance programs.
Diazepam, erythromycin, fluvoxamine, ritonavir, and possibly other enzyme in-
hibitors can increase methadone levels and effects.'>13*

Parameters to Monitor. During analgesia, monitor vital signs and pain ratings
routinely. During methadone maintenance, monitor for signs of withdrawal, which
include lacrimation, rhinorrhea, diaphoresis, yawning, restlessness, insomnia, di-
lated pupils, and piloerection.'3!

Notes. For treatment of narcotic addiction in detoxification or maintenance pro-
grams, methadone may be dispensed only by approved pharmacies. Maintenance
therapy (treatment for longer than 3 weeks) may be undertaken only by approved
methadone programs; this does not apply to addicts hospitalized for other medical
conditions.

MORPHINE SULFATE Various

Pharmacology. Morphine and other opioids interact with stereospecific opiate re-
ceptors in the CNS and other tissues. (See Opioid Receptor Specificity Compari-
son Chart.) Opioid analgesia is caused by actions at several CNS sites. Morphine
and other mu opioid agonists inhibit nociceptive reflexes through inhibition of
neurotransmitter release, have inhibitory actions on neurons conveying nocicep-
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tive information to higher brain centers, and enhance activity in descending path-
ways that exert inhibitory effects on the processing of nociceptive information in
the spinal cord. Mu receptors are responsible for analgesia, respiratory depression,
miosis, decreased GI motility, and euphoria. Stimulation of kappa receptors re-
sults in analgesia, less intense miosis and respiratory depression, dysphoria, and
psychotomimetic effects. It is unclear what the consequences of delta receptor
stimulation are in humans.® The relief of pain is fairly specific; other sensory
modalities are essentially unaffected, and mental processes are not impaired (un-
like anesthetics), except when given in large doses or to opiate-naive individuals.
These drugs also have antitussive effects, usually at dosages less than those re-
quired for analgesia.

Administration and Adult Dosage. With the exception of transdermal fentanyl,
there is no ceiling or maximum dosage for morphine or other opioid agonists, and
very large doses may be required for severe pain.''® PO for analgesia 8-20 mg q
4 hr; SR Tab, 12-hr (narcotic-naive patients) 30 mg q 8-12 hr initially; (narcotic-
tolerant patients) total daily oral morphine dosage equivalent in 2 divided doses q
12 hr; SR Cap, 24-hr (narcotic-naive patients) 20 mg q 24 hr initially; (narcotic-
tolerant patients) total daily oral morphine dosage equivalent q 24 hr; SC for
analgesia 5-15 mg q 4 hr (10 mg/70 kg is the optimal initial dose); PR for anal-
gesia 10-20 mg q 4 hr. IV for analgesia 4-10 mg, dilute and inject slowly over a
2-3-min period. IV infusion 1-10 mg/hr;'3> some patients with chronic pain may
require a dosage as high as 95 mg/hr or more.'3¢ IV PCA 1 mg per activation ini-
tially with 5-20 min lockout period, both titrated to patient response.'*”-!* Contin-
uous infusion combined with PCA is effective in chronic cancer pain.'** Epidural
for analgesia (unpreserved solution) (intermittent) 5 mg initially, may repeat
with 1-2 mg after 1 hr; (continuous infusion) 0.05-0.1 mg/kg loading dose, then
0.005-0.01 mg/kg/hr.'® IT for cancer pain (unpreserved solution) 0.4—
8.3 mg/day (average 1-23 mg/day);'*! IT for cesarean section (unpreserved so-
lution) 0.1 mg."* Intraventricular (unpreserved solution) 0.1-2 mg, repeated
approximately q 24 hr.'** Inhal for dyspnea 5-15 mg in 2 mL sterile water or NS
via nebulizer q 4 hr."* IM is painful and is not recommended.'®

Special Populations. Pediatric Dosage. PO 0.3 mg/kg q 3-4 hr. IV 0.05-
0.2 mg/kg q 4 hr. IV infusion 0.01-0.04 mg/kg/hr. Epidural 0.05-0.08 mg/kg. IT
0.01-0.03 mg/kg.116:145.146

Geriatric Dosage. Reduce initial dosage in elderly patients and make smaller per-
centage incremental increases in total daily dosage (eg, 25%) than in younger pa-
tients.

Other Conditions. Reduce initial dosage in debilitated patients.

Dosage Forms. Cap 15, 30 mg; Soln 2, 4, 20 mg/mL; Supp 5, 10, 20, 30 mg;
Tab 10, 15, 30 mg; SR Tab (8, 12 hr) 15, 30, 60, 100, 200 mg; SR Cap (24 hr)
20, 50, 100 mg; Inj (unpreserved solution) 0.5, 1, 10, 25, 50 mg/mL; (preserved
solution) 2, 3, 4, 5, 8, 10, 15, 25, 50 mg/mL.

Patient Instructions. (See Opioids Class Instructions.)

Pharmacokinetics. Onset and Duration. (Analgesia) onset IM 10-30 min; peak
0.5-1 hr; duration 3-5 hr.'%
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Serum Levels. Tt is speculated that moderate analgesia requires serum levels of at
least 50 pg/L (88 nmol/L).

Fate. Well absorbed from the GI tract, but first-pass conjugation is extensive, re-
ducing oral bioavailability to 24 + 12%.'*!47 Nebulized morphine by inhalation
has a low bioavailability, 5 + 3%, but a rapid peak at 10 min.'*” After an IM dose
of 10 mg, peak morphine levels of about 56 pg/L (98 nmol/L) are reached within
20 min. The drug is 35 + 2% plasma protein bound and decreased in acute viral
hepatitis, cirrhosis, and hypoalbuminemia.'” V4 is 2.12 L/kg in young normals and
1.16 L/kg in elderly patients; Cl is 2.02 L/hr/kg in young normals and
1.66 L/hr/kg in elderly patients.'> Morphine clearance reaches adult level by
age 6 months-2.5 yr." Inactivated in the liver, primarily by conjugation to
morphine-6-glucuronide (active) and morphine-3-glucuronide (inactive or antago-
nistic).'”!* Decreased clearance of glucuronide metabolites has been demonstrated
in patients with renal insufficiency.'** Greater plasma concentrations of morphine—
6-glucuronide are present with oral than with parenteral administration.'>' Mostly
excreted in urine; 14 + 7% as the active morphine-6-glucuronide and 3.4% (oral) to
9% (parenteral) of a dose is excreted unchanged.'*14%152

ty. 1.9 £ 0.5 hr, increased in neonates and premature infants.'”

Adverse Reactions. Respiratory and circulatory depression and constipation are
major adverse effects. Patients with renal failure are more prone to develop adverse
reactions.®® Dose-related signs of intoxication are miosis, drowsiness, decreased
rate and depth of respiration, bradycardia, and hypotension. Sedation, dizziness,
nausea, vomiting, sweating, and constipation occur frequently. Euphoria, dyspho-
ria, dry mouth, biliary tract spasm, postural hypotension, syncope, tachy- or brady-
cardia, urinary retention, and myoclonus occur occasionally. Myoclonus appears to
be somewhat dose related and has been described after large doses via IV or in-
traspinal routes. Myoclonus can be managed by changing to another opioid or with
a benzodiazepine or dantrolene.'**'>> Frequent adverse effects from epidural ad-
ministration are urinary retention and pruritus; the latter can be managed with
naloxone or butorphanol.'®” Possible allergic-type reactions are reported occa-
sionally. Most allergic-type reactions consist of skin rash and wheal and flare over
a vein, which can occur with IV injection; these are caused by direct stimulation of
histamine release, are not allergic, and are not a sign of a more serious reaction.
True allergy is rare. Confusion and disorientation have been linked to phenol and
formaldehyde preservatives in epidural infusions, and seizures have been associ-
ated with high-dose IV infusions containing sodium bisulfite.'3%!’

Precautions. Use with caution and in reduced dosage when giving concurrently
with other CNS-depressant drugs. Use with caution in pregnancy; the presence of
head injury, other intracranial lesions, or pre-existing increase in intracranial pres-
sure; patients having an acute asthmatic attack; COPD or cor pulmonale; decreased
respiratory reserve; pre-existing respiratory depression, hypoxia, or hypercapnia;
patients whose ability to maintain blood pressure is already compromised; patients
with atrial flutter or other supraventricular tachycardias; patients with prostatic hy-
pertrophy or urethral stricture; elderly or debilitated patients; and patients with
acute abdominal pain, when administration of the drug might obscure the diagnosis
or clinical course. Use with caution in the elderly and neonates and in patients with
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renal dysfunction or elevated bilirubin or LDH levels.!*$13%151153 [nfants >1 month
eliminate morphine efficiently and are unlikely to be unusually sensitive to the res-
piratory depressant effects but may require longer dosage intervals."* Do not ad-
minister IV, IT, or epidurally to opiate-naive patients unless a narcotic antagonist
and facilities for assisted or controlled respiration are immediately available.

Drug Interactions. Concurrent use of opioids with other CNS depressants (eg, al-
cohol, antipsychotics, general anesthetics, heterocyclic antidepressants, and seda-
tive-hypnotics) can cause respiratory depression. Cimetidine can increase serum
concentration and duration of effect of the opioids.'?

Parameters to Monitor. Monitor for pain control and signs of respiratory or car-
diovascular depression.

NALOXONE HYDROGHLORIDE Narcan, Various

Pharmacology. Naloxone, an N-allyl derivative of oxymorphone, is a narcotic
antagonist that competitively binds at opiate receptors. Naloxone is essentially
free of narcotic agonist properties and is used to reverse the effects of narcotic ag-
onists and drugs with partial agonist properties.'*®

Administration and Adult Dosage. IV (preferred) or SC for known or sus-
pected narcotic overdose 0.1-0.2 mg as a first dose, then progressively double the
dose q 2-3 min or 0.4 mg diluted in 9 mL saline and injected in 1-mL increments q
30-60 seconds, until respiration and consciousness have become normal or until
10 mg has been given. If response occurs, to prevent recurrent toxicity due to short
naloxone half-life, IV infusion at an hourly rate equal to the initial dose required
for arousal, with a possible repeat bolus of 50% required 20-30 min after start of
infusion.'*1% If a total of 10 mg has been given and there is no response, the diag-
nosis of narcotic overdose should be questioned. The frequency of repeat doses is
based on clinical evaluation of the patient. IV for postoperative narcotic depres-
sion 0.1-0.2 mg initially, may repeat q 2-3 min until desired level of reversal is
reached. Subsequent doses might be needed if the effect of the narcotic outlasts the
action of naloxone. (See Notes.) IV for epidural opioid-induced pruritus
0.005-0.01 mg/kg either in incremental doses or as an hourly infusion.!*’ PO for
opioid-induced constipation 4-12 mg not more often than q 6 hr; more frequent
administration might precipitate withdrawal. Give at a daily dose of approximately
20% of the 24-hr morphine dose. Initial doses should not exceed 5 mg.'"-16?

Special Populations. Pediatric Dosage. IV for known or suspected narcotic
overdose 0.01 mg/kg, may repeat as needed. IV for postoperative narcotic de-
pression 0.005-0.01 mg initially, may repeat q 2-3 min until desired level of
reversal is reached. IV (preferred) or SC for narcotic depression (neonates)
0.01 mg/kg initially, may repeat q 2-3 min until desired level of reversal is
reached.

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Inj 0.02, 0.4, 1 mg/mL.

Pharmacokinetics. Onset and Duration. Onset IV within 2-3 min, up to 15 min
when given IM or SC; duration variable but usually 1 hr or less.!%164
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Fate. From 59% to 67% metabolized by hepatic conjugation and renal elimination
of the conjugated compound.'®® Vy is approximately 2-3 L/kg;'>1% Cl is about
1.3 L/hr/kg. "

by 64 + 12 min in adults,'®’ 71 + 36 min in neonates.'*®

Adverse Reactions. Naloxone administration has been occasionally associated
with life-threatening complications such as pulmonary edema, seizures, hyperten-

sion, arrhythmias, and violent behavior within 10 min of parenteral administra-
tion, 159160

Contraindications. None known.

Precautions. Administration to narcotic-dependent persons (including neonates
of dependent mothers) might precipitate acute withdrawal symptoms.

Drug Interactions. None known except for opioid antagonism.

Parameters to Monitor. Respiratory rate, pupil size (might not be useful in
mixed-drug or narcotic partial agonist overdoses), heart rate, blood pressure, and
symptoms of acute narcotic withdrawal syndrome.

Notes. Naloxone is effective when administered endotracheally to patients with
difficult venous access.'® It is routinely used in the initial treatment of patients
with coma of unknown origin. Its use in clonidine overdose has produced mixed
results; use in septic and hemorrhagic shock has been disappointing.'*®

OPIOID PARTIAL AGONISTS

Pharmacology. These agents can be classified based on their effects on the opi-
oid receptors. Opioid partial agonists have analgesic effects but are characterized
by an analgesic ceiling, such that, beyond a certain point, further increases in
dosage do not result in additional analgesia but might produce adverse ef-
fects.$%11% Tramadol is partly metabolized by CYP2D6, thereby producing an ac-
tive metabolite (M1) that binds to mu opioid receptors. Patients who are poor me-
tabolizers of debrisoquine and sparteine have negligible M1 production and
reduced analgesia, although some pain relief remains because of activation of
monoaminergic antinociceptive pathways from tramadol enantiomers.*!7

Administration, Dosage, and Dosage Forms. (See Opioid Analgesics Compari-
son Chart.)

Patient Instructions. (See Opioids Class Instructions.)
Pharmacokinetics. (See Opioid Analgesics Comparison Chart.)

Adverse Reactions. Sedation, sweating, dizziness, nausea, vomiting, euphoria,
dysphoria (agents with delta receptor activity), and hallucinations are most fre-
quent. Occasionally, insomnia, anxiety, anorexia, constipation, dry mouth, syn-
cope, visual blurring, flushing, decreased blood pressure, and tachycardia are
reported. After parenteral use, diaphoresis, sting on injection, respiratory depres-
sion, transient apnea in the newborn from administration to the mother during
labor, shock, urinary retention, and alterations in uterine contractions during labor
occur rarely. Other rarely reported effects are muscle tremor and toxic epidermal
necrolysis. Local skin reactions and ulceration and fibrous myopathy at the injec-
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tion site have been reported with long-term parenteral use of pentazocine.®® Tra-
madol adverse reactions include seizures (some after the first dose) with recom-
mended and excessive dosages. Seizure risk is increased in patients taking con-
comitant medications that can reduce the seizure threshold (eg, heterocyclic
antidepressants, selective serotonin reuptake inhibitors, MAO inhibitors, neu-
roleptics) and with certain medical conditions (eg, epilepsy, head trauma, meta-
bolic disorders, alcohol and drug withdrawal, or CNS infection). In addition,
naloxone administration for tramadol overdose can increase the risk of seizure.
Anaphylactoid reactions also have been described in tramadol postmarketing sur-
veillance.''~'* Dependence/addiction and major psychological disturbances have
been reported with butorphanol nasal spray.'”

Contraindications. (Tramadol) prior allergy to any opiate; acute intoxication with
alcohol, hypnotics, centrally acting analgesics, opioids, or psychotropic drugs.
(See Notes.)

Precautions. (See Morphine Sulfate.) Also, use cautiously in MI patients because
pentazocine and butorphanol increase cardiac workload. All of these agents can
produce dependence and withdrawal symptoms after extended use.

Drug Interactions. (See Morphine Sulfate.) With the possible exception of tra-
madol, these agents can precipitate acute withdrawal in narcotic-dependent indi-
viduals.'”

Notes. Because of their ceiling effect, risk of precipitating opiate withdrawal, and
marked adverse effects, these agents are not recommended for the management of
cancer pain.'"® Effects of pentazocine are antagonized by naloxone. Naloxone in
Talwin NX tablets is not absorbed orally but theoretically prevents parenteral
abuse of the oral dosage form; however, IV abuse of Talwin Nx plus tripelen-
namine has been reported.'”®

OPIOID RECEPTOR SPECIFICITY COMPARISON CHART

RECEPTOR TYPE

DRUG Mu Kappa Delta
Buprenorphine  Partial agonist-antagonist Unknown Minimal activity
Butorphanol Partial agonist-antagonist Agonist Unknown
Dezocine Partial agonist-antagonist Agonist Minimal agonist activity
Morphine Agonist Minimal agonist activity ~ Unknown
Nalbuphine Antagonist Agonist Agonist
Pentazocine Partial agonist-antagonist Agonist Unknown
Tramadol® Partial or pure agonist® Minimal activity Unknown

Also blocks norepinephrine and serotonin reuptake.
"Not a classic agonist-antagonist; has little or no antagonist properties but appears to have partial mu
receptor agonist activity.
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PATIENT-CONTROLLED ANALGESIA (PCA) GUIDELINES CHART?

IV BOLUS LOCKOUT

DOSE INTERVAL
DRUG (MG) (MIN)
Buprenorphine 0.03-0.2 10-20
Fentanyl 0.02-0.1 3-10
Hydromorphone 0.1-0.5 3-15
Meperidine® 5-30 5-15
Methadone 0.5-3 10-20
Morphine? 0.5-3 5-20
Nalbuphine 1-5 5-15
Oxymorphone 0.2-0.8 5-15
Pentazocine 5-30 5-15
Sufentanil 0.003-0.015 3-10

aSome clinicians recommend combining PCA with a basal continuous infusion of the narcotic. The
hourly dosage is determined by the patient's previous narcotic dose requirements and adjusted
q 8-24 hr based on the dose of PCA holus administered, basal continuous infusion, and pain re-
sponse. A typical starting hourly basal continuous infusion rate for morphine in a 70 kg adult is
0.5-3 mg/hr.

"Use with caution (preferably avoid) for PCA and consider factors that might predispose to seizures, which
include dosage over 100 mg q 2 hr for longer than 24 hr, renal failure, or history of seizure disorder.
From references 91, 137, and 139.

INTRASPINAL NARCOTIC ADMINISTRATION
GUIDELINES CHART®

INTRASPINAL

BOLUS DOSE ONSET DURATION
ROUTE AND DRUG (MG) (MIN) (HR)
EPIDURAL
Alfentanil 0.7-2° Rapid 1.5-1.7°
Fentanyl 0.025-0.15 5 2-4
Hydromorphone 1-2 15 10-16
Methadone 1-10 10 6-10
Morphine 1-10 30 6-24
Sufentanil 0.015-0.05 15 4-6
INTRATHECAL (SUBARACHNOID)
Morphine 0.1-0.5 15 8-24

Jse only preservative-free preparations for intraspinal narcotic administration.

"Based on a 70 kg adult body weight (ie, 10-30 wg/kg).

Very short duration of action; requires epidural infusion to obtain prolonged analgesia. Like fentanyl,
prolonged epidural infusions produce high systemic concentrations and appear to have little advan-
tage over IV infusion.

From references 91 and 100.
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OPIOID ANALGESICS COMPARISON CHART

EQUIVALENT EQUIVALENT DURATION OF PARTIAL
DRUG AND PARENTERAL  ORAL DOSAGE® PARENTERAL/ORAL ANALGESIA ANTAGONIST
SCHEDULE? DOSAGE FORMS DOSAGE® (MG) (MG) EFFICACY RATIO (HR) ACTVITY
Alfentanil (C-Ii) Inj 500 p.g/mL. 1 — — <1 no
Alfenta
Buprenorphine (C-V) Inj 0.324 mg/mL 0.3-0.6 — — 6-8 yes
Buprenex SL tab 2, 8 mg. [0.4-0.8]%¢
Subutex?
Butorphanol Inj 1, 2 mg/mL 2 — 116 3-4 yes
Stadol (NC) Nasal Spray 10 mg/mL (1 mg/spray).f
Stadol NS (C-IV)
Codeine (C-1i) Inj 30, 60 mg/mL 120 30 1/2-2/3 4-6 no
Various Soln 3 mg/mL
Tab 15, 30, 60 mg.
Dezocine (NC) Inj 5, 10, 15 mg/mL. 10-15 — — 3-4 yes
Dalgan
Fentanyl (C-1l) Inj 50 pg/mL 0.1 — 1/5 1-2 no
Actiq SR Patch 25, 50, 75, 100 pg/hr (patch, 72)
Sublimaze Lozenge 100, 200, 300, 400 g
Various Lozenge on a stick 200, 400, 600, 800, 1200, 1600 .g.
Hydrocodone and Tab 5, 7.5, 10 mg with acetaminophen 400 mg, 2.5, 5, — 5 — 4-6 no
Acetaminophen (C-1li) 7.5 mg with acetaminophen 500 mg, 7.5 mg with
Vicodin acetaminophen 400, 500, 650, 750 mg, 10 mg with
Various acetaminophen 325, 400, 500, 650, 660 mg
Cap 5 mg with acetaminophen 500 mg
Soln 0.5 mg with acetaminophen 33 mg/mL. (continued)
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OPIOID ANALGESICS COMPARISON CHART (continued)

EQUIVALENT EQUIVALENT DURATION OF PARTIAL
DRUG AND PARENTERAL  ORAL DOSAGE® PARENTERAL/ORAL ANALGESIA ANTAGONIST
SCHEDULE? DOSAGE FORMS DOSAGE® (MG) (MG) EFFICACY RATIO (HR) ACTIVITY
Hydromorphone (C-1i) Inj 1,2, 4,10 mg/mL 15 1 1/5-1/2 3-5 no
Dilaudid Inj 250 mg
Various Tab1,2,3,4,8mg
Soln 1 mg/mL
Supp 3 mg.
Levorphanol (C-1Ii) Inj 2 mg/mL 2 — 12 4-6 no
Levo-Dromoran Tab 2 mg.
Meperidine (C-1i) Inj 10, 25, 50, 75, 100 mg/mL 75-100 50 1/3-1/2 2-4 no
Demerol Tab 50, 100 mg
Various Syrup 10 mg/mL.
Methadone (C-li) Inj 10 mg/mL g g 12 8-48 no
Dolophine Tab 5,10 mg
Various Dispersible Tab 40 mg
Pwdr 50, 100, 500, 1000 g
Soin 1, 2, 10 mg/mL.
Morphine (C-1) Inj0.5,1,2,4,5,8,10, 15, 25, 50 mg/mL 10 5 1/3 3-5 no
Various Tab 10, 15, 30 mg
Cap 15, 30 mg
Soln 2, 4, 20 mg/mL
SR Cap 20, 50, 100 mg
SR Tab 15, 30, 60, 100, 200 mg
Supp 5, 10, 20, 30 mg. (continued)
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OPIOID ANALGESICS COMPARISON CHART (continued)

EQUIVALENT EQUIVALENT DURATION OF PARTIAL
DRUG AND PARENTERAL ~ ORAL DOSAGE® PARENTERAL/ORAL ANALGESIA ANTAGONIST
SCHEDULE? DOSAGE FORMS DOSAGE® (MG) (MG) EFFICACY RATIO (HR) ACTIVITY
Nalbuphine (NC) Inj 10, 20 mg/mL. 10 — 1/6 3-6 yes
Nubain
Various
Oxycodone (C-1l) Cap 5 mg — 5 — 3-4 no
Oxycontin Tab 5 mg
Roxicodone Tab 2.5, 5 mg with acetaminophen 325 mg, 5 mg with aceta-
minophen 500 mg, 7.5 mg with acetaminophen 500 mg,
10 mg with acetaminophen 650 mg.
Soln 1, 20 mg/mL
SR Tab 10, 20, 40, 80 mg.
Oxymorphone (C-1l) Inj 1, 1.5 mg/mL 1-1.5 — 1/6 4-5 no
Numorphan Supp 5 mg.
Pentazocine (C-IV) Inj 30 mg/mL 30-60 25 1/3 2-3 yes
Talwin Tab 50 mg with naloxone 0.5 mg.
Talwin Nx Tab 12.5 mg with aspirin 325 mg, 25 mg with acetaminophen
Various 650 mg.
Propoxyphene (C-1V) Cap (HCI) 65 mg — 65 (HC) — 4-6 no
Darvon Tab (HCI) 65 mg with acetaminophen 650 mg. 100 (Napsylate)
Various Tab (Napsylate) 50, 100 mg
Tab (Napsylate) 50 mg with acetaminophen 325 mg, 100 mg
with acetaminophen 650 mg.
Susp (Napsylate) 10 mg/mL. (continued)
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OPIOID ANALGESICS COMPARISON CHART (continued)

EQUIVALENT EQUIVALENT DURATION OF PARTIAL
DRUG AND PARENTERAL ~ ORAL DOSAGE® PARENTERAL/ORAL ANALGESIA ANTAGONIST
SCHEDULE? DOSAGE FORMS DOSAGE® (MG) (MG) EFFICACY RATIO (HR) ACTIVITY
Remifentanil (C-1i) 0.1 — — <05 no
Ultiva
Sufentanil (C-1l) 0.01 — — 2.5-3.5 no
Sufenta
Tramadol (NC) — 25 — 4-6 —
Ultram Tab 50 mg with acetaminophen (Ultracet)

2Controlled Substance Schedule designated after each drug (in parentheses); NC = not controlled.

bParenteral dose equivalent to 10 mg morphine.

“Oral dose equivalent to 30 mg codeine. Not for SR products.
9Subutex and Suboxone (buprenorphine plus naloxone) are used in treating addiction.

°Equivalent sublingual dose.
Recommended dosage is one spray in one nostril, repeated prn in 60-90 min; this cycle may then be repeated g 3—4 hr prn pain.

9See Pharmacology and Notes in Methadone monograph.
From references 86, 91, 100, 103, 104, 117, 177-180 and product information.
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Aminoglycosides

AMINOGLYCOSIDES

Pharmacology. Aminoglycosides are aminocyclitol derivatives that have concen-
tration-dependent bactericidal activity against Gram-negative aerobic bacteria via
binding to the interface between the 30S and 50S ribosomal subunits; anaerobic
bacteria are universally resistant because aminoglycoside transport into cells is
oxygen dependent. Dibasic cations (eg, magnesium, calcium) and acidic conditions
decrease their in vitro action. Streptomycin and kanamycin have poor activity
against some Gram-negative bacteria, especially P. aeruginosa. Some Gram-
positive organisms (eg, streptococci) are relatively resistant to all aminoglycosides;
however, in combination with some penicillins or vancomycin, these organisms are
often synergistically inhibited or killed. Aminoglycosides have a postantibiotic ef-
fect against Gram-negative bacteria, which can be exploited by using less frequent
dosage intervals. Resistance is due to transferable plasmid-mediated enzymatic
modification or decreased drug uptake."? (See Notes.)

Administration and Adult Dosage. IM or IV by slow intermittent infusion over
30-60 min, although 15-min infusions are safe. Newer dosage regimens combine
the usual daily dosage into a single IV infusion administered over 60 min.>*
This method takes advantage of the concentration-related bactericidal effects and
postantibiotic effect of aminoglycosides and may result in less toxicity.* IT or
intraventricular administration is usually necessary to achieve therapeutic CSF
levels. (See Aminoglycosides Comparison Chart.)

Special Populations. Pediatric Dosage. (See Aminoglycosides Comparison Chart.)

Geriatric Dosage. Same as adult dosage, but adjust for age-related reduction in
renal function.

Other Conditions. Use of IBW for determining the mg/kg dosage appears to be
more accurate than dosage based on TBW. In morbid obesity, dosage requirement
may best be estimated using a dosing weight of IBW + 0.4 (TBW — IBW)."> With
conventional dosage methods, serum drug levels should be in the range of
3-10 mg/L; high peaks (>6 mg/L with gentamicin and tobramycin) may be associ-
ated with better outcome in bacteremia, pneumonia, and other systemic infec-
tions."? Critically ill patients with serious infections or in disease states known to
markedly alter aminoglycoside pharmacokinetics (eg, cystic fibrosis, burns, or
major surgery)' often have variable distribution and excretion of the drugs.
When the drug is administered once daily, higher peak concentrations (>10-
20 mg/L with gentamicin and tobramycin) are targeted based on the patients’s dis-
ease state and pharmacokinetic parameters.>> (See Aminoglycosides Comparison
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Chart.) Adjust dosage based on renal function. Individualization is critical because
these agents have a low therapeutic index. In renal impairment, the following
guidelines may be used to determine initial dosage (modified from reference 6):

1. Select loading dose in mg/kg (LBW or dosing weight as above) to pro-
vide peak serum levels in the range listed below for the desired aminogly-

coside.
USUAL LOADING DOSE EXPECTED PEAK
AMINOGLYCOSIDE SERUM LEVEL
Tobramycin 1-2 mg/kg 3-10 mg/L
Gentamicin 1-2 mg/kg 3-10 mg/L
Amikacin 5-7.5 mg/kg 15-30 mg/L

2. Select maintenance dose (as percentage of chosen loading dose) to con-
tinue peak serum levels indicated above, according to desired dosage in-
terval and the patient’s corrected Cle.

PERCENTAGE OF LOADING DOSE REQUIRED FOR DOSAGE INTERVAL SELECTED

Cler (ML/MIN) HALF-LIFE? (HR) 8 HR 12 HR 24 HR
90 3.1 84% — —
80 34 80 91% —
70 39 76 88 —
60 4.5 4l 84 —
50 53 65 79 —
40 6.5 57 72 92%
30 8.4 48 63 86
25 9.9 43 57 81
20 11.9 37 50 75
17 13.6 33 46 70
15 1561 31 42 67
12 17.9 27 37 61
10 20.4 24 34 56

I 25.9 19 28 47
5 315 16 23 4
2 46.8 " 16 30
o 69.3 8 " 21

aAlternatively, 50% of the chosen loading dose can be given at an interval approximately equal to the
estimated half-life.

"Use measured serum levels to adjust dosage for patients with Cly, <10 mL/min. Give supplemental
doses of 50-75% of the loading dose after each hemodialysis period.
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These guidelines are based on population data; serum levels in individual patients
might deviate from guideline estimates. No guidelines have been developed for
netilmicin or streptomycin.

Dosage Forms. (See Aminoglycosides Comparison Chart.)

Patient Instructions. Report any dizziness or sensations of ringing or fullness in
the ears.

Pharmacokinetics. Serum Levels. (See Parameters to Monitor and Aminoglyco-
sides Comparison Chart.)

Fate. Absorption after oral or rectal administration is about 0.2-2%; absorption
across denuded skin can reach 5%. Irrigation of vascularized areas (eg, peritoneal
cavity) results in absorption approximating IM use.” IM administration is fol-
lowed by rapid and complete absorption, with peak serum levels occurring after
0.5-1.5 hr. IV infusions over 0.5-1 hr produce serum levels similar to equal IM
doses. Binding of aminoglycosides to plasma proteins is low. These agents distrib-
ute rapidly into the extracellular fluid compartment with a V4 of about 0.3 +
0.08 L/kg, which is increased by fever, edema, ascites, and fluid overload, and in
neonates.® Aminoglycosides accumulate markedly in some tissues, especially the
renal cortex, to levels many times those found in the serum,>® particularly with
frequent dosage intervals compared with the same dosage given at less frequent
intervals.> Levels in the CSF of patients with meningitis generally do not exceed
25% of serum levels, except in neonates;>® penetration into the eye is inadequate
for treatment of intraocular infections. Penetration into lung tissues and sputum is
low, and large doses might be necessary to optimally treat pneumonia with rela-
tively insensitive organisms (eg, P. aeruginosa). Distribution of aminoglycosides
into the peritoneal cavity of patients with peritonitis is therapeutically adequate.”
Elimination is via glomerular filtration of unchanged drug;"* Cl is about 90% of
Cle. After discontinuation, low levels of aminoglycoside can be detected in the
urine for several days caused by excretion of drug that had accumulated in deep
tissue compartments.>®

ty. o Phase 5-15 min; B phase (adults) about 2 + 0.4 hr with normal renal func-
tion (1.5-9 hr in neonates <1 week and 3 hr in older infants); can be more variable
in certain groups (eg, obstetric and burn patients) despite normal renal function;
50-70 hr in anuria. A prolonged y elimination phase is observed when concentra-
tions fall to the lower range of detectability, representing egress from deep tissue
compartments and subsequent renal elimination; the half-life of this phase is
60-350 hr (usually 150-200).2® 8 Phase half-life is most important for use in cal-
culating individualized dosage, but the y phase may account for the gradual rise of
serum levels and apparent increase in half-life with continued therapy, despite sta-
ble renal function.>®

Adverse Reactions. Aminoglycoside-induced nephrotoxicity is usually mild and
reversible; progression to severe renal disease and dependence on dialysis is rare.
Nephrotoxicity is manifested by elevations in Cr;, BUN, and aminoglycoside
concentrations and appearance of renal tubular casts, enzymes, and (3,-microglob-
ulin and occurs in 5-30% of patients, depending on the criteria used and the popu-
lation risk factors present.">? Duration of therapy, prior aminoglycoside therapy,
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advanced age, pre-existing renal disease, liver disease, volume depletion, and fe-
male sex have been identified as risk factors for nephrotoxicity."> Concomitant
use of nephrotoxic drugs also increases the risk of nephrotoxicity. Elevated trough
levels are not a risk factor but often a result of nephrotoxicity.>!” There is no evi-
dence that there are clinically important differences in nephrotoxicity between
gentamicin, tobramycin, netilmicin, and amikacin.’ Depletion of magnesium and
other minerals caused by increased renal excretion occurs. Occasional, but often
permanent, vestibular toxicity is reported, usually in association with strepto-
mycin. Subclinical vestibular disturbances can be detected in 40% or more of pa-
tients receiving aminoglycosides."*® Early cochlear damage can be detected only
by sequential audiometric examination because hearing loss in conversational fre-
quencies is a sign of advanced auditory impairment. Furthermore, early auditory
damage is not as apparent in the elderly or others with pre-existing high-tone
deficits. Risk factors for ototoxicity are duration of therapy, bacteremia, hypo-
volemia, peak temperature, and liver disease.'? Elevated serum concentrations ap-
parently are not associated with increased ototoxicity risk,'® and there are no
apparent clinically important differences between gentamicin, tobramycin,
netilmicin, and amikacin.” Oral aminoglycosides, primarily neomycin, have been
associated with a sprue-like malabsorption syndrome."? Neuromuscular blockade
with respiratory failure is rare, except in predisposed patients. (See Precautions.)

Precautions. Pregnancy; pre-existing renal impairment; vestibular or cochlear
impairment; myasthenia gravis; hypocalcemia; postoperative or other conditions
that depress neuromuscular transmission.

Drug Interactions. Concurrent or sequential use of other nephro- or ototoxic
agents can increase the risk of aminoglycoside toxicities. Concurrent use of
aminoglycosides with neuromuscular blocking agents can potentiate neuromuscu-
lar blockade and cause respiratory paralysis.” The action of oral anticoagulants
can be potentiated by oral neomycin, presumably via reduced absorption or syn-
thesis of vitamin K. Ticarcillin and acylampicillins can degrade aminoglycosides
in vitro, resulting in artificially low levels; the extent of degradation is dependent
on time, temperature, and B-lactam concentration.*!! Degradation can occur in
vivo in patients with renal insufficiency.'> Amikacin is the aminoglycoside least
susceptible to B-lactam inactivation.®!!

Parameters to Monitor. Renal function tests before and q 2-3 days during ther-
apy. Audiometry and electronystagmography may be performed in patients able
to cooperate. Monitor aminoglycoside serum concentrations carefully, especially
in the elderly, those with renal impairment, hemodynamically unstable patients,
and those requiring high peak serum concentrations or prolonged (>10 days) ther-
apy. In adults receiving conventional therapy, monitor serum levels after steady
state is achieved. With once-daily therapy targeting high peaks and undetectable
troughs, obtain levels after the first dose. Obtain follow-up levels if renal function
changes.>™ In neonates or other patients with rapidly changing renal function, ob-
tain serum drug concentrations initially and q 2-3 days until stable. However,
with once- or twice-daily dosage and in pediatric patients, trough serum levels
are often undetectable and other sampling strategies are necessary.>>'%(See also
Special Populations, Other Conditions.)
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Notes. Of the available aminoglycosides, gentamicin, tobramycin, netilmicin, and
amikacin are the most clinically useful. Streptomycin use is largely restricted to
the treatment of enterococcal endocarditis (in combination with ampicillin), tuber-
culosis, brucellosis, plague, and tularemia; it is currently available only for com-
passionate use from the manufacturer. Amikacin is often used as part of a com-
bination regimen for treatment of Mycobacterium avium complex infection.
Neomycin is much more toxic than the other aminoglycosides when given par-
enterally; it is restricted to oral use for gut sterilization and topical use for minor
infections. Resistance among Gram-negative organisms, especially P. aeruginosa,
has virtually eliminated the systemic use of kanamycin. Tobramycin is roughly
equivalent to gentamicin therapeutically, although it is about 2—4 times more ac-
tive against P. aeruginosa than is gentamicin, is often active against gentamicin-
resistant P. aeruginosa, and might be preferred because of a superior peak-to-MIC
ratio.! Resistance of Gram-negative bacilli is lowest with amikacin; amikacin use
does not appear to result in increased resistance to the drug.!?
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AMINOGLYCOSIDES COMPARISON CHART

USUAL THERAPEUTIC
SERUM LEVELS (MG/L)®
DRUG DOSAGE FORMS ADULT DOSAGE* PEDIATRIC DOSAGE? Peak’ Trough
Amikacin Sulfate Inj 50, 250 mg/mL. IM or IV 15-20 mg/kg/day in IMor IV (<1 week) 12-15 mg/kg 20-35 <10
Amikin 2 equally divided doses; q 36-48 hr;
IT 5-20 mg/day. IMor IV (infants >1 week)
12 mg/kg q 24 hr;
IM or IV (children) same as
adult mg/kg dosage.
Gentamicin Sulfate Inj 10, 40 mg/mL IM or IV 5-6 mg/kg/day in equally IMor IV (<1 week) 4-5 mg/kg 6-12 <2
Garamycin IT Inj 2 mg/mL divided doses g 8—12 hrorin a q 36-48 hr;
Various Ophth Qint 3 mg/g single-dose IV q 24 hr;? IMor IV (infants >1 week)
Ophth Soln 3 mg/mL IM or IV for less serious infections? 4 mg/kg q 24 hr;
Top Crm 0.1% 3-5 mg/kg/day in equally divided IM or IV (children) 6-7.5 mg/
Top Qint 0.1%. doses q 812 hr or in a single-dose kg/day (7—10 mg/kg/day in
IV.q 24 hr; cystic fibrosis) in 3—4 equally
IT4-8mg q 24 hr. divided doses q 6-8 hr;
IT1-2mgq 24 hr.
Netilmicin Sulfate Inj 100 mg/mL. IM or IV 3%-6.5 mg/kg/day in Same as gentamicin. 6-12 <2
Netromycin 1-3 equally divided doses q

8-24hr.

(continued)
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AMINOGLYCOSIDES COMPARISON CHART (continued)

USUAL THERAPEUTIC
SERUM LEVELS (MG/L)®
DRUG DOSAGE FORMS ADULT DOSAGE* PEDIATRIC DOSAGE* Peak® Trough
Streptomycin Sulfate Inj 400 mg/mL. IM 15-25 mg/kg/day (usually IM (neonates) 20—-30 mg/kg/day 15-30 <5
Various 1-2 g/day) in 2 equally in 2 equally divided doses q
divided doses q 12 hr; 12 hr;
IM for TB 12—15 mg/kg/day IM (children) 20—-40 mg/kg/ day in
to a maximum of 1 g or 25-30 2 equally divided doses q 12 hr;
mg/kg to a maximum of 1.5 ¢ IM for TB 20-40 mg/kg/ day
2-3 times/week. or 25-30 mg/kg 2-3 times/week.
Tobramycin Sulfate Inj 10, 40 mg/mL IM or IV same as gentamicin; IM or IV same as gentamicin; 6-12 <2
Nebcin nj1.2g IV for cystic fibrosis 10 mg/kg/day; IV for cystic fibrosis 10 mg/kg/day;
TOBI Ophth Qint 3 mg/g Inhal for cystic fibrosis 300 mg Inhal for cystic fibrosis 300 mg
Various Ophth Soln 3 mg/mL q 12 hr for 28 days; q 12 hr for 28 days.

Nebulizer Soln 60 mg/mL. [T 4-8 mg q 24 hr.

aFor systemic infections; UTls are adequately treated with lower dosages.

"Based on divided doses given q 8-12 hr; higher peaks and lower (or undetectable) troughs are seen when less frequent dosage intervals are used.

°As seen 30 min after a 30-min IV infusion or approximately 1 hr after IM administration of a usual adult dose. Uncomplicated UTIs can be treated with smaller doses that produce much lower
serum levels; however, serious infections, such as Gram-negative bacteremia, pneumonia, or endocarditis might require doses resulting in serum levels in the higher part of the range. Clinical
efficacy appears to increase as the ratio of the peak serum level to the MIC of the pathogen increases. '®

These doses conform to those used in published clinical trials, but higher dosages might be necessary in certain patient populations.
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Antifungal Drugs

AMPHOTERICIN B Fungizone
AMPHOTERICIN B CHOLESTERYL SULFATE Amphotec
AMPHOTERICIN B LIPID COMPLEX Abelcet
LIPOSOMAL AMPHOTERICIN B AmBisome

Pharmacology. Amphotericin B is a polyene macrolide antifungal drug isolated
from the bacteria Streptomyces nodosus. Drug binding to ergosterol constituents
within the cytoplasmic membrane of fungi, with subsequent disruption of mem-
brane integrity and function, is the pharmacologic mechanism of action for am-
photericin B. Innate or acquired resistance to amphotericin B is rare. Sensitivity of
fungi to amphotericin B is related to the concentration of ergosterol present in the
cytoplasmic membrane.'®!’

Administration and Adult Dosage. Intravenous (See Amphotericin B Formula-
tions Comparison Chart.) A test dose may be given before the first amphotericin
B dose. The greatest utility of a test dose is identification of patients particularly
sensitive to infusion-related adverse effects of amphotericin B, or identification of
patients with hypersensitivity to an alternative amphotericin B formulation. Con-
ventional amphotericin B 1 mg in D5W 20 mL, or an adequate admixture volume
to deliver 2-5% of the initial dose of any amphotericin B formulation, infused
over 10-20 min without premedication can be used as a test dose. Monitor pa-
tients closely for 30-60 min after the test dose.'® The manufacturer of ampho-
tericin B lipid complex recommends against a test dose. Initiate therapy with the
full treatment dose for patients with life-threatening fungal disease. Some advo-
cate initiation of amphotericin B at a fraction of the therapeutic dose with daily in-
cremental increases to achieve the desired therapeutic dosage. Although it has not
been evaluated in a controlled manner, the intent of this approach is improvement
of patient tolerance to infusion-related adverse effects.'®!® Maintenance therapy
conventional amphotericin B and amphotericin B lipid complex can be given
every other day or Monday, Wednesday, and Friday.'%! IV for prophylaxis
after bone marrow transplantation (conventional amphotericin B) 0.1 mg/kg or
5-10 mg daily has been used.”’ Infusion time the frequency and severity of
infusion-related adverse effects is similar with administration of amphotericin B
over 1-2 hr and 4-6 hr. To prevent drug-induced hyperkalemia, amphotericin B
must be infused over 4-6 hr in patients with renal failure, pre-existing hyper-
kalemia, or markedly reduced potassium clearance.'® Duration of therapy with
amphotericin B is not well defined. Patients with life-threatening mycotic disease
must receive amphotericin B until resolution of clinical and microbiologic evi-
dence of fungal infection, or until unacceptable drug-induced toxicity occurs. Cu-
mulative total dosage of amphotericin B is generally 10-20 mg/kg.'®'® PO for
oral candidiasis (amphotericin B suspension) 1 mL qid swished and held in mouth
for 1 min, or as long as possible, then swallow. Continue therapy for at least 2
weeks. Top apply to affected area 2—4 times daily for 1-4 weeks. IM or PO ad-
ministration is not recommended for injectable amphotericin B.
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Alternative routes of administration of extemporaneously prepared amphotericin
B for injection are infrequently used to facilitate drug availability to a sanctuary
site or minimize systemic toxicity. Use of alternative routes of amphotericin B ad-
ministration is based primarily on case reports, and the safety and efficacy of ex-
temporaneously prepared amphotericin B administered by alternative routes have
not been evaluated in a controlled manner. Subsequently, administration of am-
photericin B by an alternative route should not replace standard therapy. Intra-
articular for fungal arthritis 5-50 mg q 2-7 days. The dose of intra-articular
amphotericin B is determined by the size of the infected joint.2! Intracavitary for
pulmonary aspergillomas 5-50 mg in DSW daily or 2-3 times weekly has been
used in patients unable to undergo surgical resection.” Inhalation for prophy-
laxis against Aspergillus sp. after bone marrow transplantation 0.15% in
D5W nebulized to deliver 10 mg/day in 2 divided doses.?* Intranasal for pro-
phylaxis in bone marrow transplant recipients amphotericin B 0.5% in sterile
water 10 mg/day in divided doses.>* Intraperitoneal for the treatment of fungal
peritonitis has been used in patients receiving peritoneal dialysis.'® Instillation is
problematic because amphotericin B is physically incompatible with ionic
solutions such as dialysate. Intrathecal administration of conventional ampho-
tericin B 0.5-1 mg 2-3 times/week or 0.3 mg/day has been reported. The intrathe-
cal dosage of conventional amphotericin B is generally started at 0.025-
0.05 mg/dose, with subsequent doses increased at 0.025-0.05 mg/day increments
to the desired therapeutic or maximum tolerated dosage. CNS administration is
generally via an Ommaya reservoir. Although an Ommaya reservoir is not manda-
tory for intrathecal administration of amphotericin B, the device facilitates re-
peated drug administration with more precise drug delivery, improved patient tol-
erance, and clarified CSF diagnostic quality. Amphotericin B administration by
lumbar puncture and intracisternal injection has been reported.'® Bladder irriga-
tion for the treatment of uncomplicated fungal cystitis infuse 50 mg/L in ster-
ile water over 24 hr.'® Topical ocular for the treatment of keratomycosis am-
photericin B 0.15% (0.1-0.25%) in preservative-free sterile water has been given
concurrently with atropine ophthalmic drops q 30-60 min for the initial 48-72 hr
of treatment; subsequent to subjective improvement and ocular re-epithelization,
the dosage interval may be changed to gid for at least 1 month.!® Intravitreal
for fungal keratomycosis 5 g/0.1 mL preservative-free sterile water has been
used.”® Subtenonian injection for the treatment of postoperative fungal en-
dophthalmitis 500-750 wg/day for 8 doses has been used.'®

Special Populations. Pediatric Dosage. IV. Same as adult dosage for conven-
tional amphotericin B, amphotericin B colloidal dispersion, amphotericin B lipid
complex, and liposomal amphotericin. IV for prophylaxis after bone marrow or
solid organ transplantation (liposomal amphotericin B) 1 mg/kg/day has been
used.”’ PO same as adult dosage. Top same as adult dosage for cream, lotion, and
ointment.

Geriatric Dosage. Same as adult dosage for conventional amphotericin B, ampho-
tericin B colloidal dispersion, amphotericin B lipid complex, and liposomal am-
photericin. Long-term IV administration is more likely to be limited by renal im-
pairment. Comorbid conditions might reduce patient tolerance to ancillary
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medications used for management of infusion-related adverse effects (eg, corti-
costeroid-induced sodium retention).

Other Conditions. (All products) With pre-existing chronic renal dysfunction, no
dosage adjustment is necessary, but the duration of the infusion must be 4-6 hr to
prevent drug-related hyperkalemia. In acute renal dysfunction, interrupt treatment
or extend dosage interval or decrease dosage to reduce exacerbation of renal im-
pairment, as patient’s clinical condition allows.'® For patients >1.3 times IBW,
calculate dose based on IBW or dosing weight of IBW + 0.4 x (TBW — IBW).?

Dosage Forms. Inj (see Amphotericin B Formulations Comparison Chart.) Oral
Susp 100 mg/mL; Top Crm 30 mg/g; Top Lot 30 mg/mL; Top Oint 30 mg/g.
Patient Instructions. (Injection). Infusion reactions such as shaking, chills, fever,
nausea, and other symptoms can occur when this medication is being given. Al-
though uncomfortable, these effects are transient. Certain medications reduce in-
fusion reactions for most people. Amphotericin B might affect your kidneys. If
this occurs, you may need to take mineral supplements by mouth. (Oral Suspen-
sion). Shake container well before use. Swish and hold the product in your mouth
for one minute, or as long as possible, and then swallow. Discontinue if mouth ir-
ritation occurs. (Topical). This preparation can stain clothing.

Missed Doses. Take a missed oral or topical dose as soon as it is remembered. If it
is time for the next dose, do not double the dose.

Pharmacokinetics. Preclinical and phase 1 testing of conventional amphotericin
B preceded development of high-performance liquid chromatography and refine-
ment of pharmacokinetic methodology. Pharmacokinetic parameters quoted in ter-
tiary literature might actually reflect drug concentration analysis using microbio-
logic assays.

Serum Levels. A correlation between serum levels and therapeutic or toxic drug
effects has not been identified or defined for any commercially available ampho-
tericin B formulation.

Fate. (Conventional amphotericin B) poor oral and IM absorption. End of infu-
sion serum concentration was 0.984 + 0.056 mg/L after 0.25 mg/kg to 8 normal
healthy volunteers.'® Vg is 0.74 + 0.13 L/kg.zg Extensively bound (>90%) to
plasma lipoproteins.'® Accumulates in hepatic, splenic, pulmonary, and renal tis-
sue.?® Vg of 4 £ 0.3 L/kg is derived from bioanalysis of serum from 2 patients
completing chronic therapy with amphotericin B.'® Cl is 0.01 + 0.001 L/hr/kg.”’
Metabolites of amphotericin B have not been identified.'® Urinary elimination is
3-8%.'¢ (Amphotericin B cholesteryl sulfate) Vs is 4.2 + 1.4 L/kg in adults and
4.6 = 1.7 L/kg in children; Cl is 0.11 + 0.03 L/hr/kg in adults and 0.14 +
0.02 L/hr/kg in children; AUC is 9.6 + 2.6 mg/L/hr in adults and 7.1 +
2.6 mg/L/hr in children.*® (Amphotericin B lipid complex) Vs is 3.9 + 0.3 L/kg;
Cl is 0.08 £ 0.02 L/hr/kg; AUC is 2.76 + 0.25 mg/L/hr.”® (Liposomal ampho-
tericin B) Vs is 0.37 L/kg; Clis 0.023 L/hr/kg; AUC is 423 mg/L/hr.31

ty (Conventional amphotericin B)  phase 24-50 hr; y phase 15 days;'¢* (am-
photericin B cholesteryl sulfate) 32 + 5.6 hr in adults and 32 + 13 hr in children;*
(amphotericin B lipid complex) B phase 45 + 6.3 hr;? (liposomal amphotericin B)
« phase 1.74 hr; B phase 23.6 hr.’!
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Adverse Reactions. Frequent adverse effects include infusion-related reactions,
nephrotoxicity, normochromic normocytic anemia and phlebitis. Infusion reac-
tions ordinarily include rigors, chills, and fever. Less common infusion-related re-
actions include nausea, tachycardia, tachypnea, hypotension, hypertension, brady-
cardia, myalgia, and arthralgia. Symptoms generally occur during or within 60-90
min after completion of the infusion. Symptoms decrease with ancillary medica-
tions and repeated administration. Meperidine 25-50 mg IV reduces the duration
and intensity of rigors and chilling. Acetaminophen 325-650 mg PO reduces hy-
perpyrexia, and is often administered as premedication. Diphenhydramine
25-50 mg PO or IV is often included as a premedication. Hydrocortisone, which
reduces fever, chills, and nausea, is reserved for patients with infusion reactions
refractory to other ancillary medications. Case reports describe the use of dantro-
lene for refractory rigors and chills. Although premedication with ibuprofen re-
duces the rigors and chills, most patients receiving amphotericin B are at risk for
adverse effects from the nephrotoxic and antiplatelet effects of NSAIDs.'®'® The
prevalence of infusion reactions is greater with conventional amphotericin B or
amphotericin B cholesteryl sulfate than with amphotericin B lipid complex or li-
posomal amphotericin. Rapid infusion (<60 min) of amphotericin B can cause hy-
perkalemia and cardiovascular collapse in anephric or hyperkalemic patients.'s
Amphotericin B cholesteryl sulfate, amphotericin B lipid complex, and liposomal
amphotericin are each less nephrotoxic than conventional amphotericin B. How-
ever, the lipid-based formulations are not devoid of nephrotoxicity. Nephrotoxic-
ity is generally reversible. Permanent renal impairment can occur, particularly in
patients receiving conventional amphotericin B at doses over 1 mg/kg/day or have
pre-existing renal impairment, prolonged therapy, sodium depletion, or concurrent
nephrotoxic drugs. Signs of nephrotoxicity are increased BUN and Cr,, hypomag-
nesemia, hypokalemia, and renal tubular acidosis. Nephrotoxicity can be reduced
with infusion of 0.9% NaCl 250-1000 mL over 30-45 min immediately before
amphotericin B. The saline infusion may be repeated immediately after ampho-
tericin B administration. The patient’s body size and cardiovascular status must be
considered when selecting the volume and rate of 0.9% NaCl infusion. Nor-
mochromic normocytic anemia, which is secondary to amphotericin B-induced
nephrotoxicity, is mild and transient and rarely requires intervention. Phlebitis is
secondary to chronic peripheral administration of conventional amphotericin B.
Some advocate adding heparin 1 IU/mL to minimize phlebitis.!*!®

Rare adverse effects reported with amphotericin B are anorexia, emesis, di-
arrhea, cramping epigastric pain, premature ventricular contraction, bradycardia,
dilated cardiomyopathy, hypertension, diffuse alveolar hemorrhage, rhabdomyol-
ysis, and parkinsonian syndrome.'®!8325Intrathecal administration of ampho-
tericin B causes headache, nausea, vomiting, abdominal pain, urinary retention,
tinnitus, visual changes, ventriculitis, paresthesias, numbness, mono- or parapare-
sis, arachnoiditis, focal neurologic defects, and chemical or bacterial meningitis.
Life-threatening brain puncture and hemorrhage can occur with intracisternal in-
jection.'6

Precautions. Pregnancy. Impaired renal function. Avoid rapid infusions (<4 hr)
in patients with Cle <20 mL/min, hyperkalemia, or reduced ability to excrete
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potassium.'® Separate from neutrophil infusions by at least 6 hr.*® Complete infu-
sion at least 2 hr before platelet transfusions.’

Drug Interactions. Additive nephrotoxicity can occur with cyclosporine,
tacrolimus, aminoglycosides, loop diuretics, or other nephrotoxic agents. Corti-
costeroids can enhance potassium loss.

Parameters to Monitor. Monitor infusion-related adverse effects with first 3
doses, then as indicated by severity of reactions. Monitor serum Cr;, BUN, mag-
nesium, potassium before therapy, and at least twice weekly during therapy. Mon-
itor patients at great risk for renal dysfunction daily. Monitor Hb at least weekly.
Monitor microbiologic, radiographic, and clinical signs of fungal infection. Ancil-
lary use of hydrocortisone, acetaminophen, or aspirin might mask fevers.

Notes. To ensure even lipid complex distribution, invert admixtures of ampho-
tericin B lipid complex several times immediately before starting the infusion and
q 2 hr thereafter. Because amphotericin B has a propensity to precipitate, avoid
admixture or Y-site administration of all amphotericin B formulations with IV flu-
ids (except dextrose solution), other intravenous drugs, or blood products. Avoid
admixture of conventional amphotericin B with lipid emulsion. Physical incom-
patibility of this admixture evolves >10 w particles and phase separation.’
Acronyms for the various amphotericin B formulations are as follows: conven-
tional amphotericin B, DAmB; amphotericin B cholesteryl sulfate, ABCD; am-
photericin B lipid complex, ABLC; liposomal amphotericin B, L-AmB. Ampho-
tericin B cholesteryl sulfate is also known as amphotericin B colloidal dispersion
and Amphocil.
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AMPHOTERICIN B PRODUCTS COMPARISON CHART

CONVENTIONAL AMPHOTERICIN B AMPHOTERICIN B LIPOSOMAL
AMPHOTERICIN B CHOLESTERYL SULFATE LIPID COMPLEX AMPHOTERICIN B
Fungizone Amphotec Abelcet AmBisome

LIPID CHEMISTRY
Lipid component Deoxycholate Cholesteryl Sulfate DMPG, DMPC HSPC, DSPC
Diameter (nm) 50 120-140 1600-11,000 80
Configuration Micelle Discoid Ribbon-like Spherical liposome
PHARMACEUTICAL CHARACTERISTICS
Vial size (mg) 50 50, 100 50, 100 50
Storage conditions 2-8°C 15-30°C 2-8°C 2-8°C
ADMINISTRATION AND DOSAGE
Daily dosage (mg/kg)

Sensitive fungi 0.5-1 34 2.5-5 1-3

Less-sensitive fungi 1-1.5 6 5 3-5

Infusion duration (hr) 1-6 (<50 mg/hr) 2-4 2 1-2

In-line filter Not recommended. Do not filter. Do not filter. May use if pore size

>1 .
Compatible IV fluids D5W D5W D5W D5W
Admixture
concentration (mg/mL) 0.5-0.25 0.16-0.83 1-2 1-2
Admixture expiration Determined by 24 hrat 2-8°C 48 hr at 2-8°C, then 6 hrat 2-8°C or at
lack of preservative an additional 6 hr at room temperature

room temperature

(continued)
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AMPHOTERICIN B PRODUCTS COMPARISON CHART (continued)

CONVENTIONAL AMPHOTERICIN B AMPHOTERICIN B LIPOSOMAL
AMPHOTERICIN B CHOLESTERYL SULFATE LIPID COMPLEX AMPHOTERICIN B
Fungizone Amphotec Abelcet AmBisome
PHARMACOKINETICS
Viss (L/kg) 0.74 + 0.13 L/kg (Adult) 4.2 1.4 39+03 0.37
(Child) 4.6 + 1.7
Clearance (L/hr/kg) 0.01 +0.001 (Adult) 0.11 + 0.03 0.08 +£0.02 0.023
(Child) 0.14 + 0.02
AUC (mg/L/hn? — (Adult) 9.6 + 2.6 28+0.25 423
(Child) 7.1 + 2.6
Half-life (hr) 24-50 32+56 45+6.3 o phase 1.7
P phase 23.6

DMPC = dimyristoylphosphatidyl choline; DMPG = dimyristoylphosphatidyl glycerol; DSPC = distearoylphosphatidyl choline; HSPC = hydrogenated soy phosphatidy! choline.

2AUC values normalized to a dosage of 1 mg/kg/day.
From references 16, 28, 29, 30, and 31 and product information.
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CASPOFUNGIN ACETATE Cancidas

Pharmacology. Caspofungin is an echinocandid antifungal that is a specific non-
competitive inhibitor of -(1-3) glucan synthetase in fungal cell membranes. This
action leads to a weakened cell wall and eventual cell lysis and death. It is active
against Candida and Aspergillus spp., and Pneumocystis carinii with little cross-
resistance with the azoles.

Adult Dosage. IV for refractory invasive aspergillosis 70 mg on day 1, then
50 mg/day. Infuse doses over 1 hr. Do not mix with dextrose-containing solutions.
Some evidence supports a 70 mg/day dose in patients unresponsive to 50 mg/day.
In moderate hepatic impairment, give 35 mg/day after the 70 mg loading dose; no
experience exists in severe hepatic impairment. Safety and efficacy not estab-
lished under 18 yr.

Dosage Forms. Inj 50, 70 mg.

Pharmacokinetics. Caspofungin is about 97% plasma protein bound and exten-
sively distributed in tissues. It is slowly metabolized by hydrolysis and N-acetyla-
tion. Less than 2% is excreted unchanged in urine. The principle half-life is 9-11
hr and accounts for most elimination; a longer 40-50 hr half-life is also reported.

Adverse Reactions. Caspofungin has been well tolerated in limited studies, with
headache, fever, nausea, vomiting, flushing, pruritus and infusion vein complica-
tions most commonly reported. Some effects may be related to histamine release.
One case of anaphylaxis has been reported. Elevation of liver function tests has
been reported, especially with concurrent cyclosporine.

Drug Interactions. Caspofungin can reduce tacrolimus levels by about 20%. Cy-
closporine increases caspofungin AUC by 35% and causes transient increases in
ALT and AST. Concomitant use of cyclosporine and caspofungin is not recom-
mended. Caspofungin does not inhibit any P450 enzymes, is not a substrate for
these enzymes and does not induce CYP3A4. Some inducers of drug metabolism
appear to decrease caspofungin levels; consider using the 70 mg/day dosage in pa-
tients who do not respond while on an inducer.

CLOTRIMAZOLE Gyne-Lotrimin, Lotrimin, Mycelex

Pharmacology. Clotrimazole is an imidazole used for local therapy of fungal in-
fections. The topical formulations are equivalent to other topical antifungals in the
treatment of Candida spp. or dermatophyte skin infections.”® (See Topical Anti-
fungals Comparison Chart.)

Adult Dosage. Top for tinea infections apply to affected area bid. Vag Tab for
vulvovaginal candidiasis 100 mg/day at bedtime for 7 days; or 2 100 mg tablets
once daily at bedtime for 3 days; or 1 500 mg tablet once at bedtime. Vag Crm
for vulvovaginal candidiasis 1 applicatorful (50 mg) at bedtime for 6-14 days.
PO to treat oropharyngeal candidiasis dissolve 10 mg troche in the mouth 5
times/day; PO for prophylaxis of oral candidiasis in patients receiving im-
munosuppressive drugs dissolve 10 mg troche in the mouth tid.
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Pediatric Dosage. Top same as adult dosage. Troche (<3 yr) safety and efficacy
not established; (=3 yr) same as adult dosage. Vag Crm, Tab (<12 yr) safety and
efficacy not established; (=12 yr) same as adult dosage.

Dosage Forms. Top Crm, Top Lot, Top Soln, Vag Crm 1%; Troche 10 mg;
Vag Tab 100, 500 mg. Combination Packages Combination Packages (Gyne-
Lotrimin 3) Vag Supp 200 mg (#3) and Vag Crm 1%; (Gyne-Lotrimin 7) Vag
Supp 100 mg (#7) and Top Crm 1%.

Adverse Reactions. Nausea, vomiting, bad taste, and mildly abnormal liver func-
tion tests have occurred with oral troche. Vulvovaginal burning, itching, and irri-
tation have been reported with vaginal products. Skin rash occurs occasionally
with vaginal or topical use.

FLUCONAZOLE Diflucan

Pharmacology. Fluconazole is a triazole antifungal agent that is highly water sol-
uble and active in vivo against many fungal species (especially Cryptococcus
spp.). The drug is active against Candida sp., Blastomyces dermatitidis, Coccid-
ioides immitis, and Histoplasma capsulatum. Antifungal effects are caused by in-
hibition of fungal cytochrome P450-dependent enzymes that prevent conversion
of lanosterol to ergosterol.**42

Administration and Adult Dosage. PO or IV for oropharyngeal or esophageal
candidiasis 200 mg on day 1, then 100 mg/day for 10-14 days. Severe esophageal
candidiasis may require up to 400 mg/day.***> PO or IV for cryptococcal
meningitis: short-term therapy 400 mg/day for 6-10 weeks; maintenance ther-
apy in patients with AIDS 200 mg/day indefinitely. Dosages up to 1 g/day have
been used for cryptococcal meningitis. PO for uncomplicated vaginal candidia-
sis 150 mg as a single dose.*> PO or IV for coccidioidal meningitis 400 mg/day
indefinitely;* dosages up to 800 mg/day have been used. PO or IV for prophy-
laxis of candidiasis in bone marrow transplantation 400 mg/day and continued
for 7 days after granulocyte count exceeds 1000/pL. Initiate therapy several days
before onset of neutropenia.*’

Special Populations. Pediatric Dosage. PO or IV for candidiasis 6 mg/kg once,
then 3 mg/kg/day for at least 2 weeks for oropharyngeal candidiasis and at least
3 weeks (or 2 weeks after symptom resolution) for esophageal candidiasis;
dosages up to 12 mg/kg/day have been used. PO or IV for systemic candidiasis
6-12 mg/kg/day. PO or IV for treatment or prophylaxis of cryptococcal
meningitis 12 mg/kg once, then 6 mg/kg/day; continue treatment for at least 10—
12 weeks after CSF cultures become negative. Prophylaxis in HIV-infected chil-
dren continues indefinitely.

Geriatric Dosage. (>65 yr) although half-life is prolonged, dosage adjustment ap-
pears unnecessary, unless renal impairment is severe.*! (See Other Conditions.)
Other Conditions. Reduce dosage in impaired renal function: for Cl, of 20~
50 mL/min, give the usual dose q 48 hr; Cl of 10-19 mL/min, 50-200 mg q
48 hr; Cle <10 mL/min, 50-100 mg q 48 hr. Give a full dose after hemodialysis
on dialysis days. Patients on chronic ambulatory peritoneal dialysis may receive
50-200 mg/day.

Dosage Forms. Tab 50, 100, 150, 200 mg; Susp 10, 40 mg/mL; Inj 2 mg/mL.
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Patient Instructions. Take with a meal if stomach upset occurs. Report changes
in appetite, dark urine, or light stools.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Rapidly and well absorbed (90%) orally, unaffected by
gastric pH. Peak concentrations of 1.8-2.8 mg/L (5.9-9 pmol/L) achieved 2—4 hr
after administration of 100-150 mg orally. Plasma protein binding is 11-12%;
penetrates well into CSF (>60% of simultaneous serum levels). Vg4 is 0.65 +
0.2 L/kg; Cl is 0.015 + 0.006 L/hr/kg. About 64-90% of a dose is excreted un-
changed in urine *!

b 22 =4 hr; 37 hr in patients >65 yr; up to 125 hr in patients with renal impair-
ment.*!

Adverse Reactions. Occasional nausea, vomiting, diarrhea, abdominal pain, or
elevations of liver transaminases occur. Severe hepatitis or exfoliative skin reac-
tions occur rarely.***

Precautions. Observe patients who develop rash for worsening of the lesions and
discontinue the drug if necessary.

Drug Interactions. Rifampin induces the metabolism of fluconazole and can lead
to clinical failure. Fluconazole inhibits metabolism of phenytoin, warfarin, and, to
a minor extent, cyclosporine. Low dosages have been shown to increase the serum
levels of tolbutamide, glipizide, glyburide, and possibly other sulfonylureas. This
could lead to a greater hypoglycemic effect, and dosage reduction might be neces-
sary. 3

Parameters to Monitor. Liver function tests weekly initially, then monthly. Mon-
itor renal function tests weekly if abnormal at outset of therapy. (See Precautions).
Monitor patients with elevated transaminases more carefully for hepatitis.

Notes. Combination therapy with fluconazole and flucytosine for treatment of
cryptococcal meningitis appears to be superior to single-agent therapy;* further
studies of this combination and of fluconazole plus amphotericin B are needed.
Fluconazole-resistant Candida albicans has been clinically demonstrated; in-
creased use of prophylactic fluconazole increases the likelihood of the emergence
of resistant strains such as Candida krusei.*’

FLUCGYTOSINE Ancobon

Pharmacology. Flucytosine (5-FC) is a fluorinated cytosine analogue that ap-
pears to be deaminated to the cytotoxic antimetabolite fluorouracil by cytosine
deaminase, an enzyme present in fungal but not in human cells. It has a narrow
spectrum of activity and is used with other antifungals because resistance devel-
ops rapidly when used alone in Candida and Cryptococcus sp. infections.”
Administration and Adult Dosage. PO 50-150 mg/kg/day in 4 divided doses; the
use of higher dosages has been suggested to prevent the emergence of resistance.
Duration of therapy must be guided by the severity of infection and response to
therapy.
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Special Populations. Pediatric Dosage. PO same as adult dosage in mg/kg.

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Reduce dosage in impaired renal function. An approximate
dosage reduction can be determined by administering doses at intervals in hours
equal to 4 times the Cry in mg/dL. Alternative regimens such as reduced doses at
6-hr intervals have been recommended. In patients on maintenance hemodialysis
q 48-72 hr, give 20-50 mg/kg after each dialysis.*®* Use normal dosage in liver
disease.

Dosage Forms. Cap 250, 500 mg.

Patient Instructions. Take the capsules required for a single dose over a 15-
minute period with food to minimize stomach upset.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 4 hours
between doses. Do not double the dose or take extra.

Pharmacokinetics. Serum Levels. Toxicity most likely >100 mg/L (780 pmol/L).
(See also Precautions.)

Fate. Rapidly and well absorbed (about 90%), with peak about 1-2 hr after ad-
ministration of a 500 mg dose to adults averaging 8-12 mg/L (62-93 pumol/L) in
patients with normal renal function. Negligible binding to plasma proteins; Vq is
0.7 L/kg. Widely distributed throughout the body, including the CSF and eye.
Eliminated almost entirely (average 90%) in the urine by glomerular filtration un-
changed, with urine levels many times greater than serum levels. Low serum con-
centrations of fluorouracil have been found in patients taking flucytosine and
may be responsible for hematologic toxicity.**

ty. 6+ 0.6 hr; up to 100 hr or greater with renal impairment. ¥4’

Adverse Reactions. Occasional nausea, vomiting, diarrhea, bone marrow sup-
pression (often dose limiting in HIV-infected patients), and elevated liver function
tests (usually asymptomatic and rapidly reversible). Diarrhea occurs occasionally;
ulcerating enteritis occurs rarely.

Precautions. Pregnancy; severe renal impairment (elimination is highly variable
and monitoring of serum levels is recommended; keep peak concentrations
<100 mg/L); impaired hepatic function; hematologic disorders; or history of ther-
apy with myelosuppressive drugs (eg, zidovudine, ganciclovir, cancer chemother-
apy) or radiation.*

Drug Interactions. Amphotericin B can increase the toxicity of flucytosine by in-
creasing its cellular penetration and impairing its elimination secondary to nephro-
toxicity.

Parameters to Monitor. Before and, frequently during, therapy, monitor BUN,
Cr, Cle, full hematology, and liver function tests. (See also Precautions.)

Notes. Flucytosine may be synergistic with amphotericin B, depending on the or-

ganism involved; the combination is useful in treating cryptococcal meningitis in
AIDS and non-AIDS patients,* although the superiority of the combination in
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AIDS patients has not been established. Flucytosine might be additive or synergistic
with fluconazole for the treatment of cryptococcal meningitis; however, further ex-
perience in clinical trials is needed before this combination can be recommended.”’

GRISEOFULVIN Fulvicin, Grifulvin V, Grisactin

Pharmacology. Griseofulvin is a fungistatic agent that appears to affect mitosis in
fungal cells. It is active against dermatophytes and not useful in the treatment of
yeast or other fungal infections.®

Adult Dosage. PO (microsize) 0.5-1 g/day in a single or 2—4 divided doses; (ul-
tramicrosize) 330-660 mg/day in 1-2 divided doses. Therapy usually must be
continued for at least 3 weeks; infections of the palms or soles require 4-8 weeks
of therapy; nail infections usually require 6-12 months of therapy. Instruct pa-
tients to take the drug with meals to enhance absorption, avoid prolonged sun ex-
posure, and avoid alcohol.

Pediatric Dosage. (Microsize) 11 mg/kg/day; (ultramicrosize) 7.3 mg/kg/day,
given as for adults.

Dosage Forms. (Microsize) Cap 250 mg; Tab 250, 500 mg; Susp 25 mg/mL;
(ultramicrosize) Tab 125, 165, 250, 330 mg.

Adverse Reactions. Adverse reactions include occasional nausea and vomiting.
Photosensitivity reactions, peripheral neuritis, and leukopenia are rare. The drug
can exacerbate acute intermittent porphyria.

ITRACONAZOLE Sporanox

Pharmacology. Itraconazole is a synthetic triazole antifungal agent that is more
active than ketoconazole or fluconazole against certain fungi, notably Aspergillus
spp. It also has activity against Coccidioides, Cryptococcus, Candida, Histo-
plasma, Blastomyces, and Sporotrichosis spp. Itraconazole inhibits fungal cy-
tochrome P450-dependent enzymes. This inhibition blocks ergosterol biosynthe-
sis, creating disturbances in membrane function and membrane-bound enzymes
and affecting fungal cell growth and viability.*34$

Administration and Adult Dosage. PO for systemic fungal infections
200-600 mg/day, depending on site and severity of infection. Give dosages over
200 mg/day in 2-3 divided doses. PO for vulvovaginal candidiasis 200 mg bid
for 1 day or 200 mg/day for 7 days. PO for dermatomycoses 100 mg/day for 15
days or 200 mg/day for 7 days. PO for pityriasis versicolor 200 mg/day for 7
days. PO for plantar tinea pedis and palmar tinea manuum 100 mg/day for 30
days or 200 mg bid for 7 days. PO for onychomycosis 200 once daily for 3
months.*’ IV for blastomycosis, histoplasmosis or aspergillosis 200 mg bid for
4 doses, then 200 mg/day.

Special Populations. Pediatric Dosage. Safety and efficacy not established.
Geriatric Dosage. Same as adult dosage.

Other Conditions. Dosage reduction in patients with hepatic impairment might be
necessary, but guidelines are not established. No dosage adjustment is necessary
in renal impairment. However, the manufacturer recommends that the injection
not be used in patients with Clr <30 mL/min.
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Dosage Forms. Cap 100 mg; Soln 10 mg/mL; Inj 10 mg/mL.

Patient Instructions. Take this drug with food to ensure maximal absorption. Do
not take with medications that decrease stomach acid (eg, antacids, H,-blockers,
omeprazole). Report symptoms of fatigue, loss of appetite, nausea, vomiting, yel-
lowing of the skin, dark urine, or pale stools.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Serum Levels. Levels <5 mg/L (<7 wmol/L) are associated
with treatment failure in Aspergillus infections.

Fate. Relative oral bioavailability of the capsules compared with an oral solution
is >70%.% The solubility of itraconazole is aided by an acidic environment, and
food increases absorption. Peak serum concentration occurs in 4-5 hr; peak con-
centration is 20 wg/L (28 nmol/L) after a single 100 mg oral dose during fasting,
increasing to 180 p.g/L (0.26 pmol/L) when taken with food.*s The drug is >99%
protein bound, primarily to albumin, with only 0.2% available as free drug.*® It is
highly lipid soluble, and concentrations are much higher in tissues than in serum.
Itraconazole is metabolized in the liver and exhibits dose-dependent elimination.*
One metabolite, hydroxyitraconazole, has antifungal activity, and serum concen-
trations are double those of itraconazole at steady state.

ty. 24-42 hr; possibly longer with large daily dosages.*

Adverse Reactions. Itraconazole is generally well tolerated with long-term use. It
has a negative inotropic effect and can worsen CHF. Occasional rash, pruritus,
nausea, vomiting, abdominal discomfort, headache, dizziness, decreased libido,
and hypertension occur. Mild transient elevations of transaminases occur fre-
quently. Hepatotoxicity is rare, but deaths have occurred. There are no apparent
adverse effects on testicular or adrenal steroidogenesis.*>*$

Contraindications. Coadministration with astemizole, cisapride, oral midazolam,
pimozide, quinidine, dofetilide, triazolam or HMGCoA reductase inhibitors
metabolized by CYP3A4.

Precautions. Pregnancy; lactation. Treatment of onychomycosis in patients with
ventricular dysfunction (eg, CHF).

Drug Interactions. Itraconazole inhibits CYP3A3/4 and inhibits metabolism of
certain drugs such as cyclosporine and warfarin. (See Contraindications.) War-
farin dosage reduction might be necessary during concurrent use. Cyclosporine
dosage might need to be reduced by 50% with itraconazole dosages over 100
mg/day. Avoid concurrent carbamazepine, phenytoin, or rifampin because they
can dramatically reduce the serum itraconazole concentration.>*!

Parameters to Monitor. Closely monitor prothrombin time in patients on concur-
rent warfarin and cyclosporine levels in patients taking these drugs. Monitor liver
function tests in patients with pre-existing hepatic impairment. Monitoring serum
drug concentrations can be helpful if poor absorption or increased metabolism of
itraconazole is suspected.
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KETOCONAZOLE Nizoral

Pharmacology. Ketoconazole is an imidazole antifungal agent that exerts its anti-
fungal effects through inhibition of the synthesis of ergosterol (a fungal cell wall
component) by inhibiting fungal cytochrome P450. It is used primarily for muco-
cutaneous fungal infections, including candidiasis, and in tinea versicolor unre-
sponsive to topical therapy. It is used to treat blastomycosis, histoplasmosis, and
paracoccidioidiomycosis in immunocompetent patients. It appears to suppress
rather than eliminate coccidioidomycosis. Because of its poor CSF penetration,
ketoconazole is not recommended for fungal infections of the CNS.**¥ Because
of its effects on steroid synthesis (see Adverse Reactions), the drug has been used
in prostatic cancer and Cushing syndrome.

Administration and Adult Dosage. PO 200400 mg daily or bid, depending on
site and severity of infection. Top apply once daily or bid for dermatophytoses,
superficial mycoses, or seborrheic dermatitis. Top for dandruff apply shampoo
twice weekly for 4 weeks.

Special Populations. Pediatric Dosage. PO (<2 yr) not established; (>2 yr)
3.3-6.6 mg/kg/day in 1 or 2 divided doses. The drug is bioavailable when tablets
are crushed and mixed in applesauce or juice. Top apply once daily.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Limited data suggest that dosage adjustment is unnecessary in
patients with hepatic impairment; however, definitive studies are needed. No ad-
justment is necessary in renal dysfunction.

Dosage Forms. Tab 200 mg; Crm 2%; Shampoo 1, 2%.

Patient Instructions. This drug may be taken with meals if stomach upset occurs,
but do not take with medications that decrease stomach acid (eg, antacids,
H, blockers, omeprazole). Report symptoms of fatigue, loss of appetite, yellowing
of the skin, dark urine, or pale stools. Taking this drug with an acidic beverage
(eg, a cola drink) can increase the absorption substantially. In patients receiving
the drug in 0.1 N HCI to promote absorption, the solution should be sipped
through a straw to avoid damaging the teeth.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Bioavailability is about 75% and is dose dependent. An
acidic environment is necessary for dissolution and absorption. Bioavailability ap-
pears to be decreased by 20-40% when the drug is administered with food and is
even more markedly reduced if gastric pH is elevated. Poor absorption can occur
in AIDS patients because of achlorhydria and other pathologic changes in the GI
track. Peak serum levels of 3.4 + 0.3 mg/L (6.4 + 0.6 pmol/L) are attained after a
200 mg dose taken with a meal. The drug is 93-96% plasma protein bound. Vg is
estimated to be 0.36 + 0.1 L/kg with a single dose, increasing to 2.4 + 1.6 L/kg
during long-term therapy; Cl is estimated to be 0.5 + 0.25 L/hr/kg during long-
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term therapy. Ketoconazole is extensively metabolized by the liver to inactive
metabolites, with only 2-4% of a dose excreted unchanged in urine.?*>>%

t. 8.7+ 0.2 hr after a single dose, decreasing to 3.3 + 1 hr during long-term ther-
apy. 2

Adverse Reactions. Generally well tolerated, with the most frequent side effects
being nausea, vomiting, pruritus, and abdominal discomfort. Hepatotoxicity, in-
cluding massive hepatic necrosis, occurs occasionally, but mild elevations of
transaminases occur frequently. Gynecomastia occurs, probably caused by keto-
conazole-induced suppression of testosterone synthesis. Ketoconazole also blocks
cortisol production; however, clinically apparent hypoadrenalism occurs rarely. Ir-
ritation, pruritus, and stinging can occur with topical use.

Contraindications. Co-administration with astemizole or cisapride.
Precautions. Pregnancy; lactation.

Drug Interactions. Ketoconazole inhibits human CYP3A4 and inhibits metabo-
lism of certain drugs such as cyclosporine, methylprednisolone, and warfarin. (See
Contraindications.) Warfarin dosage reduction may be necessary during concur-
rent use. Hp-receptor antagonists, antacids, and probably proton-pump inhibitors
(eg, omeprazole, lansoprazole) might reduce ketoconazole oral absorption.

Parameters to Monitor. Monitor liver function tests before starting therapy and
often during therapy. Closely monitor prothrombin time in patients on concurrent
warfarin and cyclosporine levels in patients taking this drug.

Notes. Achlorhydric patients may be given the drug with glutamic acid hy-
drochloride or 0.1 N HCI (using a drinking straw) to increase absorption.’> An
acidic drink (eg, a cola) also may be used to increase ketoconazole absorption by
about 65% in achlorhydria.>*

MICONAZOLE Monistat IV

MICONAZOLE NITRATE M-Zole, Micatin, Monistat, Various

Pharmacology. Miconazole is an imidazole antifungal agent available in topical
preparations and as a solubilized IV preparation in a polyethoxylated castor oil
(Cremophor EL).* (See Topical Antifungals Comparison Chart.)

Adult Dosage. IV 1.2-3.6 g/day in 3 divided doses, diluted in at least 200 mL of
D5W or NS and infused over 30-60 min. Top for tinea infections apply bid. Vag
Tab for vulvovaginal candidiasis 100 mg at bedtime for 7 days, or 200 mg hs for
3 days. Vag Crm for vulvovaginal candidiasis 5 g hs for 7 days.

Pediatric Dosage. IV (<1 yr) 15-30 mg/kg/day; (1-12 yr) 20-40 mg/kg/day. Do
not exceed 15 mg/kg/dose. Top same as adult dosage; Vag Crm, Tab (<12 yr)
safety and efficacy not established; (=12 yr) same as adult dosage.

Dosage Forms. Inj 10 mg/mL; Top Crm, Top Spray, Top Pwdr, Vag Crm,
2%; Vag Supp 100, 200 mg. Combination Packages (Monistat Dual-Pak,
M-Zole 3 Combination Pak) Vag Supp 200 mg (#3) and Vag Crm 2%; (Monistat
7 Combination Pak) Vag Supp 100 mg (#7) and Vag Crm 2%.

Adverse Reactions. Phlebitis, pruritus, nausea, vomiting, fever, chills, and rash
are frequent side effects of IV miconazole.
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Notes. Because of the serious toxicity (eg, cardiorespiratory arrest, hyponatremia)
of the parenteral preparation (most likely caused by the vehicle) and data chal-
lenging the clinical effectiveness of this agent, restrict parenteral use to treating
fungal infections known to be resistant to amphotericin B (eg, Scadosporium
apiospermum). Vaginal and topical effects are similar to those of clotrimazole.

NYSTATIN Mycostatin, Nilstat, Various

Pharmacology. Nystatin is a polyene antifungal agent very similar to ampho-
tericin B but too toxic for parenteral use. Oral absorption is negligible, and there is
no absorption through intact skin or mucous membranes.* (See Topical Antifun-
gals Comparison Chart.)

Adult Dosage. PO for oral candidiasis (Susp) 400,000-600,000 units qid (as a
“swish and swallow”); (troches) 200,000-400,000 units 4-5 times/day. Treat for at
least 48 hr after oral symptoms have cleared and cultures have returned to normal.
Immunocompromised patients require longer therapy (eg, 1014 days). The vaginal
tablet has been successfully used orally in place of the oral suspension; its slow dis-
solution allows prolonged contact time. PO for GI candidiasis 500,000-1,000,000
units tid. Vag for candidiasis 100,000 units daily or bid for 2 weeks.

Pediatric Dosage. PO for candidiasis (newborns) 100,000 units qgid; (older in-
fants and children) 200,000-400,000 units qid. Top same as adult dosage.

Dosage Forms. PO Tab 500,000 units; PO Troche 200,000 units; Susp 100,000
units/mL; Top Crm, Oint, Pwdr 100,000 units/g; Vag Tab 100,000 units.

Adverse Reactions. Nontoxic by oral, topical, and vaginal routes. Allergic sensi-
tization occurs rarely.

Notes. Nyotran (Investigational-Aronex) is an injectable liposomal formulation
of nystatin being studied for candidemia, cryptococcal meningitis and aspergillosis.

TERBINAFINE Lamisil

Pharmacology. Terbinafine is a synthetic allylamine antifungal agent that exerts
its activity by inhibiting fungal ergosterol synthesis through inhibition of squalene
epoxidase. Terbinafine is active orally and topically. It has demonstrated activity
against dermatophyte infections but is less active than azole antifungal against
yeast species.?> (See Topical Antifungals Comparison Chart.)

Adult Dosage. PO 250 mg once daily for 6 weeks for onychomycosis of finger-
nails or for 12 weeks for onychomycosis of the toenails. Reduce dosage in severe
hepatic or renal dysfunction. Top for tinea corporis or cruris, or cutaneous can-
didiasis apply cream bid for 1 week; Top for tinea pedis apply solution or spray
bid for 1 week, cream may require therapy up to 4 weeks, especially for plantar in-
fections; Top for tinea versicolor apply solution or spray bid for 1 week.

Pediatric Dosage. Safety and efficacy not established <12 yr.
Dosage Forms. Crm 1%; Top Spray 1%; Top Soln 1%; Tab 250 mg.

Pharmacokinetics. Terbinafine is 70-80% orally absorbed regardless of the pres-
ence of food. Peak concentrations after 250 and 500 mg oral doses are 0.9 mg/L
(3.1 pmol/L) and 2 mg/L (6.9 wmol/L), respectively, within 2 hr. Terbinafine is
highly lipophilic and is widely distributed with a V4 of 13.5 L/kg. It is extensively
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metabolized to inactive metabolites, and its elimination half-life is 11-16 hr; how-
ever, an additional elimination phase of 200-400 hr may reflect the gradual re-
lease of terbinafine from adipose tissue.

Adverse Reactions. Frequent adverse reactions during oral therapy are dyspepsia,
abdominal pain, diarrhea, skin reactions, malaise, lethargy, and taste disturbance.
Hepatic failure has been reported rarely with the treatment of onychomycoses.
Avoid in patients with liver disease.

Drug Interactions. Terbinafine can inhibit CYP2D6 and increase levels of drugs
metabolized by this route. Its clearance is increased 100% by rifampin and de-
creased 33% by cimetidine.

Parameters to Monitor. Baseline AST and ALT; repeat if symptoms of hepato-
toxicity occur.

VORICONAZOLE (Investigational-Pfizer) Vfend

Pharmacology. Voriconazole is an azole antifungal that is a derivative of flu-
conazole, with the same mechanism of action. It has superior activity against Can-
dida albicans, C. krusei and C. glabrata. Activity against Aspergillus sp. is
equivalent to intraconazole. Activity also extends to Pseudalescherii boydii and
Scedosporium asiosperium.*®

Adult Dosage. PO or IV 50-400 mg/day has been used investigationally.
Pediatric Dosage. PO or IV Little data, but 7-10 mg/kg/day has been used.
Dosage Forms. Not yet available.

Pharmacokinetics. Oral bioavailability is 90%. Steady-state plasma levels are
2.1-4.8 mg/L with an oral dosage of 200 mg bid. The drug is 51-67% plasma pro-
tein bound; Vg is 2 L/kg. It is metabolized by the liver, primarily by CYP2C9 and
3A4. Elimination half-life is about 6 hr, but the drug can be detected in urine and
feces for several days after prolonged therapy. Less than 5% of unchanged drug
appears in urine.”

Adverse Reactions. Reversible mild to moderate dose-related visual disturbances
occur frequently. Elevations in hepatic enzymes are also frequent. One case of
photosensitivity has been reported. Voriconazole may interact with drugs that af-
fect or are metabolized by CYP2C9 and 3A4, but more data are needed.*®
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TOPICAL ANTIFUNGALS COMPARISON CHART

CLASS DOSAGE ADULT
AND DRUG FORMS DOSAGE? COMMENTS

ALLYLAMINES AND BENZYLAMINES

Butenafine HCI Top Crm 1%. Top (tinea pedis) apply daily A benzylamine similar to the
Mentax for 1-4 weeks. allylamines.

Nattifine HCI Top Crm 1% Top (tinea) apply bid for 4 weeks. First agent of allylamine class; response
Naftin Top Gel 1%. is faster than with imidazoles.

Terbinafine HCI Top Crm 1% Top (tinea cruris or corporis) Allylamine; 10-100 times more
Lamisil Top Soln 1% apply daily—bid for 1—4 weeks; potent than naftifine. Response is more

Top Spray 1%. (tinea pedis) apply bid for up to rapid than imidazoles, and it has
4 weeks. excellent penetration in tinea pedis.

IMIDAZOLES

Butoconazole Nitrate Vag Crm 2%. Vag (nonpregnant) 2% crm hs for 3—6 Spectrum similar to other imidazoles.
Femstat days; or (Gynazole-1) 2% crm 1 applica-

Gynazole-1 torful once (pregnant, 2nd or 3rd
trimester) 2% crm hs for 6 days.

Clotrimazole Top Crm 1% Top (Candida, tinea) apply bid. Useful for 1st trimester Trichomonas
Lotrimin Top Lot 1% Vag 100 mg supp or 1% crm hs for 7 days; vaginitis, but less effective than
Mycelex Top Soln 1% 500 mg supp hs once; metronidazole.

Vag Tab 100, 200, 500 mg
Vag Crm 1%.

Econazole Nitrate Top Crm 1%. Top (Candida) apply bid; Activity similar to other imidazoles.

Spectazole (tinea) apply once daily. (continued)
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TOPICAL ANTIFUNGALS COMPARISON CHART (continued)

CLASS DOSAGE ADULT
AND DRUG FORMS DOSAGE? COMMENTS
Ketoconazole Top Crm 2% Top (Candida, tinea) apply daily for 2—6
Nizoral Shampoo 1, 2%. weeks; (seborrhea) apply bid for 4 weeks;
(shampoo) twice weekly for 4 weeks,
then prn.
Miconazole Nitrate Top Crm 2% Top apply bid. Possibly less effective than some newer
Micatin, Top Oint 2% Vag 100 mg supp or 2% crm hs for 7 days topical imidazoles.
Monistat Vag Crm 2%. or 200 mg supp hs for 3 days.
Vag Supp 100, 200 mg
Oxiconazole Nitrate Top Crm 1% Top (tinea) apply daily—bid for 2—4 weeks. Similar to other imidazoles; superior to
Oxistat Top Lot 1%. tolnaftate in dermatomycoses.
Sulconazole Nitrate Top Crm 1% Top (tinea) apply daily—bid for 3—4 weeks. Similar to other imidazoles, but superior to
Exelderm Top Soln 1%. miconazole in dermatomycoses.
Terconazole Vag Crm 0.4, 0.8% Vag 0.4% crm hs for 7 days; 0.8% crm or Similar to other imidazoles, but superior to
Terazol Vag Supp 80 mg. supp hs for 3 days. miconazole in vaginal candidiasis.
Tioconazole Vag Oint 6.5%. Vag hs once. Possibly more effective than older
Vagistat-1 imidazoles; appears effective in vaginal
trichomoniasis.
POLYENES
Amphotericin B Top Crm 3% Top (Candida) apply bid—qid for 1-4 weeks. Inconvenient application schedule.
Fungizone Top Lot 3%

(continued)
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TOPICAL ANTIFUNGALS COMPARISON CHART (continued)

CLASS DOSAGE ADULT
AND DRUG FORMS DOSAGE? COMMENTS
Nystatin Top Crm 100,000 units/g Top (Candida) apply bid-tid. Similar to amphotericin B.
Mycostatin Top Oint 100,000 units/g Vag 1 tab hs for 14 days.
Nilstat Top Pwdr 100,000 units/g
Vag Tab 100,000 units.
MISCELLANEQOUS
Ciclopirox Olamine Top Crm 1% Top Crm, Lot (Candida, tinea) apply bid. A hydroxypyridone. More effective than
Loprox Top Lot 1% Top Nail Laquer apply daily. clotrimazole for tinea versicolor. Nail
Penlac Nail Lacquer 8% lacquer is inexpensive, but has poor
efficacy rate.
Haloprogin Top Crm 1% Top (tinea) apply bid for 2—4 weeks. Equivalent to tolnaftate.
Halotex Soln 1%.
Tolnaftate Top Crm 1% Top (tinea) apply bid for 2—6 weeks. A thiocarbamate. Possibly slightly less
Tinactin Top Gel 1% effective than imidazoles in dermato-
Ting Top Soln 1% mycoses.
Pwdr 1%
Spray Liquid 1%
Spray Pwdr 1%.

aThe dosage for vaginal creams for candidal infections is one applicatorful at the interval shown. Tinea pedis should be treated at the maximum dosage (usually bid) for the longest time men-
tioned, usually 4 weeks.
From references 39 and product information.
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Antimycobacterial Drugs

CLOFAZIMINE Lamprene

Pharmacology. Clofazimine is a lipophilic rhimophenazine dye approved for
treating leprosy and used in atypical Mycobacterium infections, discoid lupus ery-
thematosus, and pyoderma gangrenosum.’”%

Adult Dosage. PO for leprosy, Mycobacterium avium complex infections, and
discoid lupus erythematosus 100 mg/day with food; dosages up to 200 mg/day
are used for erythema nodosum leprosum. PO for pyoderma gangrenosum
300400 mg/day have induced remission, but the manufacturer states that dosages
>200 mg/day are not recommended.

Pediatric Dosage. PO for leprosy 1 mg/kg/day; PO for M. avium complex
1-2 mg/kg/day.

Dosage Forms. Cap 50 mg.

Pharmacokinetics. The drug is about 50% bioavailable. A peak serum concentra-
tion of 0.5-2 mg/L (14 pmol/L) 2 hr after an oral 100 to 200 mg dose is pro-
posed as evidence of adequate absorption. Clofazimine accumulates in fatty tis-
sues and the reticuloendothelial system and is eliminated with a half-life of about
70 days.

Adverse Reactions. Bodily secretions, skin, conjunctivae, cornea, urine, and
feces can turn red to brownish black; an orange—pink skin discoloration is com-
mon and can take months to years to disappear after stopping the drug. Dose-
related GI pain, nausea, vomiting, and diarrhea can occur because of crystalline
deposits in GI tissue. Eosinophilic enteritis and splenic infarction occur rarely at
dosages >100 mg/day. (See also Second-Line Antituberculosis Agents Compari-
son Chart.)

ETHAMBUTOL Myambutol

Pharmacology. Ethambutol is a tuberculostatic agent that is only active against
mycobacteria, including Mycobacterium avium complex. It does not directly en-
hance short course (6-9 months) regimens of isoniazid, rifampin, and pyrazi-
namide. Ethambutol is recommended to be included as part of a 4-drug initial reg-
imen if there is a possibility of drug resistance and should be continued for 12
months if isoniazid resistance is demonstrated. Ethambutol is also used in combi-
nation with clarithromycin to treat disseminated M. avium intracellulare (MAI)
infection in patients with AIDS.%$-6?

Adult Dosage. PO for treatment of active tuberculosis 15-25 mg/kg/day as a
single dose given in combination with isoniazid and/or rifampin and/or pyrazi-
namide. PO for MAI 15 mg/kg/day, to a maximum of 1 g/day as a single dose in
combination with clarithromycin or azithromycin.

Pediatric Dosage. Same as adult dosage.
Dosage Forms. Tab 100, 400 mg.
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Pharmacokinetics. Ethambutol is about 80% absorbed from the GI tract with
complex disposition characteristics. A peak serum concentration of 2-6 mg/L
(8-25 wmol/L) 2 hr after an oral 15-25 mg/kg dose is proposed as evidence of ad-
equate absorption. Its half-life is 4-6 hr, increasing to 32 hr in severe renal impair-
ment. Approximately 80% is excreted unchanged in urine.

Adverse Reactions. Adverse reactions are rare with the recommended dosage of
15-25 mg/kg/day. Optic neuritis (manifested as blurred vision, color blindness,
and restricted visual fields) occurs rarely with dosages of 15 mg/kg/day and is
usually reversible with prompt drug discontinuation. Hyperuricemia can occur be-
cause of impairment of uric acid excretion.

ISONIAZID Various

Pharmacology. Isoniazid (INH) is a synthetic hydrazine derivative of isonicotinic
acid that inhibits the synthesis of mycolic acid, a component of the mycobacterial
cell wall; it probably has other actions. Its activity is limited to mycobacteria; it is
tuberculostatic or tuberculocidal depending on concentration and reproductive rate
of the organism. Resistance is uncommon in preventive therapy but can develop
rapidly if used alone in active tuberculosis. Primary resistance is becoming in-
creasingly common in certain communities and has occurred in a variety of insti-
tutional settings (eg, hospitals, prisons). These settings are characterized by a high
prevalence of HIV infection,38>%61:63.64

Administration and Adult Dosage. PO for treatment of latent tuberculosis in-
fection 5 mg/kg/day (usually 300 mg) as a single daily dose, to a maximum of
300 mg/day, given as a single agent for 6-9 months.> (See Notes, and Treatment
of Latent Tuberculosis Infection Comparison Chart.) Alternatively, give INH
15 mg/kg/dose (up to 900 mg) twice weekly by directly observed therapy (DOT)
for 6-9 months.®> PO for treatment of active tuberculosis same dosage as above
combined with rifampin 600 mg/day and pyrazinamide 15-30 mg/kg/day for 8
weeks, followed by 16 weeks of INH and rifampin. Alternatively, give the doses
of INH, rifampin, ethambutol, and pyrazinamide for 2 weeks, followed by INH
15 mg/kg (to a maximum of 900 mg), rifampin 600 mg, ethambutol 50 mg/kg (to
a maximum of 2.5 g), and pyrazinamide 50-70 mg/kg (to a maximum of 4 g) in
2 or 3 divided doses twice weekly for a total of 6 weeks by directly observed ther-
apy (DOT), then continue INH and rifampin twice weekly for 16 weeks by
DOT.%! In 3-times-a-week regimens, ethambutol dosage is 25-30 mg/kg/day (to
a maximum of 2.5 g), with INH, rifampin, and pyrazinamide at the same doses as
in the twice-weekly regimen, but continued for 6 months by DOT. If pyrazi-
namide cannot be taken, a 9-month course may be administered in which INH in
the above dosage is combined with rifampin 600 mg/day. IM or IV (rarely used)
same as oral dosage.

Special Populations. Pediatric Dosage. PO for treatment of latent tuberculosis
infection 10-20 mg/kg/day as a single dose, to a maximum of 300 mg/day, given
as a single agent for 6-9 months.%> Alternatively, give INH 2040 mg/kg/dose (up
to 900 mg) twice weekly by directly observed therapy (DOT) for 6-9 months.%
PO for treatment of active tuberculosis same dosage as above, but combine
with rifampin 10-20 mg/kg (to a maximum of 600 mg), and pyrazinamide
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15-30 mg/kg/day (to a maximum of 2 g) in 2 or 3 divided doses for 8 weeks fol-
lowed by 16 weeks of INH and rifampin. Alternatively, give the daily doses of
INH, rifampin, ethambutol, and pyrazinamide for 2 weeks, followed by INH
20-40 mg/kg (to a maximum of 900 mg), rifampin 10-20 mg/kg (to a maximum
of 600 mg), ethambutol 50 mg/kg (to a maximum of 2.5 g), and pyrazinamide
50-70 mg/kg (to a maximum of 4 g) in 2 or 3 divided doses twice weekly for a
total of 6 weeks by DOT, then continue INH and rifampin twice weekly for
16 weeks by DOT. In 3-times-a-week regimens, pyrazinamide dosage is
50-70 mg/kg/day (to a maximum of 3 g) in 2-3 divided doses. If pyrazinamide
cannot be taken, a 9-month course may be administered in which INH in the
above dosage is combined with rifampin 10-20 mg/kg (to a maximum of
600 mg).%5! IM or IV (rarely used) same as oral dosage.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Acetylator phenotype has not been evaluated as a parameter for
dosage individualization; however, some sources recommend a dosage of
150-200 mg/day in slow acetylators with renal impairment.% In individuals with
HIV infection being treated for tuberculosis, treatment regimens are not altered
but should continue for a total of 9 months and at least 6 months beyond culture
conversion.

Dosage Forms. Tab 50, 100, 300 mg; Syrup 10 mg/mL; Cap 150 mg with rif-
ampin 300 mg (Rifamate); Tab 50 mg with rifampin 120 mg and pyrazinamide
300 mg (Rifater); Inj 100 mg/mL.

Patient Instructions. Report any burning, tingling, or numbness in the extremi-
ties; unusual malaise; fever; dark urine; or yellowing of the skin or eyes.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Serum Levels. A peak serum level of 3-5 mg/L (22-
36 pmol/L) 2 hr postdose is proposed as evidence of adequate absorption.*®

Fate. Rapid and nearly complete oral absorption with peak serum concentrations
of 1-5 mg/L (7-36 pmol/L) 1 hr after a 5 mg/kg dose.> Widely distributed in
body tissues including the CSF of normal patients and those with meningitis. Vg is
0.67 £ 0.15 L/kg; Cl is 0.22 = 0.07 L/hr/kg in slow acetylators and 0.44 +
0.12 L/hr/kg in rapid acetylators.’> Eliminated primarily by acetylation in the liver
to inactive metabolites that are excreted in the urine. Specific pattern of elimina-
tion depends on acetylator phenotype of the individual.®®

1. (Rapid acetylators) 1.1 £ 0.1 hr, (slow acetylators) 2.1 + 1.1 hr. Increased to 4
hr with renal impairment and 6.7 hr with liver disease.

Adverse Reactions. Pyridoxine-responsive peripheral neuropathy can occur, es-
pecially in alcoholics, diabetics, patients with renal failure, malnourished patients,
and slow acetylators, and with dosages >5 mg/kg/day.®® Subclinical hepatitis is
frequent (10-20%) and characterized by usually asymptomatic elevations of AST
and ALT, which can return to normal despite continued therapy; it might be more
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frequent with combined INH-rifampin therapy.®” Clinical hepatitis is rare in those
<20 yr, but is strikingly related to age (rising to 2-3% in 50-65 yr-old patients).
Rare cases of massive liver atrophy resulting in death usually appear in associa-
tion with alcoholism or pre-existing liver disease; most severe cases occur within
the first 6 months.”” With acute overdosage (usually 6-10 g), INH can produce se-
vere CNS toxicity including coma and seizures as well as hypotension, acidosis,
and occasionally death.®

Contraindications. Acute or chronic liver disease; previous INH-associated hep-
atitis.

Precautions. Pregnancy; lactation. Use with caution in daily users of alcohol, el-
derly patients, and those with a slow acetylator phenotype.

Drug Interactions. INH can inhibit the metabolism of carbamazepine and pheny-
toin, increasing the risk of toxicity, particularly of phenytoin in slow acetylators.
Mental changes can result from effects of INH and disulfiram on metabolism of
adrenergic neurotransmitters; avoid the use of disulfiram in patients who must
take INH. Aluminum-containing antacids can interfere with INH absorption. Rif-
ampin can increase the metabolism of INH to hepatotoxic metabolites.

Parameters to Monitor. Question for prodromal signs of hepatitis (eg, fever,
malaise) and signs of peripheral neuropathy (eg, burning, tingling, numbness)
monthly during therapy. Baseline and monthly AST and ALT are recommended
only in high-risk groups (those >35 yr, daily alcohol users, and those with a his-
tory of liver dysfunction),*” although they are not predictive of clinical hepatitis.

Notes. It is generally recommended that all patients receive INH for treatment of
latent tuberculosis infection who have had positive reactions to intermediate-
strength purified protein derivative (PPD, 5 tuberculin units) and who (1) are
household contacts of patients with active tuberculosis; (2) converted their PPD to
positive within the past 12-24 months; (3) have radiologic evidence of inactive tu-
berculosis or a history of inadequately treated active tuberculosis; (4) are foreign-
born persons (and their families) from high-prevalence areas who have entered the
United States within the past 2 years; (5) are persons with known or suspected
HIV infection; (6) are persons with medical or iatrogenic conditions that increase
the risk of tuberculosis—silicosis, gastrectomy, jejunoileal bypass, weight of 10%
or more below ideal, chronic renal failure, diabetes mellitus, corticosteroid or
other immunosuppressive therapy, hematopoietic malignancy, other malignancy,
and other conditions in which immunosuppression results from the disease or its
treatment. Most sources suggest that the use of INH prophylaxis in patients >35 yr
should be further restricted because of the increased risk of fatal hepatotoxicity,
although this is controversial.

To prevent peripheral neuropathy, give pyridoxine in a dosage of 50 mg/day
to adults receiving large dosages of INH (10 mg/kg/day or more) and those who
are predisposed to peripheral neuritis (eg, diabetics, HIV-infected, alcoholics).
Pyridoxine IV in a dosage equal to the estimated amount of INH ingested is rec-
ommended for acute INH overdose.®®

Add ethambutol or streptomycin to the initial treatment regimen until drug
susceptibility studies are available, or unless there is little possibility of drug resis-
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tance (ie, there is <4% primary resistance to INH in the patient’s community, and
the patient has had no previous treatment with antituberculosis medications, is not
from a country with a high prevalence of drug resistance, and has no known expo-
sure to a drug-resistant case).®*%

PYRAZINAMIDE Various

Pharmacology. Pyrazinamide is a synthetic analogue of niacinamide that is only
active against mycobacteria. The mode of action is unknown. The drug is most ac-
tive at acid pH and is active against intracellular organisms. Resistance develops
rapidly when used alone, but no cross-resistance with isoniazid is observed.**-63

Adult Dosage. PO for treatment of latent tuberculosis infection 15—
20 mg/kg/day (to a maximum of 2 g) in combination with rifampin 10 mg/kg/day
(to a maximum of 600 mg) as a single daily dose for 2 months. Alternatively, give
pyrazinamide 50 mg/kg/dose (to a maximum of 4 g) in combination with rifampin
10 mg/kg/dose (to a maximum of 600 mg) twice weekly for a total of 2-3 months
by DOT. (See Treatment of Latent Tuberculosis Infection Comparison Chart.) PO
for treatment of active tuberculosis (see Isoniazid Dosage).

Dosage Forms. Tab 500 mg; Tab 300 mg with isoniazid 50 mg and rifampin 120
mg (Rifater).

Pharmacokinetics. The drug is well absorbed from the GI tract with serum con-
centrations of 40-50 mg/L (0.3-0.4 mmol/L) achieved about 2 hr after a 1 g dose.
A peak serum concentration of 20-60 mg/L (163488 wmol/L) 2 hr after an oral
1-2 g dose is proposed as evidence of adequate absorption. The parent compound
and several metabolites are excreted in urine.

Adverse Reactions. Frequent hyperuricemia, probably caused by prevention of
uric acid excretion by one of the metabolites, and occasional dose-dependent hep-
atotoxicity occur. As many as 1-5% of patients taking regimens including isoni-
azid, rifampin, and pyrazinamide develop laboratory evidence of hepatic damage.

RIFABUTIN Mycobutin

Pharmacology. Rifabutin is a rifamycin similar to rifampin chemically and in an-
tibacterial spectrum. Rifabutin is more active against mycobacteria than rifampin,
including some rifampin-resistant strains of Mycobacterium tuberculosis and
atypical mycobacteria, and is particularly active against MAL.7*-"

Adult Dosage. PO for prophylaxis of MAI infections in patients with ad-
vanced HIV infection 300 mg/day. PO for treatment of active tuberculosis 300
mg/day as a single daily dose in combination with at least one other antitubercular
agent. (See Notes.)

Dosage Forms. Cap 150 mg.

Pharmacokinetics. Well absorbed orally, but rifabutin has a low bioavailability
of 12-20% because of first-pass metabolism. Rifabutin is widely distributed in the
body and is concentrated intracellularly to a greater extent than rifampin. Itis 71 +
2% plasma protein bound and has an estimated V4 of 45 + 17 L/kg and ClI of 0.69
+ 0.32 L/hr/kg. The drug is hepatically metabolized to a number of compounds,
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with about 10% excreted unchanged in urine. It induces its own metabolism; its
terminal half-life after long-term use is 45 + 16 hr.

Adverse Reactions. The most frequent adverse reactions are rash, taste alter-
ations, anorexia, nausea, insomnia, nervous system disorders (facial paralysis,
twitching, and peripheral neuritis), leukopenia, and hyperbilirubinemia. Uveitis
has occurred with dosages >300 mg/day.

Drug Interactions. Rifabutin induces the metabolism of drugs metabolized via
CYP3A4; although the clinical importance of this effect is not clear, it appears to
be less than that of rifampin.

Notes. Rifabutin can be substituted for rifampin in antituberculosis regimens.

RIFAMPIN Rimactane, Rifadin, Various

Pharmacology. Rifampin is a synthetic rifamycin B derivative that inhibits the
action of DNA-dependent RNA polymerase. It is highly active against mycobac-
teria, most Gram-positive bacteria, and some Gram-negative bacteria, most no-
tably Neisseria meningitidis. It is also used to enhance bactericidal activity of
other antistaphylococcal agents in refractory or chronic infections.”* Antagonism
with vancomycin is observed in vitro but is probably not clinically relevant. Pri-
mary resistance is uncommon, but resistance can develop rapidly if used alone.”

Administration and Adult Dosage. PO for treatment of latent tuberculosis in-
fection 10 mg/kg/day (to a maximum of 600 mg) as a single daily dose for a total
of 4 months. Alternatively, rifampin can be combined with pyrazinamide. (See
pyrazinamide dosage and Treatment of Latent Tuberculosis Infection Comparison
Chart.) PO or IV (rarely used) for treatment of tuberculosis 600 mg/day as a
single daily dose in combination with at least one other antitubercular agent. (See
Isoniazid.)®®! PO for prophylaxis of meningococcal meningitis 600 mg/day for
4 days or 600 mg bid for 2 days. PO for staphylococcal infection 600 mg/day as
a single dose in combination with another antistaphylococcal agent.

Special Populations. Pediatric Dosage. PO for treatment of tuberculosis (>5
yr) 10-20 mg/kg/day as a single daily dose, to a maximum of 600 mg/day, in
combination with at least one other antitubercular agent.*¢! PO for prophylaxis
of meningococcal meningitis (<1 month) 5 mg/kg bid for 2 days; (1 month-12
yr) 10 mg/kg/day, to a maximum of 600 mg/day for 4 days, or 10 mg/kg bid, to a
maximum of 600 mg bid for 2 days.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Accumulation is expected in patients with hepatic dysfunction
or biliary obstruction, but dosage guidelines are not available. No dosage adjust-
ment is necessary in patients with impaired renal function.

Dosage Forms. Cap 150, 300 mg; Cap 300 mg with isoniazid 150 mg (Rifa-
mate); Tab 120 mg with isoniazid 50 mg and pyrazinamide 300 mg (Rifater); Inj
600 mg.

Patient Instructions. Take this medication with a full glass of water on an empty
stomach (1 hour before or 2 hours after meals) for best absorption. It is important
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to take this medication regularly as directed because inconsistent use might in-
crease its toxicity. This drug can cause harmless red—orange discoloration of
sweat, tears (it can permanently discolor soft contact lenses), saliva, feces, and
urine.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Serum Levels. A peak serum level of 8-24 mg/L (10-29
pwmol/L) 2 hr after a 600-750 mg oral dose is proposed as evidence of adequate
absorption.*

Fate. 100% absorbed orally, with a 600 mg dose producing a peak serum concen-
tration of approximately 10 mg/L (12 wmol/L) 1-3 hr after administration. Food
delays absorption but does not affect overall bioavailability. First-pass hepatic ex-
traction is substantial but saturated with doses >300-450 mg; thus, larger doses
produce disproportionate increases in serum levels. Widely distributed throughout
the body; however, useful amounts appear in the CSF only in the presence of in-
flamed meninges. About 80% plasma protein bound; Vqis 0.97 + 0.36 L/kg; Cl is
0.21 £ 0.1 L/hr/kg. Eliminated primarily by deacetylation in the liver to a partially
active metabolite that is extensively enterohepatically recirculated, producing very
high biliary concentrations. About 50-60% of a dose is eventually excreted in the
feces. Urinary excretion is variable and appears to increase with the dose. At usual
dosages, 12-15% is excreted unchanged in the urine.”

by 3.5 +0.8 hr. Half-life increases with higher doses but can become shorter over
the first few weeks of treatment. It is not changed by renal impairment but is in-
creased unpredictably by liver disease or biliary obstruction.”

Adverse Reactions. Adverse reactions are more frequent and severe with inter-
mittent, high-dose administration. GI symptoms are frequent. Acute, reversible
renal failure, characterized as tubular damage with interstitial nephritis, some-
times appearing with concomitant hepatic failure has been reported rarely, espe-
cially in association with intermittent administration.*-% Asymptomatic elevation
of liver enzymes occurs frequently, whereas clinical hepatitis is rare but more
common with pre-existing liver disease or alcoholism; the effect of isoniazid co-
administration on the frequency of hepatitis is unclear.’” Competition with bile for
biliary excretion can produce jaundice, especially with pre-existing liver disease.
Intermittent therapy is also associated with thrombocytopenia and a flu-like syn-
drome (ie, fever, joint pain, muscle cramps).

Contraindications. Hypersensitivity to any rifamycin derivative.

Precautions. Pregnancy; lactation. Use with caution in daily users of alcohol,
those with pre-existing liver disease, and those with a history of drug-associated
hepatic damage (especially from antituberculars).

Drug Interactions. Rifampin accelerates the metabolism of many drugs such as
oral contraceptives, corticosteroids, cyclosporine, enalapril, HIV protease in-
hibitors, propranolol, methadone, metoprolol, mexiletine, phenytoin, quinidine,
theophylline, tolbutamide, oral verapamil, warfarin, and zidovudine because of
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potent inducing effects on CYP3A.”0 The dosage of these drugs may need to be
increased during concurrent use. Rifampin can increase the metabolism of isoni-
azid to hepatotoxic metabolites.

Parameters to Monitor. Question for prodromal signs of hepatitis (eg, fever,
malaise). Baseline and monthly AST and ALT have been recommended, espe-
cially for patients with factors predisposing to hepatotoxicity (eg, alcoholism, pre-
existing liver disease), although they are not predictive of clinical hepatitis in the
absence of symptoms.

Notes. Rifampin is a useful drug for tuberculosis but should be used only in com-
bination regimens because of rapid emergence of resistant mutants of Mycobac-
terium tuberculosis when it is used alone. The recent emergence of multiple drug
resistance among strains of M. tuberculosis in patients with AIDS includes high-
level rifampin resistance. The routine use of rifampin in methicillin-resistant
Staphylococcus aureus (MRSA) endocarditis is not recommended except after
failure of conventional therapy and possibly with renal, myocardial, splenic, or
cerebral abscess. If rifampin is added to vancomycin for treatment of MRSA, add
a third drug (eg, gentamicin) to reduce the likelihood of resistance development.
In nonendocarditis infections caused by MRSA, do not use rifampin unless there
is inadequate response to vancomycin alone.

RIFAPENTINE Priftin

Pharmacology. Rifapentine is a rifamycin, similar to rifampin and rifabutin. It is
used in the treatment of pulmonary tuberculosis and is similar in efficacy to daily
rifampin, although relapse rates can be greater with rifapentine.”’

Adult Dosage. PO for tuberculosis 600 mg twice weekly for 2 months with at
least 72 hr between doses, then once weekly for 4 months. It should be used in
conjunction with other antitubercular drugs in both phases. The drug may be taken
with food to decrease nausea, vomiting, or GI upset.

Dosage Forms. Tab 150 mg.

Pharmacokinetics. Peak serum levels occur 5-6 hr after an oral dose. Food in-
creases the bioavailability and peak serum level. Rifapentine is 93% bound to
serum albumin. Vy is estimated to be 70 + 1 L/kg. Cl is 2.5 + 0.14 L/hr/kg in
males and 1.7 £ 0.41 L/hr/kg in females. The drug is hydrolyzed by an esterase to
the active metabolite 25-desacetyl rifapentine. Half-lives of the drug and metabo-
lite are each about 13 hr.

Adverse Reactions. The most frequent side effects in combination regimens were
neutropenia, leukopenia, increased liver enzymes, dyspepsia, and anorexia, al-
though these appeared to be less frequent than in equivalent rifampin-containing
regimens. Pyuria and hematuria occurred more frequently with rifapentine than
with rifampin. Obtain baseline liver enzymes, bilirubin, CBC, and platelet count
before starting therapy. Routine laboratory monitoring during therapy is not nec-
essary unless clinically indicated.

Contraindications. Hypersensitivity to any rifamycin.
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Drug Interactions. Rifapentine induces CYP2C8/9 and 3A4 and can increase the
metabolism of drugs metabolized by these isozymes. Rifapentine decreases indin-
avir peak by 55% and AUC by 70%. Use with great caution in conjunction with
protease inhibitors and other drugs metabolized by CYP2C8/9 or 3A4.

TREATMENT OF LATENT TUBERCULOSIS INFECTION

DURATION DOSAGE RATING (EVIDENCE)
DRUGS (MONTHS) INTERVAL HIV- HIV+
Isoniazid 9 Daily Al ()
Twice weekly B (ll) B (ll)
Isoniazid 6 Daily B() C()
Twice weekly B () C()
Rifampin- 2 Daily B (ll) A()
pyrazinamide
2-3 Twice weekly G C()
Rifampin 4 Daily B (ll) B (Il

Rating: A = preferred; B = acceptable alternative; C = offer when A and B cannot be given.
Evidence: | = randomized clinical trial data; Il = data from clinical trials that are not randomized or

were conducted in other populations; IIl = expert opinion.

From reference 65.
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SECOND-LINE ANTITUBERCULOSIS AGENTS COMPARISON CHART?

HALF-LIFE
SERUM - MAJOR
DOSAGE ADULT PEDIATRIC LEVELS® Renal ADVERSE
DRUG FORMS DOSAGE DOSAGE (MG/L) Normal Impairment EFFECTS
Aminosalicylic Tab 500 mg PO 8-12 g/day in 2—-4 150-300 mg/kg/day in 20-60° 1hr — Gl intolerance; hepatitis;
Acid Salts® Gran 4g. divided doses (as 3-4 divided doses, to a (49 lupus-like syndrome.
Various the acid). maximum of 12 g/day. Rarely used.
Capreomycin Inj1g. Same as streptomycin. Same as strepto- Same as strep- 2.5hr T Nephrotoxicity; ototoxicity.
Sulfate mycin. tomycin.
Capastat
Clofazimine Cap 50 mg. PO 100-200 mg/day. Not well established. 0.5-2 70 days — Brown-—black discoloration
Lamprene (100200 mg) of skin and bodily secre-
tions; nausea; vomiting;
Gl pain because of
deposition in Gl tissues.
Cycloserine Cap 250 mg. PO 15-20 mg/kg/day PO 10-15 mg/kg/day 20-35 10 hr T CNS (drowsiness, dizziness,
Seromycin (usually 500 mg) in 2 to a maximum (250-500 mg) headache, depression,
divided doses, to a maxi- of 1 g/day. rare seizures, and psy-
mum of 1 g/day. chosis).
Ethionamide Tab 250 mg. PO 15-20 mg/kg/day PO 15-20 mg/kg/day 1-5 3hr — Gl intolerance; hepatitis;
Trecator-SC (usually 500-750 mg) to a maximum (250-500 mg) CNS (drowsiness,
as a single daily dose, of 1 g/day. dizziness, headache,

to a maximum of
1 g/day.

depression, rare

seizures). (continuea)
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SECOND-LINE ANTITUBERCULOSIS AGENTS COMPARISON CHART® (continued)

HALF-LIFE
SERUM MAJOR
DOSAGE ADULT PEDIATRIC LEVELS® Renal ADVERSE
DRUG FORMS DOSAGE DOSAGE (MG/L) Normal Impairment EFFECTS
Kanamycin Inj 37.5, 250, Same as streptomycin. Same as streptomycin. Same as strep- 2-3hr 80-90 hr Nephrotoxicity; ototoxicity.
Sulfate 333, 500 mg/mL. tomycin.
Kantrex
Rifabutin Cap 150 mg. PO 300 mg/day as a Not well established. — 45+ 16 hr — See monograph.
Mycobutin single dose. (1yr) 15-25 mg/
kg/day; (2-10 yr)
4-19 mg/kg/day;
(14-16 yr) 2.8—
5.4 mg/kg/day.
Streptomycin Inj 400 IM 12—15 mg/kg/day IM 20-40 mg/kg/ 35-40 2-3 hr T Vestibular ototoxicity.
Sulfate mg/mL. to a maximum of day to @ maximum (12—15 mg/kg)
Various 1g, or 22-25 mg/kg of 1.g, or 25-30 65-80

to a maximum of
1.5 g 2-3 times/
week.

mg/kg to a maxi-
mum of 1.5 g 2-3
times/week.

(22-25mg/kg)

Use only in combination with other effective antituberculars.

PPeak serum level 1 hr (parenteral) or 2 hr (oral) after the adult dose in parentheses that is evidence of adequate absorption.

“Sodium salt contains 73% aminosalicylic acid; increase dosage accordingly. Sodium content is 4.7 mEq/g.
9peak serum level 6 hr after a dose of Paser granules.
Adapted from references 58, 60, 63, and 66.
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Antiparasitic Drugs

Class Instructions. Pinworms. Purgation, enemas, or special dietary restrictions
are unnecessary with this drug, which may be taken with food or beverages. To
avoid reinfestation with pinworms, wash the perianal area thoroughly each morn-
ing. Change and wash nightclothes, undergarments, and bedclothes daily. Wash
hands and under fingernails thoroughly after bowel movements and before eating.
Treat all family members simultaneously and clean bedroom and bathroom floors
thoroughly at the end of the course of treatment. To demonstrate a cure, no eggs
must be found in the anal area at least 5 weeks after the end of treatment.

ALBENDAZOLE Albenza

Pharmacology. Albendazole is a benzimidazole drug related to mebendazole and
has a similar mechanism of action; however, it has a broader range of activity than
mebendazole.

Administration and Adult Dosage. PO for hydatid cyst 400 mg bid for 1-
6 months; PO for cysticercosis 400 mg bid for 8-30 days, repeat prn; PO for
Clonorchis sinensis 10 mg/kg/day for 7 days; PO for cutaneous larva migrans
400 mg/day for 3 days; PO for capillariasis 400 g/day for 10 days; PO for as-
cariasis, eosinophilic enterocolitis, hookworm, trichostrongylus, or trichuria-
sis 400 mg once; PO for pinworms 400 mg once, then repeat in 2 weeks; PO for
microsporidiosis 400 mg bid (ocular infections require the addition of fum-
agillin); PO for trichinosis 400 mg bid for 8-14 days; PO for visceral larva
migrans (toxocariasis) 400 mg bid for 5 days.”®

Special Populations. Pediatric Dosage. Safety and efficacy not established. PO
for hydatid cyst 15 mg/kg/day to a maximum of 800 mg/day for 1-6 months; PO
for cysticercosis 15 mg/kg/day to a maximum of 800 mg/day in 2 divided doses
for 8-30 days, repeat prn; PO for Clonorchis sinensis 10 mg/kg/day for 7 days;
PO for cutaneous larva migrans 400 mg/day for 3 days; PO for capillariasis
400 g/day for 10 days; PO for ascariasis, eosinophilic enterocolitis, hookworm,
trichostrongylus, or trichuriasis 400 mg once; PO for eosinophilic enterocoli-
tis 400 mg once; PO for pinworms 400 mg once, then repeat in 2 weeks; PO for
trichinosis 400 mg bid for 8-14 days; PO for visceral larva migrans (toxocari-
asis) 400 mg bid for 5 days.”®

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Tab 200 mg.

Patient Instructions. Take this drug with a fatty meal to increase absorption and
improve effectiveness.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Do not double the
dose or take extra.

Pharmacokinetics. Fate. Absorption is poor but enhanced by fat. Oral bioavail-
ability of unchanged albendazole is negligible because of first-pass metabolism to
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albendazole sulfoxide, the active form of the drug. The sulfoxide has a peak serum
level 2-3 hr after a dose. CNS concentrations are 40% of serum levels; concentra-
tion in echinococcal cysts is about 25% of serum levels. The absorbed drug is ex-
creted primarily in urine as metabolites.”

t (Albendazole sulfoxide) 1015 hr.””

Adverse Reactions. Occasionally, diarrhea, abdominal pain, and migration of
roundworms through the mouth and nose occur. Rarely, leukopenia, alopecia, or
increased transaminases occur.”

Precautions. Pregnancy; liver dysfunction.

Drug Interactions. Concurrent dexamethasone increases serum levels by 50%."

Parameters to Monitor. Monitor hepatic transaminases and WBC count during
prolonged therapy.

IVERMECTIN Stromectol

Pharmacology. Ivermectin is a semisynthetic anthelmintic that binds to gluta-
mate-gated chloride channels in invertebrate nerve and muscle cells, leading to in-
crease cellular permeability, hyperpolarization of nerve cells, paralysis, and death.

Administration and Adult Dosage. PO for strongyloidiasis 200 pg/kg/day for
1-2 days; PO for onchocerciacis 150 pg/kg once, repeat in 3-12 months until
asymptomatic; PO for Mansonella streptocerca 150 pg/kg once; PO for pedicu-
losis (head or pubic lice) or scabies 200 pg/kg once; PO for cutaneous larva
migrans 200 wg/kg/day for 1-2 days.” (See Notes.)

Special Populations. Pediatric Dosage. (<15 kg) safety and efficacy not estab-
lished; PO for above infestations same as adult dosage.

Geriatric Dosage. Same as adult dosage.

Dosage Forms. Tab 6 mg.

Pharmacokinetics. Fate. Ivermectin is absorbed orally. It does not enter the
CNS. Most of the drug is metabolized hepatically, and the drug and metabolites
are excreted in the feces. Less than 1% is excreted unchanged in urine. Its half-life
is about 16 hr.

Adverse Reactions. Fairly well tolerated, with abdominal and chest pain, dizzi-
ness, pruritus, rash, urticaria, diarrhea, nausea, and vomiting occurring frequently. In
treating onchocerciasis, inflammation caused by dead and dying larvae can cause
more severe and frequent cutaneous reactions, fever, lymph node swelling and ten-
derness, edema, and arthralgia; ocular effects include limbitis and punctate opacity.
Precautions. Pregnancy.

Notes. Ivermectin is the drug of choice for strongyloidiasis and onchocerciasis
and an alternative for the other infestations listed.

MEBENDAZOLE Vermox, Various
Pharmacology. Mebendazole is active against many intestinal roundworms. It
binds to helminth tubulin and inhibits glucose uptake in the parasite, with no ef-
fect on blood glucose concentrations in the host.”
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Administration and Adult Dosage. PO for pinworms 100 mg once, repeat in 2
weeks; PO for ascariasis or hookworms 100 mg bid for 3 days or 500 mg once;
PO for capillariasis 200 mg bid for 20 days; PO for eosinophilic enterocolitis
100 mg bid for 3 days; PO for roundworms, or whipworms 100 mg bid for 3
days.”

Special Populations. Pediatric Dosage. (<2 yr) Safety and efficacy not estab-
lished. PO for pinworms, ascariasis, capillariasis, roundworms, whipworms,
eosinophilic enterocolitis, or hookworms same as adult dosage.”®

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Chew Tab 100 mg.

Patient Instructions. (See Pinworms Class Instructions.) Chew tablets before
swallowing.

Pharmacokinetics. Fate. Poorly absorbed orally. Almost all eliminated un-
changed in the feces, but up to 10% can be recovered in the urine 48 hr after a
dose, primarily as the decarboxylated metabolite.”

Adverse Reactions. Occasional abdominal pain and diarrhea in cases of massive
infestation and expulsion of worms. Occasionally, migration of roundworms
through the mouth and nose occurs. Rarely, leukopenia, agranulocytosis, and hy-
pospermia have been reported.”®

Precautions. Pregnancy.

Drug Interactions. Carbamazepine and hydantoins can reduce mebendazole
serum levels.

Parameters to Monitor. When treating whipworm, take a stool sample for egg
count 3 weeks after treatment to detect frequent (about 30%) persistent infestation
requiring retreatment.

Notes. Mebendazole is the agent of choice for whipworm, producing about a 70%
cure rate with a single treatment; the cure rate is 90-100% with roundworms,
hookworms, and pinworms. Particularly useful in mixed infestations.””

PERMETHRIN Acticin, Elimite, Nix, Various

Pharmacology. Permethrin is a pyrethroid that acts on arthropod nerve cell mem-
branes to cause delayed polarization and paralysis. It is active against lice (includ-
ing unhatched eggs) and mites (eg, scabies).

Administration and Adult Dosage. Top for head lice apply 1% cream rinse to
hair one time after washing hair. Leave on for no longer than 10 min and rinse
with water. If live lice are seen after >7 days, reapply as above. Top for pubic lice
although not FDA-approved, use of topical 5% permethrin has been used (see also
Ivermectin);’® repeat application at 10 days has been recommended.***' Top for
scabies thoroughly massage 5% cream into the skin from the head to the soles of
the feet. Remove by showering or bathing after 8-14 hr.

Special Populations. Pediatric Dosage. Top for lice (<2 months) safety and effi-
cacy not established; (>2 months) same as adult dosage. Top for scabies (<2
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months) safety and efficacy not established. Neonates have been treated, but re-
move cream after 6 hr;* (>2 months) same as adult dosage.

Geriatric Dosage. Same as adult dosage.

Dosage Forms. Liquid (creme rinse) 1% (Nix, various); Crm 5% (Acticin,
Elimite).

Patient Instructions. Lice. Wash hair and towel dry. Apply enough creme rinse
to saturate hair and scalp, especially behind the ears and on the nape of the neck.
Use the comb provided with the product to remove nits. Wash all pillow cases, pa-
jamas, and towels in hot, soapy water and dry using the hot cycle of a dryer for at
least 20 minutes. Clothing and bedding that cannot be washed should be sealed in
a plastic bag for 2 weeks or dry cleaned. Soak combs in hot water for 5-10 min-
utes. If infestation of the eyebrows or eyelashes occurs, consult your health care
provider. Scabies. Itching, mild burning, or stinging can occur after application.
Itching usually resolves by 4 weeks. If irritation persists, consult your health care
provider.

Pharmacokinetics. Fate. Usually <2% absorbed after topical application. Per-
methrin is rapidly metabolized by ester hydrolysis to inactive metabolites which
are excreted in urine.®

Adverse Reactions. Adverse reactions are mild and occur only occasionally with
the treatment of lice. With the 5% cream for treatment of scabies, mild, transient
burning, stinging, or tingling occurs in about 10% of patients. Itching, edema, and
erythema are often symptoms of scabies and can be exacerbated temporarily by
treatment with permethrin. Intolerable burning and stinging can occur in patients
with AIDS and scabies.? Itching and skin irritation can persist after successful
treatment because of local allergic reactions to the dead mites. Allergic reactions
are rare and might be caused by the formaldehyde preservative.

Contraindications. Documented allergy to any pyrethroid or vehicle component.

Precautions. Pregnancy, although animal studies indicate no teratogenicity. Dur-
ing lactation, discontinue nursing temporarily during treatment with 5% cream;
use of 1% creme rinse poses little risk during breastfeeding. Avoid contact with
eyes and mucous membranes.

Drug Interactions. None known.

Parameters to Monitor. Observe for parasites 7-10 days after treatment of lice
infestation or 14 days after treatment of scabies.

Notes. Permethrin is the drug of choice for pediculosis and scabies. Malathion
0.5% lotion (Ovide) is an alternative for pediculosis. Synergized pyrethrins
(pyrethrins and piperonyl butoxide) have efficacies similar to that of permethrin
for head lice but are not as persistent as permethrin and require a repeat treatment
after 1 week.” In scabies, permethrin is safer and more effective than lindane and
more effective and easier to use than crotamiton.?'3 Lindane is not recom-
mended because resistance occurs frequently and lindane is a persistent environ-
mental contaminant.®!
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PRAZIQUANTEL Biltricide

Pharmacology. Praziquantel causes a loss of intracellular calcium, resulting in
paralysis and dislodgement of worms from sites of attachment. In higher dosages,
it damages the parasite’s surface membrane, allowing the host’s immune response
to destroy the worm.%*

Administration and Adult Dosage. PO for schistosomiasis (Schistosoma haema-
tobium or mansoni) 40 mg/kg in 2 divided doses the same day, but heavy infesta-
tions require 60 mg/kg in 3 divided doses at 4-6 hr intervals;"*%* (Schistosoma
Japonicum or mekongi) 60 mg/kg in 3 doses at 4-6 hr intervals. PO for flukes (eg,
clonorchiasis, opisthorchiasis) 25 mg/kg tid for 1 day; (paragonimiasis) 25 mg/kg
tid for 2 days.”®* PO for tapeworms (beef, dog, fish, pork) 5-10 mg/kg once;
(dwarf tapeworm) 25 mg/kg once. PO for neurocysticercosis 50-100 mg/kg/day
in 3 doses for 30 days.”® (See Notes.)

Special Populations. Pediatric Dosage. (<4 yr) safety and efficacy not estab-
lished. PO for above infestations same as adult dosage.”

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Tab 600 mg.

Patient Instructions. Take with liquid during meals but do not chew tablets. This
drug can cause dizziness or drowsiness. Use caution when driving, operating ma-
chinery, or performing other tasks requiring mental alertness.

Pharmacokinetics. Fate. The drug is 80% absorbed orally, but undergoes exten-
sive first-pass metabolism. CSF concentrations are 14-20% of serum levels. The
drug is metabolized and metabolites are excreted primarily in urine.

te 1.1 0.3 hr.

Adverse Reactions. Side effects are usually mild. Dizziness, headache, and
malaise occur frequently after large doses. Occasionally, abdominal discomfort,
fever, sweating, and eosinophilia occur. Drowsiness or fatigue might occur be-
cause of a structural similarity to benzodiazepines. Pruritus and rash occur
rarely.” In patients treated for cysticercosis, an inflammatory response, presum-
ably caused by dead and dying organisms, occurs that is manifested by headache,
seizures, and increased intracranial pressure.

Contraindications. Ocular cysticercosis.

Precautions. Pregnancy; liver disease; avoid breastfeeding for 72 hr after the last
dose.

Drug Interactions. Drugs that induce CYP3A3/4 (eg, dexamethasone, carba-
mazepine, phenobarbital, phenytoin) can increase clearance, decrease bioavail-
ability, and cause treatment failure; drugs that inhibit CYP3A3/4 (eg, cimetidine,
ketoconazole, erythromycin) decrease clearance, increase serum levels, and
lengthen half-life.”3*

Parameters to Monitor. Observe for CNS toxicity when treating cysticercosis.

Notes. Concomitant corticosteroid therapy is recommended for patients treated
for neurocysticercosis.
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PYRANTEL PAMOATE Antiminth, Various

Pharmacology. Pyrantel is a depolarizing neuromuscular blocker that produces
spastic paralysis of the parasite with no similar effects on the host after oral use. It
also inhibits acetylcholinesterases.”

Administration and Adult Dosage. PO for pinworms and roundworms
11 mg/kg, to a maximum of 1 g in a single dose; for pinworms repeat in 2 weeks;
PO for moniliformis 11 mg/kg 3 times at 2-week intervals; PO for hookworms
and eosinophilic enterocolitis 11 mg/kg/day, to a maximum of 1 g for 3 days.”
Doses are expressed as base equivalent.

Special Populations. Pediatric Dosages. (<2 yr) Safety and efficacy not estab-
lished. PO for above infestations same as adult dosage.”

Geriatric Dosage. Same as adult dosage.

Dosage Forms. Cap 180 mg (62.5 mg as pyrantel base); Liq 50 mg/mL (as
pamoate base); Susp 50 mg/mL (as pamoate base).

Patient Instructions. (See Pinworms Class Instructions.)

Pharmacokinetics. Fate. Slight oral absorption. Over 50% is excreted un-
changed in feces, and less than 15% of the dose is excreted as parent drug and
metabolites in the urine.”

Adverse Reactions. Occasional nausea, vomiting, headaches, dizziness, rash, and
transient AST elevations.”®

Contraindications. Liver disease.

Precautions. Avoid during pregnancy.

Drug Interactions. Piperazine and pyrantel might be mutually antagonistic in as-
cariasis.

Notes. Except for pinworms, for which it is virtually 100% effective, and moni-
laformis, pyrantel is an alternative to other drugs.”

Antiviral Drugs

Class Instructions: HIV Drugs. Underdosage, noncompliance, or partial compli-
ance with drug regimens for these drugs might result in development of a resistant
strain(s) of HIV that will not be susceptible to treatment. Do not stop taking this
medication unless told to do so by your health care provider. This drug should be
used in combination with other anti-HIV medications. Protease inhibitors do not
cure or prevent HIV infection. It is possible for a person taking this medication to
transmit the virus to another person. Opportunistic infections and other complica-
tions associated with HIV infection can continue to develop while you take this
medication. Protease inhibitors and nonnucleoside reverse transcriptase inhibitors
have a potential for serious interactions with a large number of commonly pre-
scribed drug products. Always check with your health care provider before start-
ing any new medication.

Missed Doses. Missing doses can result in the development of resistance that can
lead to treatment failure. If you forget a dose, take it as soon as you remember. If
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it is almost time for your next scheduled dose (within 4 hours), skip the missed
dose. Do not double your dose.

ACYCLOVIR Zovirax, Various
VALACYCLOVIR Valtrex

Pharmacology. Acyclovir is an acyclic nucleoside analogue of deoxyguanosine
that is selectively phosphorylated by the virus-encoded thymidine kinase to its
monophosphate form. Cellular enzymes then convert the monophosphate to the
active antiviral acyclovir triphosphate, which inhibits viral DNA synthesis by in-
corporation into viral DNA, resulting in chain termination. Acyclovir has potent
activity against herpes simplex virus (HSV) I and II and herpes zoster virus
(varicella-zoster virus [VZV]). Activity against cytomegalovirus, which lacks a
specific virus-encoded thymidine kinase, is limited, but resistance can be overcome
with high serum concentrations in some patient populations. Acyclovir inhibits
Epstein-Barr virus but has not been found clinically useful. Human herpes virus 6
is resistant.3>%7 Valacyclovir is the L-valyl ester of acyclovir, which undergoes ex-
tensive first-pass hydrolysis to yield high serum acyclovir concentrations.58

Administration and Adult Dosage. IV for severe localized HSV infection (acy-
clovir) 5 mg/kg q 8 hr for 5 days for nonimmunocompromised patients or 7—
10 days for immunocompromised patients; IV for VZV (chickenpox) infection in
immunocompromised patients 10 mg/kg q 8 hr for 7-10 days; IV for HSV en-
cephalitis 10 mg/kg q 8 hr for 10-14 days. Dilute to 50-250 mL and infuse over
at least 60 min; avoid bolus IV, SC, or IM injections. Maintain minimum urine
output of 500 mL/24 hr for each gram of acyclovir administered. PO for primary
or recurrent genital HSV infection (acyclovir) 200 mg 5 times/day for 10 days;
(valacyclovir, immunocompetent patients) 500 mg bid for 5 days. PO for preven-
tion of recurrent genital HSV infection (acyclovir) 400 mg bid or 200 mg 3-
5 times/day; (valacyclovir in immunocompetent patients) 1 g/day or 500 mg bid;
PO for active VZV (chickenpox) or herpes zoster (acyclovir) 800 mg q 4 hr
5 times/day for 5 days (chickenpox) or 7-10 days (zoster). PO for herpes zoster
in immunocompetent patients (valacyclovir) 1 g q 8 hr for 7 days. Top for ini-
tial genital HSV infection and limited non-life-threatening mucocutaneous
HSYV infections in immunocompromised patients (acyclovir) 0.5-inch ribbon to
cover 4-square-inch affected skin area q 3 hr 6 times/day for 7 days.

Special Populations. Pediatric Dosage. (All dosages apply to acyclovir.) IV for
HSV infection (neonates) 10 mg/kg q 8 hr for 10~14 days;* (13 months-11 yr)
750 mg/m%/day in 3 divided doses for 7 days. IV for VZV (chickenpox) in im-
munocompromised children (13 months—11 yr) 1500 mg/m%day in 3 divided
doses. IV for HSV encephalitis (6 months—11 yr) 1500 mg/m%day in 3 divided
doses for 10 days. Infuse over at least 60 min; avoid bolus IV, SC, or IM injec-
tions. PO for VZV (chickenpox) (acyclovir) (>2 yr and <40 kg) 20 mg/kg/dose,
to a maximum of 800 mg q 6 hr for 5 days; (>40 kg) same as adult dosage; (vala-
cyclovir) safety and efficacy not established.

Geriatric Dosage. Same as adult dosage, adjusted for renal function.
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Other Conditions. (Acyclovir) in obesity, base dosage on IBW. In renal insuffi-
ciency, reduce parenteral and oral dosage: (Cle 25-50 mL/min) usual dose q 12
hr; (Cl, 10-25 mL/min) usual dose q 24 hr; (Cli; 0-10 mL/min) 50% of the usual
dose q 24 hr. For patients on hemodialysis, give the usual daily dosage after dialy-
sis. (Valacyclovir) in renal insufficiency, reduce the dosage: (Cle; 30-49 mL/min)
1 gq 12 hr; (Cl,r 10-29 mL/min) 1 g q 24 hr; (Cler <10 mL/min) 500 mg q 24 hr.

Dosage Forms. (Acyclovir) Cap 200; Tab 400, 800 mg; Inj 500 mg, 1 g;
Inj 50 mg/mL; Oint 5%; Susp 40 mg/mL. (Valacyclovir) Tab 500 mg.

Patient Instructions. Use a finger cot or latex glove when applying acyclovir
ointment. The ointment might cause transient burning or stinging.

Missed Doses. Take this (oral) drug at regular intervals. If you miss a dose of this
medicine, take it as soon as you remember. If it is almost time for your next dose,
take that dose only and go back to your regular dosage schedule. Leave at least 4
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Oral bioavailability of acyclovir is estimated to be
15-30%; valacyclovir is well absorbed, with a bioavailability of 54%.% Valacy-
clovir is extensively converted to acyclovir after oral administration. After
200-600 mg of acyclovir orally, mean peak steady-state levels are 0.56-1.3 mg/L
(2.5-5.9 pmol/L); levels after IV doses of 2.5-15 mg/kg are 5-24 mg/L
(23-105 wmol/L). After an oral dose of 1 g of valacyclovir, mean peak steady-
state acyclovir level is 5-6 mg/L (22-27 wmol/L).” CSF acyclovir concentrations
are 25-70% of simultaneous serum level. Decay is biphasic, with Vg of 0.69 +
0.19 L/kg; Clis 0.21 + 0.03 L/hr/kg with normal renal function;*® 86-92% is ex-
creted unchanged in urine; the remainder is metabolized to 9-carboxy-
methoxymethylguanine. Renal clearance is 75-80% of total clearance and is
markedly reduced by concomitant probenecid.”'

t. (Acyclovir) a phase 0.34 hr, B phase 2.9 + 0.8 hr in adult patients, increasing
to nearly 20 hr in end-stage renal disease; 5.7 hr on dialysis; about 4 hr in
neonates.’!

Adverse Reactions. (Acyclovir) nephrotoxicity, thought to be caused by precipi-
tation of acyclovir crystals in the nephron, occurs in about 10% of patients if the
drug is given by bolus (<10 min) injection. Phlebitis at injection site occurs fre-
quently with IV infusion because of the high pH (9-11) of the product. Other re-
ported side effects are CNS toxicity (eg, headache, lethargy, tremulousness, delir-
ium, seizures), nausea, vomiting, and skin rash. CNS toxicity occurs primarily in
patients with underlying neurologic disease or end-stage renal disease, or with
cancer chemotherapy and irradiation to the CNS, and might not be primarily
caused by the drug. Topical application to herpes lesions can be painful 338
(Valacyclovir) adverse reactions appear comparable to acyclovir. Nausea, vomit-
ing, diarrhea, abdominal pain, and headache have been reported frequently with
valacyclovir use. Thrombotic thrombocytopenic purpura/hemolytic-uremic syn-
drome has been reported in patients with advanced HIV disease and in bone mar-
row and renal transplant patients. This phenomenon has not been reported in im-
munocompetent patients.”

Contraindications. (Valacyclovir) allergy to the drug or to acyclovir.
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Precautions. Use caution in renal impairment, dehydration, or pre-existing neu-
rologic disorders. Valacyclovir not indicated in immunocompromised patients.

Drug Interactions. Zidovudine and acyclovir can result in drowsiness and
lethargy. Probenecid can increase oral bioavailability and half-life of acyclovir.

Parameters to Monitor. Monitor renal function and injection site for signs of
phlebitis daily. Carefully monitor patients with underlying neurologic diseases for
evidence of neurotoxicity. (See Adverse Reactions.)

Notes. Acyclovir-resistant strains of virus that are deficient in thymidine kinase
have been isolated from patients after treatment. Although thought to be less viru-
lent than sensitive strains, HSV strains resistant to acyclovir have been described
in AIDS patients.%

CIDOFOVIR Vistide

Pharmacology. Cidofovir (HPMPC) is a nucleotide analogue with potent in vitro
and in vivo activities against cytomegalovirus (CMV) and other herpes viruses.
Cidofovir contains a phosphonate group that enables it to bypass initial virus-
dependent phosphorylation. Cellular enzymes convert cidofovir to cidofovir
diphosphate, the active intracellular metabolite.”>**

Adult Dosage. IV induction for CMV retinitis 5 mg/kg infused over 1 hr once
weekly for 2 weeks, then IV maintenance 5 mg/kg once every other week. Re-
duce dosage to 3 mg/kg if Cr, increases by 0.3-0.4 mg/dL above baseline or if
>2+ proteinuria occurs. It is essential to give the following with cidofovir: 2 g
probenecid PO 3 hr before administration and 1 L of NS IV over 1 hr just before
administration. If tolerated, give another liter of NS with or after cidofovir admin-
istration; finally, give PO 1 g probenecid 2 hr and 8 hr after the end of cidofovir
infusion. Cidofovir is also being investigated as an intravitreal injection for CMV
retinitis.

Dosage Forms. Inj 75 mg/mL.

Pharmacokinetics. Peak serum cidofovir concentration averages 26.1 + 3.2 mg/L
(83 £ 10 pmol/L) after a 5 mg/kg IV infusion with concomitant probenecid and
hydration. Cidofovir is not appreciably bound to plasma proteins; V4 averages
0.5 L/kg. Cidofovir is excreted almost entirely unchanged in the urine. The elimi-
nation half-life of cidofovir is 3-6 hr when administered with probenecid. Cido-
fovir diphosphate has a prolonged intracellular half-life, with a range of 17-65 hr,
which allows infrequent administration schedules of once weekly to once every
other week.

Adverse Reactions. Nephrotoxicity is the most frequent adverse reaction, and
high-dose probenecid (see Adult Dosage) must be used with administration of cid-
ofovir. Probenecid decreases uptake of cidofovir in proximal renal tubular cells,
decreasing the risk of nephrotoxicity. Other frequent adverse reactions are protein-
uria, elevated Crs, nausea, vomiting, fever, asthenia, neutropenia, rash, headache,
diarrhea, alopecia, anemia, and abdominal pain. Ocular hypotony and decreased
intraocular pressure have been reported occasionally. Nausea, vomiting, fever,
rash, and chills are frequent reactions reported with probenecid.
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DIDANOSINE Videx, Videx EC

Pharmacology. Didanosine (dideoxyinosine [ddI]) is a purine nucleoside that un-
dergoes complex metabolism in vivo to dideoxyadenosine (ddA), which ulti-
mately undergoes metabolism to an active triphosphorylated form (ddATP). In-
corporation of ddATP into viral DNA leads to chain termination, and ddATP is a
competitive inhibitor of HIV reverse transcriptase, which further contributes to
the interference of HIV replication.”>

Administration and Adult Dosage. PO for HIV infection (tablets or solution)
(260 kg) 200 mg (as 2 tablets) q 12 hr, or 400 mg/day (as 2 tablets), or 250 mg (as
powder) q 12 hr; (<60 kg) 125 mg (as 2 tablets) q 12 hr, or 250 mg/day (as 2
tablets), or 167 mg (as powder) q 12 hr. Take each dose as 2 whole (not partial)
tablets to provide adequate buffering. PO for HIV infection (EC capsules) same
dosage as above, but as a single daily dose.

Special Populations. Pediatric Dosage. PO for HIV infection 120 mg/m? bid.
Geriatric Dosage. Same as adult dosage, but not studied in this population.

Other Conditions. Consider dosage reduction in patients with renal or hepatic im-
pairment. (Tablets or solution) Cl, 30-59 mL/min: (260 kg) 200 mg/day (as
2 tablets or EC capsules) or 100 mg (as 2 tablets) bid; (<60 kg) 150 mg/day (as
2 tablets), 75 mg (as 2 tablets) bid or 125 mg /day (as EC capsules). Cl; 10—
29 mL/min: (260 kg) 150 mg/day (as 2 tablets) or 125 mg/day (as EC capsules);
(<60 kg) 100 mg/day (as 2 tablets). Cl <10 mL/min: (260 kg) 100 mg/day (as
2 tablets); (<60 kg) 75 mg/day (as 2 tablets)—EC capsules not recommended. Di-
danosine is removed by hemodialysis, but the quantity removed is low and supple-
mental doses are not recommended.’’

Dosage Forms. Chew/Dispersible Tab 25, 50, 100, 150, 200 mg; EC Cap 125,
200, 250, 400 mg; Pwdr for Oral Soln 100, 167, 250 mg; Pwdr for Oral Soln
(pediatric) 2,4 g.

Patient Instructions. (See HIV Drugs Class Instructions.) Didanosine must be
taken on an empty stomach 1 hour before or 2 hours after a meal. It is essential that
the 2-tablet dose be taken each time to avoid destruction of the drug by stomach
acid. For children >1 year, use the 2-tablet dose; for those <1 year of age, use the
1-tablet dose. Tablets may be chewed and swallowed or dissolved in at least 30 mL
of water and swallowed immediately. Do not swallow the tablets whole. Reconsti-
tuted solution may be stored for up to 30 days when refrigerated. Shake solution
thoroughly before administering each dose. Do not crush or chew EC capsule.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Didanosine is rapidly degraded at acidic pH. Apprecia-
ble interpatient variability and dose-dependent characteristics affect didanosine
absorption. Oral bioavailability of the buffered powder for oral solution is 33 +
11%.%%%° The chewable/dispersible buffered tablets are 20-25% more bioavailable
than the buffered powder for solution. The peak serum concentration is 1.1 +
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0.7 mg/L (4.7 £ 2.9 pmol/L) after a 375 mg oral dose of buffered powder for solu-
tion. Protein binding is less than 5%. CSF concentration 1 hr after infusion of
didanosine averages 21% of the concurrent serum concentration. Vgp is 1 *
0.7 L/kg; Clis 1  0.08 L/hr/kg.”” Up to 60% of dose is excreted unchanged in the
urine; the remainder is extensively metabolized to ddATP, hypoxanthine, and uric
aCid.ngO

ty 1.75 £ 0.99 hr;”’ in vitro intracellular half-life of ddATP is 843 hr.!”!

Adverse Reactions. Pancreatitis has occurred at a frequency of 5-9% in clinical
trials at or below current recommended dosages and can be fatal. Peripheral neu-
ropathy occurs in 16-34% of patients, with 12% requiring dosage reduction. Diar-
rhea has been reported with the buffered powder for oral solution at a frequency of
34%. In children, pancreatitis and peripheral retinal depigmentation have occurred
frequently, although the latter has not been associated with visual impairment.'?2
Peripheral neuropathy has not occurred in children.

Precautions. Avoid didanosine tablets in patients with phenylketonuria because
these contain phenylalanine. Didanosine has been associated with hyperuricemia;
use caution in patients with a history of gout or baseline hyperuricemia; avoid in
individuals with a history of pancreatitis.

Drug Interactions. Administration with fluoroquinolones can reduce fluoro-
quinolone serum levels because of buffers in formulation. Avoid concurrent ad-
ministration with dapsone, indinavir, itraconazole, ketoconazole, or other medica-
tions requiring an acidic environment for absorption because of buffers in
didanosine formulation. Ganciclovir and trimethoprim-sulfamethoxazole appear
to increase didanosine’s bioavailability, but the clinical importance is unknown.
Use with alcohol, high-dose trimethoprim-sulfamethoxazole, or other pancreatitis-
associated drugs can increase the risk of pancreatitis. !0

Parameters to Monitor. Obtain serum amylase, lipase, and triglycerides monthly.
Symptoms of abdominal pain, nausea, and vomiting can indicate pancreatitis.
Symptoms of distal numbness, tingling, or pain in the feet or hands can indicate
neuropathy and might necessitate dosage modification. Monitor clinical signs,
symptoms, and laboratory markers for progression of HIV disease to help decide
regimen changes in antiretroviral therapy. Baseline CD4 and HIV-1 RNA poly-
merase chain reaction viral load tests are useful to measure clinical benefit of ther-
apy. Repeat tests after 1 month and q 3—4 months thereafter have been suggested
to monitor benefit of antiretroviral therapy.

Notes. As with other nucleoside reverse transcriptase inhibitors, drug-resistant
HIV-1 isolates emerge with long-term didanosine therapy (=12 months).!% (See
Antiviral Drugs for HIV Infection Comparison Chart.)

FAMCICLOVIR Famvir

PENCICLOVIR Denavir
Pharmacology. Famciclovir is the diacetyl, 6-deoxy ester of the antiviral guano-
sine analogue penciclovir. Famciclovir is absorbed rapidly and converted to pen-
ciclovir in the intestinal wall and liver. Viral thymidine kinase converts penci-
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clovir to its monophosphate form. Cellular enzymes then convert the monophos-
phate to the active antiviral penciclovir triphosphate. The triphosphate inhibits
viral DNA synthesis by incorporation into viral DNA, resulting in termination of
the chain. Penciclovir has potent activity against HSV I and II and herpes zoster
virus (varicella-zoster). Penciclovir also has some activity against Epstein-Barr
virus and CMV but has not demonstrated clinical usefulness against infections
with these agents.'%6-10°

Adult Dosage. PO for herpes zoster (famciclovir) 500 mg q 8 hr for 7 days. In
renal insufficiency, reduce the dosage as follows: Cli; 40-59 mL/min, 500 mg q
12 hr; Cler 20-39 mL/min, 500 mg q 24 hr; Cl.; <20 mL/min, 250 mg q 48 hr; with
hemodialysis, 250 mg after each dialysis. PO for recurrent genital HSV infec-
tion (famciclovir) 125 mg bid for 5 days. In renal insufficiency, reduce the dosage
as follows: Cle; 20-39 mL/min, 125 mg q 24 hr; Cl.; <20 mL/min, 125 mg q 48 hr;
with hemodialysis, 125 mg after each dialysis. Top for herpes labialis (penci-
clovir) apply to lesions q 2 hr while awake for 4 days, starting as early as possible
at the beginning of an outbreak.

Dosage Forms. Crm (penciclovir) 1%; Tab (famciclovir) 125, 250, 500 mg.

Pharmacokinetics. Topical penciclovir is virtually unabsorbed. The absolute
bioavailability of penciclovir is 77% after a 500 mg oral dose of famciclovir. Peak
serum concentrations are 0.84 + 0.22 (3.3 £ 0.9 pwmol/L) and 3.34 + 0.58 mg/L
(13 2.3 wmol/L) 45 min after 125 and 500 mg oral doses of famciclovir, respec-
tively. Penciclovir is <20% protein bound, and the Vq is approximately 1 L/kg.
Penciclovir is eliminated primarily by renal excretion. The elimination half-life is
approximately 2 hr with normal renal function, increasing to over 13 hr in patients
with severely impaired renal function.

Adverse Reactions. Nausea, vomiting, diarrhea, and headache occur frequently
with famciclovir. Pruritus, paresthesias, and fatigue occur occasionally. Penci-
clovir causes mild erythema occasionally.

Drug Interactions. Cimetidine might enhance the bioavailability of famciclovir
and its conversion to penciclovir.

FOSCARNET SODIUM Foscavir

Pharmacology. Foscarnet sodium (phosphonoformic acid [PFA]) is a pyrophos-
phate analogue. Foscarnet actively inhibits viral DNA polymerases in its parent
form and does not require phosphorylation for optimal antiviral activity. It has an-
tiviral activity against HSV I and II, human CMV, Epstein-Barr virus, hepatitis B
virus, varicella-zoster virus, and some retroviruses including HIV. Foscarnet
sodium inhibits DNA synthesis in CMV and other herpes viruses by inhibiting
viral DNA polymerase.'°

Administration and Adult Dosage. IV induction for CMV retinitis in AIDS pa-
tients 60 mg/kg q 8 hr or 90 mg/kg q 12 hr for 14-21 days.!!! IV maintenance
for CMYV retinitis in AIDS patients 90-120 mg/kg/day in 1 dose. IV for acy-
clovir-resistant herpes virus infections 40 mg/kg q 8 hr or 60 mg/kg q 12 hr
until clinical resolution.''! IV for acyclovir-resistant varicella-zoster infections
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in immunocompromised patients 40 mg/kg q 8 hr or 60 mg/kg q 12 hr for 10-21
days or until clinical resolution.*”:!12

Special Populations. Pediatric Dosage. Safety and efficacy not established.
Geriatric Dosage. Same as adult dosage but adjusted for renal function.

Other Conditions. Reduce dosage in renal impairment. (See product information.)
Dosage Forms. Inj 24 mg/mL.

Patient Instructions. Foscarnet is not a cure for CMV retinitis, and progression
of disease might continue during or after treatment. Regular eye examinations are
important to monitor for disease progression. Report symptoms of tingling around
the mouth or numbness in extremities, which might indicate a need for temporary
discontinuation of foscarnet.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. After twice-daily infusion of 90 mg/kg over 2 hr, peak
serum levels are 98 + 27 mg/L (577 + 161 pumol/L) and troughs are 6.4 *
8.3 mg/L (38 + 49 pumol/L).""" Plasma protein binding is 14-17%. CSF concentra-
tions are 35-103% of simultaneous serum levels. Vg is 0.3-0.7 L/kg; Clis 0.13 =
0.05 L/hr/kg. Foscarnet is not metabolized and is 70-90% excreted unchanged in
the urine.!!!

ty. o phase 1.4 + 0.6 hr, B phase 6.8 + 5 hr in patients receiving continuous or in-
termittent infusions. A terminal half-life of 36-196 hr might represent release of
the drug from binding sites in bone.'!!

Adverse Reactions. Abnormal renal function, including decreased Cl.; and acute
renal failure, occurs in about one-third of patients. Electrolyte abnormalities such
as hypocalcemia, hypophosphatemia, hyperphosphatemia, hypokalemia, and hy-
pomagnesemia occur in 6-16% of patients. Seizures have been reported in 10% of
patients and might be related to electrolyte abnormalities or underlying disease.
Other adverse reactions frequently reported are fever 65%, nausea 47%, anemia
33%, diarrhea 30%, vomiting 26%, headache 26%, and granulocytopenia 14%.
Local irritation, inflammation, and pain might occur at the injection site with pe-
ripheral administration at a frequency of 1-5%.!11113:114

Precautions. Use with extreme caution in patients with renal impairment of
nephrotoxic drugs, pre-existing cytopenias, pre-existing electrolyte abnormalities,
or underlying neurologic disorders.

Drug Interactions. Concurrent use of nephrotoxic drugs such as aminoglycosides
or radiologic contrast media can increase risk and severity of nephrotoxicity. IV
pentamidine can increase the risk of hypocalcemia; avoid this combination, if pos-
sible, although inhaled pentamidine does not seem to be a risk factor.!*

Parameters to Monitor. Monitor Cr, 2 or 3 times/week during induction therapy
and weekly during maintenance therapy. Monitor serum calcium, magnesium,
potassium, and phosphorus at the same frequency as Cr,. Symptoms of perioral
tingling, numbness in extremities, or other paresthesias might indicate electrolyte
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abnormalities and require more frequent monitoring and a need to obtain ionized
calcium levels.

GANCICLOVIR Cytovene, Vitrasert

VALGANCICLOVIR Valcyte

Pharmacology. Ganciclovir (DHPG) is a synthetic acyclic nucleoside analogue
of guanine. Antiviral activity is a result of its conversion to the triphosphate form,
which functions as an inhibitor of and faulty substrate for viral DNA polymerase.
Ganciclovir has antiviral activity against HSV I and II, human CMV, Epstein-Barr
virus, and varicella-zoster virus.*»'"* Valganciclovir is the valine ester prodrug
that is hydrolyzed to ganciclovir after oral administration.

Administration and Adult Dosage. Take all oral doses with food. IV for CMV ret-
initis (induction) 5 mg/kg q 12 hr for 14-21 days, then (maintenance) 5 mg/kg
once daily for 7 days/week or 6 mg/kg once daily for 5 days/week. PO for CMV
retinitis (induction) (valganciclovir) 900 mg q 12 hr for 21 days, then (mainte-
nance) 900 mg once daily. Induction may be repeated for patients who experience
disease progression. IV for prevention of CMV disease in transplant recipients
5 mg/kg q 12 hr for 7-14 days, followed by 5 mg/kg once daily for 7 days/week or
6 mg/kg once daily for 5 days/week. Duration depends on duration and degree of
immunosuppression. Dilute IV dose in 100 mL NS or D5W and infuse over 60 min.
PO for CMV retinitis (maintenance after IV induction) (ganciclovir) 1 g q 8 hr
or (valganciclovir) 900 mg once daily. PO for prophylaxis of CMV disease (gan-
ciclovir) 1 g q 8 hr indefinitely; (valganciclovir) 900 mg once daily.

Special Populations. Pediatric Dosage. The adult dosage in mg/kg has been used.
Geriatric Dosage. Same as adult dosage adjusted for renal function.

Other Conditions. Tn renal insufficiency (Ganciclovir). Parenteral induction: (Cle
50-69 mL/min) 2.5 mg/kg q 12 hr; (Cle; 25-49 mL/min) 2.5 mg/kg q 24 hr; (Cle
<25 mL/min) 1.25 mg/kg q 24 hr; (hemodialysis) 1.25 mg/kg 3 times/week. On
hemodialysis days, give dose after hemodialysis. Parenteral maintenance: (Cle
50-69 mL/min) 2.5 mg/kg q 24 hr; (Cle 2549 mL/min) 1.25 mg/kg q 24 hr; (Cl,
10-24 mL/min) 0.625 mg/kg q 24 hr; (hemodialysis) 0.625 mg/kg 3 times/week
after hemodialysis. Oral maintenance: (Cl.; 50-69 mL/min) 1.5 g once daily or
500 mg tid; (Cler 2549 mL/min) 1 g/day in 1 or 2 doses; (Cl, 10-24 mL/min)
500 mg/day; (Cl.: <10 mL/min) 500 mg 3 times/week after hemodialysis. (Val-
ganciclovir) Oral induction: (Cl, 40-59 mL/min) 450 mg q 12 hr; (Cl 25—
39 mL/min) 450 mg/day; (Cle; 10-24 mL/min) 450 mg q 48 hr; (hemodialysis) use
ganciclovir. Maintenance: (Cl, 40-59 mL/min) 450 mg/day; (Cle; 25-39 mL/min)
450 mg q 48 hr; (Cl.; 10-24 mL/min) 450 mg twice weekly.

Dosage Forms. (Ganciclovir) Cap 250, 500 mg; Inj 500 mg; Ocular Implant
4.5 mg (nominal release). (Valganciclovir) Tab 450 mg.

Patient Instructions. This drug is not a cure for CMV retinitis, and progression
might continue during or after treatment. Concurrent use with zidovudine can result
in severe reduction in white blood cell count; therefore, report any signs or symp-
toms of infection, such as fever, chills, or sweats. Take oral ganciclovir or valgan-
ciclovir with food.
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Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 4 hours
between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Ganciclovir is absorbed poorly from the GI tract; oral
bioavailability is 6% when taken with food (about 20% greater than when taken
on an empty stomach). Average peak serum concentration of 0.34 + 0.13 mg/L
(1.3 £ 0.5 wmol/L) occurs 1-2 hr after a single 1 g oral dose. Valganciclovir
bioavailability is 61%. Mean peak and trough steady-state levels after IV doses
of 5 mg/kg q 12 hr in patients with normal renal function are 5.3 £ 2.8 mg/L (21 +
11 pmol/L) and 1.1 + 0.4 mg/L (4.3 £ 1.5 wmol/L), respectively. Ganciclovir is
1-2% plasma protein bound; CSF concentration is 24-67% of simultaneous serum
level. V¢ is 0.26 + 0.08 L/kg; Vag is 1.17 = 0.54 L/kg; Clis 0.25 + 0.13 L/hr/kg
with normal renal function. The drug is 90-99% excreted unchanged in the urine.
Hemodialysis reduces serum levels by 53 + 12%. Renal excretion occurs princi-
pally via glomerular filtration, although limited renal tubular secretion also can
oceur, 14115

ty. o phase 0.76 + 0.67 hr; B phase 3.6 + 1.4 hr in adult patients, increasing to
11.5 + 3.9 hr in renal insufficiency.!'*!13

Adverse Reactions. Granulocytopenia (ANC <1000/pL) occurs in 13-67% of
patients and is the most frequent dose-limiting adverse effect.''* Thrombocytope-
nia (platelets <50,000/nL) occurs in 20% of patients. CNS toxicity (headache,
lethargy, dizziness, confusion, seizure, coma) has been reported at a frequency of
5-17%. Phlebitis, inflammation, and pain at the site of IV infusion occur fre-
quently because of the high pH of the solution. Anemia, fever, rash, and abnormal
liver function tests occur in about 2% of patients.!'!1®

Contraindications. Hypersensitivity to acyclovir or ganciclovir.

Precautions. Use with caution in renal impairment, pre-existing cytopenias, or
concurrent myelosuppressive drug therapy.

Drug Interactions. Didanosine AUC can be increased when given within 2 hr of
ganciclovir. Probenecid decreases the renal excretion of ganciclovir. Use extreme
caution in combination with zidovudine because of additive myelosuppression.
Concurrent nephrotoxic drugs can increase the nephrotoxicity of ganciclovir. Con-
current cytotoxic drugs increase the toxicity of ganciclovir. Seizures have been re-
ported with concurrent use of ganciclovir and imipenem-cilastatin.

Parameters to Monitor. Monitor CBC and platelet counts twice weekly during
induction treatment and at least weekly during maintenance. Monitor renal func-
tion at least q 2 weeks. Check injection site for phlebitis and infection daily.

Notes. Ganciclovir-resistant CMV strains have been isolated from patients during
treatment.!'” Disease progression caused by these strains has been observed and
might require changing therapy to an alternative antiviral (eg, foscarnet).
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INDINAVIR Crixivan

Pharmacology. Indinavir is an HIV protease inhibitor with a mechanism of ac-
tion similar to that of saquinavir.”*!"¥ (See Antiviral Drugs for HIV Infection
Comparison Chart.)

Adult Dosage. PO for HIV infection 800 mg q 8 hr. Take each dose on an empty
stomach with water or other fat-free liquid or with light, fat-free foods (eg, toast,
jelly, skim milk, coffee). PO for HIV infection with ritonavir 400 mg q 12 hr
with ritonavir 400 mg q 12 hr, or 800 mg q 12 hr with ritonavir 200 mg q 12 hr. In
mild to moderate hepatic insufficiency caused by cirrhosis, the dosage is 600 mg q
8 hr. The combination can be taken with food.

Dosage Forms. Cap 200, 333, 400 mg.

Pharmacokinetics. Indinavir is rapidly absorbed in the fasting state. Adminis-
tration of indinavir with a meal high in calories, fat, or protein decreases oral ab-
sorption by about 75%. When indinavir is combined with ritonavir, food does
not decrease bioavailability of indinavir. Absolute bioavailability not been de-
termined in humans, but fasting bioavailability is 14-70% in animals. Indinavir
is 60% bound to human plasma proteins. It is primarily metabolized by
CYP3A4 and <20% is excreted unchanged in the urine; half-life is 1.8 + 0.4 hr.

Adverse Reactions. Frequent adverse reactions are nausea, vomiting, abdominal
pain, diarrhea, headache, asthenia, insomnia, taste perversion, transient elevations
of hepatic transaminases, asymptomatic hyperbilirubinemia, and nephrolithiasis.
Dizziness, somnolence, anorexia, malaise, and dry mouth occur occasionally.
Nephrolithiasis occurred in 4% of patients in clinical trials and can be managed
with hydration and temporary drug discontinuation. Patients should drink at least
1.5 L/day of liquids to ensure adequate hydration while taking indinavir.

LAMIVUDINE Epivir

Pharmacology. Lamivudine (3TC) is a synthetic pyrimidine nucleoside active
against HIV-1, HIV-2, and hepatitis B. Lamivudine is metabolized intracellularly
to lamivudine triphosphate and acts as a chain terminator of viral DNA and a com-
petitive inhibitor of HIV reverse transcriptase. Lamivudine alone to treat HIV in-
fection leads to rapid emergence of high-level resistance; therefore, it is used in
combination with zidovudine. Resistance to zidovudine is markedly delayed when
the drug is used with lamivudine, and the combination results in greater and more
sustained elevations in CD4 cell counts than zidovudine monotherapy.’’'21%%
119.120 (See Antiviral Drugs for HIV Infection Comparison Chart.)

Adult Dosage. PO for HIV infection 150 mg bid. PO for chronic hepatitis B
100 mg/day. Reduce dosage in renal impairment. For HIV co-infection
with hepatitis B use HIV dosage with appropriate combination antiretroviral
therapy.

Pediatric Dosage. PO (3 months-12 yr) 4 mg/kg, to a maximum of 150 mg bid
with zidovudine.

Dosage Forms. Tab 100, 150 mg; Soln 5, 10 mg/mL.
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Pharmacokinetics. Oral bioavailability is 82%. Vg is 1.3 L/kg; elimination half-
life is 2.5 hr. Excretion is primarily by the renal route, with 68-71% of drug ex-
creted unchanged in urine.

Adverse Reactions. The most frequently reported adverse effects have been
headache, fatigue, nausea, insomnia, neuropathy, and musculoskeletal pain.

NELFINAVIR MESYLATE Viracept

Pharmacology. Nelfinavir mesylate is an antiviral that inhibits HIV-1 and HIV-2
proteases by binding to the active enzymatic site, preventing cleavage of polypro-
tein precursors. This cleavage is essential for maturation of infectious virus, and
its inhibition results in the formation of immature, noninfectious HIV particles.
(See Antiviral Drugs for HIV Infection Comparison Chart.)

Administration and Adult Dosage. PO for HIV disease in combination with
nucleoside analogues 750 mg tid or 1250 mg bid.'!

Special Populations. Pediatric Dosage. PO for HIV disease in combination
with nucleoside analogues (<2 yr) safety and efficacy not established; (2-13 yr)
20-30 mg/kg tid.

Geriatric Dosage. Not studied but expected to be the same as adult dosage.
Dosage Forms. Tab 250 mg; Pwdr 50 mg nelfinavir base/level scoopful (1 g).

Patient Instructions. (See HIV Drugs Class Instructions.) Each dose must be
taken orally with a light snack or meal to increase the amount of the drug ab-
sorbed. If you are taking an oral contraceptive, you should use an alternate or ad-
ditional contraceptive measure. Store nelfinavir in a dry place at room tempera-
ture. New onset diabetes mellitus, exacerbation of pre-existing diabetes mellitus,
and hyperglycemia have been reported in HIV-infected patients receiving protease
inhibitors. Some patients require initiation or dosage adjustments of insulin or oral
hypoglycemic agents. Diabetic ketoacidosis has also occurred. Hyperglycemia
persisted in some cases after drug discontinuation.

Pharmacokinetics. Fate. Bioavailability is unknown in humans, but animal data
suggest an oral bioavailability of 20-80%. Nelfinavir absorption is increased 2- to
3-fold when administered with food. Peak serum concentrations occur 2—4 hr after
a dose. After multiple oral doses of 750 mg tid, peak serum concentrations aver-
age 3-4 mg/L (5.3-7 pmol/L) and trough concentrations average 1-3 mg/L
(1.8-5.3 wmol/L). Plasma protein binding is >98%. Nelfinavir is metabolized by
cytochrome P450 enzymes, primarily CYP3A4 and to a minor extent by CYP2C9,
2C19, and 2D6. The major oxidative metabolite has in vitro antiviral activity com-
parable to the parent drug. Less than 2% of nelfinavir is excreted unchanged in
urine.

by 3.5-5hr.

Adverse Reactions. Diarrhea, abdominal pain or discomfort, flatulence, nausea,
rash, and difficulty swallowing tablets are frequent. Diarrhea often resolves spon-
taneously 1-2 weeks after initiation of therapy. Antidiarrheal medications are
often beneficial in alleviating or minimizing symptoms. Oral calcium carbonate
500-1000 mg once or twice daily has decreased prevalence of nelfinavir-associ-
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ated diarrhea in some patients. Occasional reactions include asthenia, headache,
and fatigue.

Contraindications. (See Drug Interactions.)

Precautions. Do not use nelfinavir as monotherapy. Appropriate use is with other
antiretroviral therapy to reduce potential for developing drug resistance. Nelfi-
navir powder for oral solution contains 11.2 mg phenylalanine/g of powder and
should be used cautiously in patients with phenylketonuria.

Drug Interactions. Nelfinavir is an inhibitor of CYP3A and can cause increased
serum concentrations of drugs primarily metabolized by CYP3A. It is also a sub-
strate for CYP3A, and nelfinavir concentrations can be affected by the induction
or inhibition of CYP3A by other drugs. Do not co-administer nelfinavir with
rifampin because it decreases nelfinavir’s steady-state AUC by 82%. Co-
administration with rifabutin reduces nelfinavir’s AUC by 32% and increases rif-
abutin’s AUC by 207%. If administered together, the manufacturer recommends
reducing the rifabutin dosage by 50%, although alternatives should be considered.
Avoid other drugs (eg, carbamazepine, phenobarbital, phenytoin) that strongly in-
duce CYP3A4 because they can substantially reduce nelfinavir serum concentra-
tions. Avoid co-administration with astemizole or cisapride because of possible
prolonged QT intervals and serious cardiovascular adverse events. Co-administra-
tion with ethinyl estradiol/norethindrone resulted in a 47% decrease in ethinyl
estradiol serum concentration and an 18% decrease in norethindrone serum con-
centration. Alternative contraceptives need to be used while receiving nelfinavir
therapy. Co-administration with indinavir results in an 83% increase in nelfinavir
AUC and a 51% increase in indinavir AUC. Co-administration with ritonavir re-
sults in a 152% increase in nelfinavir AUC and minimal change in ritonavir AUC.
Various protease inhibitor combinations are under study, but safety and efficacy
of these combinations have not been established.

Parameters to Monitor. Monitor clinical signs, symptoms, and laboratory mark-
ers for progression of HIV disease to help decide regimen changes in antiretrovi-
ral therapy. Baseline CD4+ and HIV-1 RNA polymerase chain reaction viral load
tests are standard of practice markers to measure clinical benefit of therapy. Moni-
tor adherence to the drug regimen throughout treatment course to help in assess-
ment of effectiveness. Repeat tests after 1 month and q 3-4 months to monitor
benefit of antiretroviral therapy.

NEVIRAPINE Viramune

Pharmacology. Nevirapine is a dipyridodiazepinone nonnucleoside HIV-1 re-
verse transcriptase inhibitor. Nevirapine and other reverse transcriptase inhibitors
are not active against HIV-2 reverse transcriptase. The inhibition by nevirapine is
noncompetitive, and the binding site is located near but not directly at the catalytic
amino acid residues, which might provide nevirapine activity against HIV-1 mu-
tants that are resistant to nucleoside reverse transcriptase inhibitors. Nevirapine
provides added benefit (eg, increased CD4 count, decreased viral load) in combi-
nation with zidovudine and didanosine.'?*"'?* (See Antiviral Drugs for HIV Infec-
tion Comparison Chart.)
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Adult Dosage. PO for HIV 200 mg/day for 2 weeks, followed by 200 mg bid or
400 mg once daily.

Pediatric Dosage. PO (<13 yr) 120 mg/m?/day for 2 weeks, then bid.
Dosage Forms. Tab 200 mg; Susp 10 mg/mL.

Pharmacokinetics. Oral absorption is not affected by food or antacids; bioavail-
ability is 90%. The median time to peak concentration is 4 hr after a 400 mg dose
with average peak concentrations after the first dose of 3.4 + 1 mg/L. Peak and
trough concentrations average 7.2 + 1.4 mg/L (27 £ 5 pmol/L) and 4 + 1.2 mg/L
(15 £ 4 pmol/L), respectively, after 14 days of therapy. The average elimination
half-life is 45 hr in the initial 2-week period and decreases to 25-30 hr thereafter
because of metabolic autoinduction mediated by the cytochrome P450 system.
Less than 3% of the dose is excreted renally.

Adverse Reactions. A mild to moderate rash occurs in up to 48% of patients.
Rash can be associated with liver function test elevations and a low frequency of
clinical hepatitis. Severe, occasionally fatal, hepatotoxicity has occurred in those
using nevirapine in postexposure prophylactic regimens with various other anti-
retrovirals. This use is not recommended, but the single-dose use to prevent HIV
transmission appears to be safe. The risk of developing rash is highest within 2
weeks of drug initiation or dosage escalation to 400 mg/day and is reduced by fol-
lowing the recommended dosage escalation schedule. Other occasional adverse
reactions are arthralgia, fatigue, fever, myalgia, and somnolence.

Parameters to Monitor. Monitor liver function closely for at least the first 12
weeks of therapy and periodically thereafter.

RITONAVIR Norvir

Pharmacology. Ritonavir is an HIV protease inhibitor with a mechanism of ac-
tion similar to saquinavir.'**!?’ (See Antiviral Drugs for HIV Infection Compari-
son Chart.)

Adult Dosage. PO for treatment of HIV 600 mg q 12 hr with food in combina-
tion with nucleoside analogues. Ritonavir might be better tolerated initially if the
dosage is initiated at 300 mg q 12 hr and increased to 600 mg q 12 hr over 10-
14 days. If the 600 mg q 12-hr dosage is not reached after 2 weeks of therapy, dis-
continue therapy because the risk of developing viral resistance to ritonavir or
cross-resistance to other protease inhibitors is increased with lower dosages. PO
in protease inhibitor combination treatment of HIV (see Antiviral Drugs for
HIV Infection Comparison Chart).

Dosage Forms. Cap 100 mg; Soln 80 mg/mL. Capsules must be refrigerated.

Pharmacokinetics. Ritonavir is rapidly absorbed and increased by approximately
15% with food. Absolute bioavailability has not been determined in humans, but
bioavailability is 30-70% in animals. Ritonavir is 98-99% protein bound, primar-
ily to albumin and a;-acid glycoprotein. After a 600 mg oral dose taken with food,
a peak serum concentration of 11.2 + 3.6 mg/L (15.5 + 5 wmol/L) occurs at 3.3
2.2 hr and the trough is 3 + 2.1 mg/L (4.2 + 2.9 pmol/L). Serum concentrations
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can decrease over time because of autoinduction of the CYP3A and CYP2D
isoenzymes responsible for metabolism of ritonavir.

Adverse Reactions. Nausea, vomiting, diarrhea, asthenia, anorexia, abdominal
pain, taste perversion, perioral paresthesia, peripheral paresthesia, headache, in-
somnia, and elevated serum triglyceride concentrations occur frequently. Occa-
sionally, elevations of hepatic transaminases and CPK occur.

Drug Interactions. Ritonavir is a potent inhibitor of several cytochrome P450 en-
zymes (CYP2C9, 2C19, 2D6, and 3A3/4) and can produce large increases in
serum concentrations of highly metabolized drugs. Consult the product informa-
tion for contraindicated drugs and carefully review the patient’s medication list for
interactions before starting this therapy.

SAQUINAVIR Fortovase

SAQUINAVIR MESYLATE Invirase

Pharmacology. Saquinavir is a synthetic peptide-like substrate analogue that in-
hibits HIV protease. Inhibition of HIV protease prevents the cleavage of polypro-
tein precursors, which is essential for maturation of infectious virus.!?$!?
Saquinavir mesylate is formulated in a hard gelatin capsule. Saquinavir has been
reformulated into a soft gelatin capsule that combines saquinavir base in an oil-
like substance that allows microdispersion upon contact with gastric fluids en-
hancing oral bioavailability. (See Antiviral Drugs for HIV Infection Comparison
Chart.)

Administration and Adult Dosage. PO for advanced HIV disease in combina-
tion with other nucleoside analogues (saquinavir mesylate) 600 mg q 8 hr
(FDA-approved regimen but achieves inadequate serum concentrations to sup-
press HIV); (saquinavir) 1200 mg q 8 hr.

Special Populations. Pediatric Dosage. (<16 yr) safety and efficacy not estab-
lished.

Geriatric Dosage. Not studied but expected to be same as adult dosage.
Dosage Forms. (Saquinavir) Cap 200 mg; (saquinavir mesylate) Cap 200 mg.

Patient Instructions. (See HIV Drugs Class Instructions.) Saquinavir mesylate
(Invirase) must be taken within 2 hours after a full meal to achieve adequate con-
centrations of drug to inhibit viral replication. Saquinavir (Fortovase) is better ab-
sorbed and requires a snack or some food to help increase the amount of medica-
tion getting into the blood. Store saquinavir in the refrigerator. New onset diabetes
mellitus, worsening of pre-existing diabetes mellitus, and hyperglycemia have
been reported in HIV-infected patients receiving protease inhibitors. Some pa-
tients require initiation or dosage adjustments of insulin or oral hypoglycemic
agents. Diabetic ketoacidosis also has occurred. Hyperglycemia persists in some
cases after drug discontinuation.

Pharmacokinetics. Fate. Oral absorption of saquinavir mesylate is erratic and
the drug undergoes extensive first-pass metabolism. Approximately 30% of a
600 mg dose is absorbed when given within 2 hr after food; absolute bioavail-
ability averages 4%. Saquinavir bioavailability relative to saquinavir mesylate is
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331%. Saquinavir is 98% plasma protein bound; concentrations in the CSF
are negligible. Saquinavir undergoes metabolism primarily by CYP3A4; Cl is
1.14 L/hr/kg.'%

b 12 hr.

Adverse Reactions. Abdominal discomfort or pain, diarrhea, anorexia, and nau-
sea occur frequently. Occasional adverse reactions include asthenia, rash, eleva-
tions of transaminases, and headache. Rare reactions include ataxia, confusion,
hemolytic anemia, thrombophlebitis, attempted suicide, seizures, and exacerbation
of chronic liver disease.

Contraindications. (See Drug Interactions.)

Precautions. Do not use saquinavir as monotherapy because of the greater poten-
tial for developing resistance.

Drug Interactions. Do not administer saquinavir with rifampin because steady-
state AUC of saquinavir decreases by 80%. Administration with rifabutin reduces
saquinavir plasma concentrations by 40% and alternatives to this combination
should be considered. Avoid other drugs that strongly induce CYP3A4 because
they can substantially decrease saquinavir serum concentrations. Avoid co-
administration with astemizole or cisapride because of possible prolonged QT in-
tervals and serious cardiovascular adverse events. Concurrent ketoconazole and
possibly other inhibitors of CYP3A4 can increase the bioavailability and half-life
of saquinavir. (See Cytochrome P450 Enzyme Interactions.) Ingesting grapefruit
juice with saquinavir has been suggested to increase the bioavailability of
saquinavir by inhibition of CYP3A4. However, the grapefruit juice must be con-
centrated, taken with every dose of saquinavir, and contain flavinoids to have any
benefit. This method is not likely to be palatable to most patients because of gas-
tric irritation and appears unnecessary with the soft gelatin capsule formulation of
saquinavir.

Parameters to Monitor. (See Nelfinavir.)

Notes. Saquinavir (Fortovase) should be refrigerated; once brought to room tem-
perature (£25°C), use it within 3 months. Fortovase has a dosage of 1200 mg tid
to achieve saquinavir plasma concentrations sufficient to inhibit the replication of
HIV. The hard gelatin capsule formulation dosage of 600 mg tid does not consis-
tently achieve adequate saquinavir plasma concentrations. The use of ritonavir
400 mg bid and saquinavir 400 mg bid in combination has been used to improve
concentrations of saquinavir and tolerance of ritonavir.

STAVUDINE Zerit

Pharmacology. Stavudine (d4T) is a synthetic pyrimidine nucleoside reverse
transcriptase inhibitor that is structurally similar to zidovudine and has been
shown to inhibit HIV replication in vitro. Stavudine is phosphorylated by cellular
enzymes to stavudine triphosphate, which acts as a competitive inhibitor of HIV
reverse transcriptase and an alternative nucleoside substrate, which leads to pre-
mature elongation of viral DNA."13! (See Antiviral Drugs for HIV Infection
Comparison Chart.)
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Adult Dosage. PO for HIV (<60 kg) 30 mg bid; (=60 kg) 40 mg bid. Dosage can
be reduced to 15 mg q 12 hr for patients <60 kg or 20 mg q 12 hr for patients
260 kg if they are at risk for peripheral neuropathy. Reduce dosage in renal im-
pairment.

Dosage Forms. Cap 15, 20, 30, 40 mg; Soln 1 mg/mL.

Pharmacokinetics. Stavudine is well absorbed with or without food and oral
bioavailability is 82%. Average time to peak concentration is 1 hr with serum con-
centrations of about 1.2 mg/L after a single 0.67 mg/kg dose. Vq is 0.53 L/kg.
Limited data suggest that stavudine distributes into the CSF, with concentrations
approximately 40% of serum concentration. Renal clearance is about 40% of total
clearance, with the remaining drug metabolized to thymine and eventually to
[3-aminoisobutyric acid.

Adverse Reactions. The most frequent adverse effect is peripheral neuropathy;
occasionally, elevated hepatic transaminases occur.

ZIDOVUDINE Retrovir

Pharmacology. Zidovudine is a thymidine analogue that inhibits HIV replication.
It is converted to the active monophosphate form by thymidine kinase and ulti-
mately to zidovudine triphosphate by intracellular enzymes. This form exerts its
activity at viral DNA polymerase (reverse transcriptase) by competing with other
cellular deoxynucleosides and by acting as a chain terminator of DNA synthe-
sis.!® (See Antiviral Drugs for HIV Infection Comparison Chart.)

Administration and Adult Dosage. PO for HIV infection with 300 mg bid or
200 mg tid. PO for maternal-fetal HIV transmission (maternal) 300 mg bid,
begun after the 14th week of pregnancy and continued throughout the pregnancy,
then IV during labor 2 mg/kg over 1 hr, followed by a continuous infusion of
1 mg/kg/hr until delivery. (See also Pediatric Dosage.) PO for combination ther-
apy with zalcitabine 200 mg q 8 hr with zalcitabine 0.75 mg q 8 hr. PO for post-
exposure prophylaxis 1-1.5 g/day in 4 or 5 divided doses has been used,'*? but
the effectiveness of this regimen is not confirmed in humans and informed con-
sent should be obtained. IV for patients unable to take oral medication
1-2 mg/kg q 4 hr infused over 1 hr, only until oral therapy can be initiated.

Special Populations. Pediatric Dosage. PO for prevention of maternal HIV
transmission 2 mg/kg/dose q 6 hr for first 6 weeks of life, beginning 8-12 hr after
birth.'33 IV for prevention of maternal HIV transmission if unable to receive
PO 1.5 mg/kg/dose q 6 hr until oral therapy can be initiated. PO for HIV infec-
tion (0-2 weeks) 2 mg/kg/dose q 6 hr; (2-4 weeks) 3 mg/kg/dose q 6 hr; (4
weeks—13 yr) 180 mg/m%dose (to a maximum of 200 mg) q 6 hr; (over 13 yr)
100 mg q 4 hr 5 times/day.!®

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Reduce dosage by 50% in patients with Cle <25 mL/min®’ and
75% in those with cirrhosis.'**
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Dosage Forms. Cap 100 mg; Tab 300 mg; Syrup 10 mg/mL; Inj 10 mg/mL.
(See Notes.)

Patient Instructions. (See HIV Drugs Class Instructions.) This drug is not a cure
for HIV disease. Opportunistic infections and other complications associated with
HIV infection can continue to develop. This drug may be taken with food to de-
crease abdominal discomfort or nausea. It is important to have blood counts fol-
lowed closely during therapy to monitor for decreases in blood cell counts.

Pharmacokinetics. Serum Levels. Not established; intracellular concentrations of
zidovudine triphosphate might correlate with therapeutic benefit, but in vivo data
are not available.

Fate. Zidovudine (ZDV) undergoes marked presystemic metabolism. Oral
bioavailability is 60-70%, possibly reduced with high-fat meals. Peak serum lev-
els are approximately 1.2 mg/L (4.5 wmol/L) after a 250 mg oral dose. Protein
binding is less than 25%. CSF concentrations are 24% of serum in children receiv-
ing a continuous infusion of the drug. Vs is 1.6 + 0.6 L/kg; Clis 1.3 + 0.3 L/hr/kg
in adults and 36.4 £ 11.5 L/hr/m? in children. ZDV is rapidly metabolized to the
inactive ether glucuronide (GZDV). GZDV formation is reduced, and zidovudine
AUC and half-life are increased in patients with cirrhosis. About 60% of an oral
dose is excreted as GZDV in urine. GZDV excretion is reduced in patients with
renal dysfunction; hemodialysis removes GZDV but not ZDV 71313

ty. (Adults) 1.1 0.2 hr; 2.1 hr in uremia; 2.4 hr in cirrhosis.”” (Children) 1.5 +
0.6 hr.

Adverse Reactions. Severe anemia and granulocytopenia occur frequently and
might necessitate blood transfusions; epoetin might help alleviate anemia in patients
with low serum erythropoietin levels. Other frequent adverse reactions associated
with zidovudine in placebo-controlled trials include abdominal discomfort, nausea,
vomiting, insomnia, myalgias, and headaches. Adverse reactions that occasionally
occur with long-term use (>12 weeks) are myopathy and nail pigmentation.'®

Contraindications. Life-threatening allergy to the drug or its components.

Precautions. Pregnancy; lactation. Use with caution in liver disease or hep-
atomegaly, especially in obese women.

Drug Interactions. Several drugs decrease the glucuronidation of zidovudine, in-
cluding atovaquone, methadone, probenecid, valproic acid, and possibly flucona-
zole; rifampin increases zidovudine glucuronidation; however, the clinical impor-
tance of these interactions is not established.!** Initial studies showed that
prolonged administration of acetaminophen was associated with increased hema-
tologic toxicity from zidovudine, but further study does not support this finding.'*

Parameters to Monitor. Hemoglobin, hematocrit, MCV, and WBC for hemato-
logic toxicity. Monitor clinical signs, symptoms, and laboratory markers for
progression of HIV disease to help decide regimen changes in antiretroviral ther-
apy. Baseline CD4 and HIV-1 RNA polymerase chain reaction viral load tests
are useful to measure clinical benefit of therapy. Repeat tests after 1 month and q
3-4 months thereafter have been suggested to monitor benefit of antiretroviral
therapy.
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Notes. Viral resistance to zidovudine has occurred in vitro with isolates recovered
from patients and is associated with prolonged zidovudine use and more advanced
disease; correlation between viral resistance in vitro and progression of disease
has not been established. Studies with lamivudine (3TC) suggest that the combi-
nation can delay or prevent HIV-1 viral resistance to zidovudine. Aztec (Verex)
is an SR dosage form in late-stage testing.

ANTIRETROVIRAL THERAPY FOR HIV

The use of protease inhibitors and/or nonnucleoside reverse transcriptase in-
hibitors in combination with nucleoside reverse transcriptase inhibitors has dra-
matically changed the treatment of HIV infection. Regimens containing a protease
inhibitor or nonnucleoside reverse transcriptase inhibitor have enhanced the abil-
ity to inhibit replication of HIV, affecting immunologic and viral markers, delay-
ing progression of disease, and improving survival. Many formidable hurdles
stand in the way of effective treatment, including patient adherence to dosage reg-
imens, adverse effects, and drug—drug interactions. These hurdles interfere with
quality of life and control of the viral burden and also contribute to the emergence
of resistance. It is essential for health care providers and patients to appreciate the
complexity of antiretroviral medication regimens to achieve harmony between
goals of antiretroviral therapy and optimal patient care. General principals of
treatment that guide contemporary treatment decisions are outlined below:

* Viral load monitoring is essential to guide decision making.

* Attaining and maintaining an undetectable HIV RNA in blood (which can
indirectly reflect lymph concentrations) is the goal of therapy.

* Introduce effective antiretroviral therapy before extensive immune system
damage has occurred.

* Three-drug combination therapy, is the regimen most likely to achieve the
goal of an undetectable HIV RNA level and provide a durable response.

» Compliance with the treatment regimen is critical to success and must be
considered in initiating and choosing regimens.

* Change most or all drugs in a failing regimen simultaneously; use anti-
retroviral drug resistance testing to guide new antiretroviral regimen de-
cisions.

For further information and clarification on appropriate uses of antiretroviral
therapy, see U.S. Public Health Service guidelines for the use of antiretroviral
agents in pediatric HIV infection and HIV-infected adults and adolescents (refer-
ences 137 and 138).
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE 1S0ZYMES REACTIONS COMMENTS
HIV NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS
Abacavir Tab 300 mg PO 300 mg bid. PO (3 months—16 yr) No effect. Rash, asthenia, Patients who have a hypersensitivity
Ziagen Soln 20 mg/mL. 8 mg/kg (to a maxi- hypersensitivity reaction must not take the drug; it
mum of 300 mg) bid. reaction. could be fatal.
Didanosine Chew Tab 25, 50, (See monograph.) (See monograph.) No effect. Neuropathy, Cler <60 mL/min, consider dosage
Videx 100, 150, 200 mg pancreatitis, reduction, (see monograph).
Videx EC Pwdr for Oral Soln nausea, dys-
(adult) 100, 167, geusia, diarrhea,
250, mg Pwdr for hyperuricemia,
Oral Soln (pediatric) headache, asthe-
2,44. nia, seizures,
pruritus.

(continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE ISOZYMES REACTIONS COMMENTS
Lamivudine Tab 100, 150 mg PO 150 mg bid. PO (3 months— No effect. Nausea, headache, Reduce dosage in renal impairment:
Epivir Soln 5, 10 mg/mL. 12 yr) 4 mg/kg q fatigue, rash, Cler 3049 mL/min, 150 mg/day;
12 hr, to a maxi- anorexia; gen- Cler 15-29 mL/min, 150 mg once,
mum of 150 mg q erally well tol- then 100 mg/day; Cly, 5-14 mL/
12 hr. erated, but min, 150 mg once, then 50 mg/day;
pancreatitis is Cler <5 mL/min, 50 mg once,
a risk in pedi- then 25 mg/day.
atric population,
but not in adults.
Stavudine Cap 15, 20, 30, PO (<60 kg) PO (<30 kg) No effect. Neuropathy, head- Reduce dosage in renal impairment:
Zerit 40 mg 30 mg bid; PO 1mg/kg g 12 hr. ache, nausea, Cler 26-50 mL/min, reduce dosage
Soln 1 mg/mL. (>60 kg) 40 mg asthenia, insom- by 50% and give q 12 hr; Cl, 10—
bid. Reduce dos- nia, elevated 25 mL/min, reduce dosage by 50%
age for mild to hepatic enzymes. and give q 24 hr.
moderate peri-
pheral neuropathy.
Zalcitabine Tab 0.375, PO 0.75 mg tid. Not established. No effect. Neuropathy, oral Reduce dosage in renal impairment:
Hivid 0.75 mg. Reduce dosage for and esophageal Cler 10-40 mL/min, same dose
symptoms of ulceration, elevated q 12 hr; Cler <10 mL/min, same
peripheral hepatic enzymes, dose q 24 hr.
neuropathy. pancreatitis, rash,

pruritus. (continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE ISOZYMES REACTIONS COMMENTS

Zidovudine Cap 100 mg PO 200 mg tid or PO (neonates) No effect. Bone marrow sup- Reduce dosage in renal impairment:

Retrovir Tab 300 mg 300 mg bid. 2 mg/kg q 6 hr; pression (anemia, Cler <25 mL/min, reduce recom-

Syrup 10 mg/mL (See monograph IV (neonates) 1.5 neutropenia), nausea, mended dosage by 50%.
Inj 10 mg/mL. for other indi- ma/kg q 6 hr abdominal pain, ele-
cations.) (infants and vated hepatic enzymes,
children) 80 headache, malaise,
mg/m? q 6 hr elevated CPK, myopathy,
nail discoloration.

Zidovudine Tab 300 mg PO 1 tablet bid. Not recommended. No effect. (See lamivudine Contraindicated in renal impairment.
and Lami- zidovudine and zidovudine.)
vudine plus 150 mg

Combivir lamivudine.
Zidovudine, Tab 300 mg zido- PO 1 tablet bid. Not No effect (See individual Contraindicated in renal impairment.
Lamivudine vudine plus 150 mg established agents.)
and Abacavir lamivudine plus

Trizivir 300 mg abacavir.
HIV NUCLEOTIDE REVERSE TRANSCRIPTASE INHIBITORS
Tenofovir DF Tab 300 mg. PO 300 mg/day Not No effect. Nausea Well tolerated in early trials. Activity may
Disoproxil established. be enhanced by concomitant lamivudine.
Fumarate

(Investigational

Gilead) (continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE ISOZYMES REACTIONS COMMENTS
NONNUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS
Delavirdine Tab 100, 200 mg. PO 400 mg tid. Not established. Inhibits Rash, headache, Tablets may be dispersed in water to
Rescriptor or 600 mg bid. CYP2C9 elevated hepatic allow easier administration.
CYP2C19 enzymes.
CYP3A4
Efavirenz Cap 50, 100, PO 600 mg qd. (10—14 kg) 200 mg/day; Induces CNS symptoms, CNS symptoms frequently resolve
Sustiva 200 mg. (15—19 kg) 250 mg/day; CYP3A4 dizziness, rash, within 2—4 weeks of initiating
(20—24 kg) 300 mg/day; Inhibits dysphoria, therapy. It may be helpful to take
(25-32.5 kg) 350 mg/day; CYP2C9 anxiety, nau- dose at bedtime or to take in 2-3
(32.5-39 kg) 400 mg/day; CYP2C19 sea, insomnia, divided doses to help reduce
(>40 kg) 600 mg/day. CYP3A4 inability to symptoms. Rash frequent in first
concentrate. 2 weeks, but usually resolves in
2 months.
Nevirapine Tab 200 mg PO 200 mg/day PO initiate with 120 mg/m? Induces Rash, hepatitis, To reduce the frequency of rash, it is
Viramune Susp 10 mg/mL. for 14 days, once daily for 14 days, CYP3A4 fatigue, essential to increase the dosage
then 400 mg/ then increase to full dosage headache. over 14 days. Increase to full
dayin1or2 of 120-200 mg/m? q 12 hr. dosage only if no rash or other
doses. (See adverse effects occur.
comments.) (continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE ISOZYMES REACTIONS COMMENTS
PROTEASE INHIBITORS
Amprenavir Cap 50, 150 mg PO 1.2 g bid. PO 20-22.5 Inhibits Rash (frequent), Rash usually occurs within 9 days
Agenerase Soln 15 mg/mL. Combination: mg/kg bid. CYP3A4 nausea, vomit- and resolves in 1 week after dis-
PO 600 mg plus CYP2C19 ing, diarrhea, continuation; Stevens-Johnson
ritonavir PO CYP2E1 flatulence, peri- syndrome has occurred.
100 mg bid.? oral paresthesias.
Triglycerides,
LFTs, and
glucose.

Indinavir Cap 200, 333, PO 800 mgq8hr. PO 500 mg/m? Inhibits Nausea, headache, Administer on an empty stomach
Mesylate 400 mg. Combinations: 1. PO q 8 hr (under CYP3A4 abdominal pain, 1 hr before or 2 hr after a meal (or
Crixivan 400 mg bid plus PO study in clin- hyperbilirubin- can take with a light meal). Ade-

ritonavir 400 mg bid. ical trials). emia, insomnia, quate hydration is required to min-
2. PO 800 mg bid dizziness, imize risk of nephrolithiasis.
plus PO ritonavir nephrolithiasis.
200 mg bid.2
Lopinavir Cap 133.3mg PO 3 caps bid. Not (See (See Generally well tolerated because
and Ritonavir lopinavir plus established ritonavir.) ritonavir.) of lowered ritonavir dosage. Refrig-
Kaletra 33.3 mg ritonavir. erate but may keep at room temp-

erature for 30 days.

(continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE 1S0ZYMES REACTIONS COMMENTS
Nelfinavir Tab 250 mg PO 750 mg tid or PO 20-30 mg/kg Inhibits Diarrhea, nausea, Administer with food or light snack
Mesylate Pwdr 50 mg 1250 mg bid. tid. CYP3A4 dysphagia, rash. to increase absorption 2- to 3-fold.
Viracept nelfinavir free
base per level
scoopful (1 g).
Ritonavir Cap® 100 mg PO 600 mg PO 400 mg/m? Inhibits Nausea, vomiting, Titrate dosage from 300 mg q 12 hr to
Norvir Soln® 80 mg/mL. q12hre q12hr8 CYP3A4 diarrhea, headache, 600 mg q 12 hr over 1014 days
CYP2C9 circumoral and ex- to reduce adverse events.
Combination: CYP2C19 tremity paresthesias,
PO 400 mgq CYP2D6 asthenia, taste per-
12 hr plus version, elevated
saquinavir serum triglycerides,
PO 400 mg q hepatic transaminases,
12hr? CPK, uric acid.
Saquinavir Cap 200 mg. PO 1.2 g tid. Not Inhibits Abdominal Bioavailability relative to Invirase
Fortovase established. CYP3A4 cramping, formulation is 331%. Refrigerate cap-
Combination: nausea, sules, but may keep at room temperature
1.PO 400 mg q diarrhea, for 90 days.
12 hr plus ritonavir headache.
400mg PO g12hr.
2.P0 800 mgq
12 hr plus ritonavir
PO200mgq12hr? (continued)
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ANTIVIRAL DRUGS FOR HIV INFECTION COMPARISON CHART (continued)

EFFECT ON
DOSAGE ADULT PEDIATRIC CYP450 ADVERSE
DRUG FORMS DOSAGE DOSAGE ISOZYMES REACTIONS COMMENTS
Saquinavir Cap 200 mg. PO 600-1800 Not Inhibits Nausea, Bioavailability is 4% and erratic;
Mesylate mg tid. established. CYP3A4 headache, use Fortovase if tolerated.
Invirase Combination: elevated

PO 400 mg q hepatic

12 hr with transaminases.

ritonavir

400 mg PO

q12hr.

@Under study in clinical trials.

PRitonavir capsules must be kept refrigerated. Ritonavir solution must be stored in the original container.

“Adult dosage escalation for ritonavir: days 1-2, 300 mg PO bid; days 3-5, 400 mg PO bid; days 613, 500 mg PO bid; day 14, 600 mg PO bid.
9Pediatric dosage escalation for ritonavir: Initiate therapy at 250 mg/m? q 12 hr and increase stepwise to full dosage over 5 days as tolerated.
From references 137—-139 and product information.
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OSELTAMIVIR PHOSPHATE Tamiflu

Pharmacology. Oseltamivir phosphate is the ethyl ester prodrug of oseltamivir
carboxylate, which is a selective inhibitor of the enzyme neuraminidase. (See
Zanamavir.) 4142

Administration and Adult Dosage. PO for treatment of influenza virus A or B
(start within 48 hr of onset of symptoms) 75 mg bid for 5 days.

Special Populations. Pediatric Dosage. (<18 yr) Safety and efficacy not estab-
lished.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Tn renal insufficiency (Cl, 10-30 mL/min) reduce dose to
75 mg/day for 5 days. There is no dosage information for Cle, <10 mL/min.

Dosage Forms. Cap 75 mg.

Patient Instructions. Begin treatment with oseltamivir within 2 days of initial flu
symptoms. Oseltamivir is not a substitute for influenza vaccination.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose
(within 2 hours), take that dose only and go back to your regular dosage schedule.
Leave at least 12 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Oseltamivir phosphate is extensively absorbed after
oral ingestion and converted by hepatic esterases to the active oseltamivir car-
boxylate. Food does not affect overall systemic exposure to the oseltamivir car-
boxylate. Oral bioavailability of oseltamivir carboxylate is >75% after a 75 mg
dose. The peak serum concentration is 348 + 63 pg/L within 2-3 hr after a 75 mg
dose. Protein binding of oseltamivir carboxylate is approximately 3%. Vg is esti-
mated to be 0.35 + 0.02 L/kg. Oseltamivir is eliminated (>99%) by renal excre-
tion, 140.141

ty. 7.5£0.7 hr.!¥

Adverse Reactions. Nausea and vomiting are the most frequent adverse events,
occurring in about 10% of patients. Bronchitis, insomnia, and vertigo occur occa-
sionally. 141143

Drug Interactions. Oseltamivir is not a substrate and does not affect cytochrome
P450 isoenzymes. There are no known drug interactions.

Parameters to Monitor. Progression of influenza symptoms.

Notes. There are no data to support the safety or efficacy in patients who begin
oseltamivir after 48 hr of influenza symptom onset. Patients should continue to re-
ceive an annual influenza vaccination according to guidelines on immunization
practices.

ZANAMIVIR Relenza

Pharmacology. Zanamivir is an inhibitor of the enzyme neuraminidase (siali-
dase), which is essential for the replication of type A and B influenza viruses.
Neuraminidase catalyzes the viral cleavage of terminal sialic acid (N-acetylneu-
raminic acid) and this action allows release of budded virus from infected cells,
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such that virons do not aggregate at the cell surface or with each other, allowing
viral spread to occur within the host, 140143144

Administration and Adult Dosage. Inhal for influenza virus A or B (start
within 48 hr of onset of symptoms) 10 mg (2 inhalations) bid for 5 days. Give
the first dose under the supervision of an informed healthcare professional to ob-
serve correct use of the inhalation device.

Special Populations. Pediatric Dosage. (<7 yr) Safety and efficacy not estab-
lished; (=7 yr) same as adult dosage.

Geriatric Dosage. Same as adult dosage.
Dosage Forms. Dry Pwdr Inhal 5 mg.

Patient Instructions. Read and follow carefully the accompanying Patient In-
structions for Use with each Diskhaler device. Take 2 doses on the first day of
treatment if they are given at least 2 hours apart. Take doses on days 2 through 5
approximately 12 hours apart and at the same time each day. To avoid the spread
of infection, do not use the inhaler for more than one person. Zanamivir is not a
substitute for influenza vaccination.

Missed Doses. Take this drug at regular intervals. If you miss a dose of this medi-
cine, take it as soon as you remember. If it is almost time for your next dose, take
that dose only and go back to your regular dosage schedule. Leave at least 12
hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. (Inhal) The peak serum concentration is 39-54 pg/L
within 1-2 hr after a 10 mg inhaled dose. Oral bioavailability of inhaled zanamivir
is 4-17%. Protein binding is less than 10%. Zanamivir is excreted unchanged in
the urine.'**

ty. 3.6+ 1.3 hr.!*

Adverse Reactions. Nasal and throat discomfort, cough, headache have occurred
in 2-3% of patients. This prevalence is similar to placebo and might be related to
inhalation of the lactose vehicle. Bronchospasm has occurred occasionally in pa-
tients with asthma or COPD.'#

Precautions. Use with extreme caution in patients with underlying airway dis-
eases such as asthma or COPD because of the potential for causing bronchospasm.
Instruct patients who use inhaled bronchodilators concurrently with zanamivir to
use their bronchodilators before inhaling zanamivir.

Drug Interactions. Zanamivir is not a substrate and does not affect cytochrome
P450 isoenzymes. There are no known clinically relevant drug interactions.

Parameters to Monitor. Inhalation technique, progression of influenza symp-
toms.

Notes. There are no data to support the safety or efficacy in patients who begin
zanamivir treatment after 48 hr of influenza symptom onset. Patients should con-
tinue to receive an annual influenza vaccination.
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AMOXICILLIN Amoxil, Various

Pharmacology. Amoxicillin differs from ampicillin by the presence of a hydroxyl
group on the amino side chain. It has activity essentially identical to ampi-
cillin.'*¥1% (See Ampicillin and 3-Lactams Comparison Chart.)

Adult Dosage. PO 250-500 mg q 8 hr or 500-875 mg bid, to a maximum of
4.5 g/day. PO for endocarditis prophylaxis 2 g 1 hr before dental or upper air-
way procedures.

Pediatric Dosage. PO 20-40 mg/kg/day in 3 equally divided doses q 8 hr. PO
for endocarditis prophylaxis 50 mg/kg 1 hr before dental or upper airway proce-
dures.

Dosage Forms. Cap 250, 500 mg; Chew Tab 125, 200, 250, 400 mg; Drp
50 mg/mL; Susp 25, 50 mg/mL; Tab 500, 875 mg.

Pharmacokinetics. Amoxicillin is completely absorbed, with about 85% bio-
availability because of a small first-pass effect. Serum concentrations are greater
than those after equal doses of ampicillin; postabsorptive pharmacokinetics are
identical to those of ampicillin.

Adverse Reactions. Adverse effects are similar to those of ampicillin, although
diarrhea and rashes are much less frequent with amoxicillin.

AMOXICILLIN AND POTASSIUM GLAVULANATE Augmentin

Pharmacology. Clavulanic acid has weak antibacterial activity but is a potent in-
hibitor of plasmid-mediated [-lactamases, including those produced by
Haemophilus influenzae, Moraxella (Branhamella) catarrhalis, Staphylococcus
aureus, Neisseria gonorrhoeae, and Bacteroides fragilis. Thus, when combined
with certain other (3-lactam antibiotics, the combination is very active against
many bacteria resistant to the B-lactam alone.'*":148

Adult Dosage. PO One “250” or “500” tablet q 8 hr or 1 “875” tablet q 12 hr.
(See Dosage Forms.)

Pediatric Dosage. PO 20-40 mg/kg/day (of the amoxicillin component) in 3 di-
vided doses or 45 mg/kg/day in 2 divided doses. (See Dosage Forms.)

Dosage Forms. Do not substitute combinations of lower-dose tablets to make a
higher dose because diarrhea is markedly increased. Tab (8 hr) 250 mg amoxi-
cillin/125 mg clavulanic acid, 500 mg amoxicillin/125 mg clavulanic acid; (12 hr)
875 mg amoxicillin/125 mg clavulanic acid; Chew Tab (8 hr) 125 mg amoxi-
cillin/31.25 mg clavulanic acid, 250 mg amoxicillin/62.5 mg clavulanic acid; (12
hr) 200 mg amoxicillin/28.5 mg clavulanic acid, 400 mg amoxicillin/57 mg clavu-
lanic acid; Susp (8 hr) 25 mg amoxicillin/6.25 mg clavulanic acid/mL, 50 mg
amoxicillin/12.5 mg clavulanic acid/mL; (12 hr) 40 mg amoxicillin/5.7 mg clavu-
lanic acid/mL, 80 mg amoxicillin/11.4 mg clavulanic acid/mL.

Pharmacokinetics. Peak serum clavulanate concentration is 2.6 mg/L 40-60 min
after an oral dose of 250 mg amoxicillin/125 mg clavulanate. Amoxicillin phar-
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macokinetics are not affected by clavulanic acid. Clavulanic acid half-life is ap-
proximately 60 min.

Adverse Reactions. Adverse effects of this preparation include those of amoxi-
cillin; however, diarrhea is more frequent with the combination and depends on
the dosage of clavulanate. The 12-hr formulations reduce the frequency of diar-
rhea. Nausea and diarrhea is less frequent when this preparation is administered
with food. (See B-Lactams Comparison Chart.)

AMPICILLIN Various

Pharmacology. Ampicillin has a similar mechanism of action and is comparable
in activity to penicillin G against Gram-positive bacteria, but is more active than
penicillin G against Gram-negative bacteria.'*'* (See B-Lactams Comparison
Chart.)

Adult Dosage. PO 250-500 mg q 6 hr. IM or IV 500 mg-3 g q 4-6 hr to a maxi-
mum of 12 g/day. Give the same dose q 12 hr with a Cl;; <20 mL/min. IV or IM
for endocarditis prophylaxis 2 g within 30 min of procedure.

Pediatric Dosage. PO (<20 kg) 50-100 mg/kg/day in 2—4 divided doses; (>20
kg) 100-400 mg/kg/day in 4-6 divided doses. IV (neonates) 25-100 mg/kg/dose q
6-12 hr—higher dosages for meningitis; (<20 kg) 50-100 mg/kg/day in 24 di-
vided doses; (>20 kg) 400 mg/kg/day in 4-6 divided doses. IV or IM for endo-
carditis prophylaxis 50 mg/kg within 30 min of procedure.

Dosage Forms. Cap 250, 500 mg; Susp 25, 50, mg/mL; Inj 125, 250, 500 mg, 1,
2,10 g.

Pharmacokinetics. Oral forms are about 50% absorbed in the fasting state; food
delays absorption. Plasma protein binding is low, and therapeutic concentrations
are attained in most tissues and fluids including CSF (in the presence of inflam-
mation). About 90% is excreted unchanged in urine. Half-life is 1.2 hr, 2 hr in
neonates, increasing to 20 hr in anuric patients.

Adverse Reactions. Nausea and diarrhea occur frequently with oral therapy.
Other reactions include frequent skin rash (more frequent in patients receiving al-
lopurinol and very frequent in patients with Epstein-Barr virus infection [mononu-
cleosis]). Most of these eruptions probably are not hypersensitivity reactions but
immunologically mediated. They are generally dose related (higher frequency at
higher dosages), are macular rather than urticarial, and disappear with continued
administration of the drug.

ANTISTAPHYLOGOCCAL PENICILLINS

Pharmacology. Methicillin, nafcillin, oxacillin, cloxacillin, and dicloxacillin are
similar to other penicillins in their mechanism of action. However, these drugs are
not hydrolyzed by staphylococcal penicillinases. Therefore, nearly all isolates of
Staphylococcus aureus and some isolates of coagulase-negative staphylococci are
susceptible to these drugs. Methicillin- (actually (-lactam-) resistant staphylo-
cocci have altered penicillin-binding proteins (transpeptidases). Although these
drugs are used primarily in staphylococcal infection, they retain good activity
against most streptococci, except enterococci.! 3145142
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Adult Dosage. Oral administration of nafcillin and oxacillin is not recommended
because they are poorly absorbed. (See B-Lactams Comparison Chart.)

Pediatric Dosage. (See 3-Lactams Comparison Chart.)
Dosage Forms. (See B-Lactams Comparison Chart.)

Pharmacokinetics. Only cloxacillin and dicloxacillin are adequately absorbed
from the GI tract. Except for methicillin, these drugs are mostly hepatically elimi-
nated by metabolism and biliary excretion.

Adverse Reactions. Interstitial nephritis is frequent with methicillin but occurs
only rarely with the other drugs. Hepatic damage occurs rarely with oxacillin.
Nafcillin has a propensity for local irritation at the IV infusion site and causes
neutropenia more frequently than other antistaphylococcal penicillins.

AZTREONAM Azactam

Pharmacology. Aztreonam is a monobactam with activity similar to that of third-
generation cephalosporins against most Gram-negative aerobic bacteria (including
P. aeruginosa) but it is inactive against Gram-positive bacteria and anaer-
obes.!>*132 (See B-Lactams Comparison Chart.)

Adult Dosage. IM or IV 500 mg-2 g q 6-12 hr, to a maximum of 8 g/day, de-
pending on severity and site of infection. Reduce maintenance dosage by 50%
with a Cli; of 10-30 mL/min and by 75% with a Cl; <10 mL/min. Give one-
eighth of the initial dose after hemodialysis.

Pediatric Dosage. IV (<1 month) 30 mg/kg q 6-12 hr; (1 month-16 yr) 30 mg/kg
q 6-8 hr. Dosages as high as 50 mg/kg q 6 hr have been used in children with cys-
tic fibrosis or serious Gram-negative infections (eg, P. aeruginosa).

Dosage Forms. Inj 500 mg, 1,2 g.

Pharmacokinetics. Peak serum concentrations of 164 and 255 mg/L occur after
30-min IV infusions of 1 and 2 g, respectively. With inflamed meninges, CSF
concentrations are similar to those observed with comparable dosages of third-
generation cephalosporins, but experience in treating meningitis is limited. The
drug is 60% plasma protein bound and has a V4 of about 0.24 L/kg; 60-70% is ex-
creted in urine unchanged. The half-life is 1.5-2 hr, increasing to 6 hr in renal fail-
ure and 3.2 hr in alcoholic cirrhosis.

Adverse Reactions. Adverse effects of aztreonam are minimal. Cross-
allergenicity between aztreonam and other B-lactams is low, and aztreonam has
been used safely in penicillin- or cephalosporin-allergic patients.

CEPHALOSPORINS

Pharmacology. Cephalosporin antibiotics have broad-spectrum activity against
many Gram-positive and Gram-negative pathogens. These agents are generally
considered to be bactericidal through binding to various penicillin-binding pro-
teins in bacteria, which results in changes in cell wall structure and function.
Members of this class are frequently subdivided into “generations” based on their
antimicrobial activity (as well as order of introduction into clinical use).'¥1%
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First-generation cephalosporins have activity against Gram-positive
bacteria (eg, Staphylococcus sp.) and a limited, but important, number of species
of aerobic Gram-negative bacilli (eg, Escherichia coli, Klebsiella sp., Proteus
mirabilis). Haemophilus influenzae and most other aerobic Gram-negative bacilli
often indigenous to hospitals (eg, Enterobacter, Pseudomonas spp.) are resistant
to these drugs. Anaerobic bacteria isolated in the oropharynx are generally sus-
ceptible to these agents; however, anaerobes such as Bacteroides fragilis are
resistant.!3>1%

The second-generation cephalosporins cefamandole, cefonicid, and cefu-
roxime differ from first-generation agents in their improved activity against
H. influenzae and some strains of Enterobacter, Providencia, and Morganella
spp."*>!% The oral second-generation cephalosporins cefuroxime axetil, ceprozil,
and loracarbef (a carbacephem) have similar but less potent activity.'’-'%* Cefox-
itin, cefmetazole, and cefotetan (which are actually cephamycins) have increased
activity against anaerobes, including B. fragilis;'*>19"192 the other second-
generation cephalosporins have poor activity against this organism.'>?

Third-generation cephalosporins are noteworthy for their marked potency
against common Gram-negative organisms (eg, E. coli, Klebsiella pneumoniae)
and their activity against Gram-negative bacilli resistant to older agents (eg, Ser-
ratia sp., P. aeruginosa). Although grouped together, some agents have better ac-
tivity against certain organisms (eg, ceftazidime is better against P. aeruginosa),
and poorer activity against others (eg, cefixime and ceftazidime are poorer against
Staphylococcus aureus).5>13315>:156

Fourth-generation cephalosporins have a spectrum similar to that of third-
generation drugs, plus activity against some Gram-negative strains that are resis-
tant to the third-generation agents, such as Enterobacter sp. Their antianaerobic
activity is poor. Resistance to cephalosporins is mediated by [3-lactamase, reduc-
tion in outer cell wall membrane permeability, and alteration of the affinity of
these agents for penicillin-binding proteins. Resistance among certain {3-lacta-
mase—producing organisms (eg, Enterobacter and Citrobacter spp.) to third-
generation cephalosporins has increased in recent years such that these agents can-
not be relied on to provide effective therapy.'®

Administration and Adult Dosage. (See 3-Lactams Comparison Chart.)
Special Populations. Pediatric Dosage. (See B-Lactams Comparison Chart.)

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Most agents require dosage modification in renal dysfunction;
exceptions are ceftriaxone and cefoperazone, which have biliary and renal or pri-
marily biliary elimination, respectively.!” Dosage reduction of all agents is re-
quired in patients with concomitant hepatic and renal dysfunction. (See B-Lactams
Comparison Chart.)

Pharmacokinetics. Some of the greatest differences between agents reside in
their pharmacokinetic properties. Of note is the improved CSF penetration of
certain later-generation agents over the first-generation agents. Therapeutic CSF
concentrations are achieved with cefotaxime, ceftriaxone, and ceftazidime; these
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agents have proven efficacy in the treatment of meningitis caused by susceptible
organisms in adults and children.'>!3>15 Adequate CSF concentrations of cefti-
zoxime also have been observed, although its use in the treatment of meningitis is
less well established. Cefuroxime penetrates adequately into CSF but is less effec-
tive for meningitis than third-generation agents.">'®> No data are available on ce-
fepime concentrations in the CNS, but it does cross the blood-brain barrier. (See
B-Lactams Comparison Chart.)

Adverse Reactions. Most cephalosporins are generally well tolerated, although a
few agents have unique adverse reactions. Hypersensitivity reactions can occur in
approximately 10% of patients known to be allergic to penicillin; do not adminis-
ter these agents to patients with histories of an immediate reaction to penicillin.'**
Nausea and diarrhea occur with all agents; however, diarrhea is more common
with ceftriaxone and cefoperazone because of high biliary excretion.! 213515 Coli-
tis caused by Clostridium difficile has been reported with all the cephalosporins
but might be more common with ceftriaxone and cefoperazone. Nephrotoxicity is
rare, particularly when used without other nephrotoxic agents.'® All agents with
an N-methylthiotetrazole (NMTT) moiety in the 3 positions of the cephem nucleus
(cefoperazone, cefamandole, cefotetan, and cefmetazole) can produce a disulfi-
ram-like reaction in some patients with ingestion of alcohol-containing beverages.
In addition, these agents might be associated to varying degrees with bleeding sec-
ondary to hypoprothrombinemia, which is corrected or prevented by vitamin K
administration,'>15%136.165 Ajthough controversial, the mechanism of this reaction
appears to involve inhibition of enzymatic reactions requiring vitamin K in the ac-
tivation of prothrombin precursors by NMTT. However, other factors (eg, malnu-
trition, liver disease) might be more important risk factors for bleeding than the
NMTT-containing cephalosporins.'®> Thus, cautious use (and perhaps even avoid-
ance) of agents with the NMTT side chain is recommended in patients with poor
oral intake and critical illness. Administration of vitamin K and monitoring of the
prothrombin time are indicated with these agents, particularly when therapy is
prolonged. Positive direct Coombs’ tests occur frequently but hemolysis is
rare.!>156 Ceftriaxone has been associated with biliary pseudolithiasis (sludging),
which can be asymptomatic or resemble acute cholecystitis.'® This adverse effect
occurs most often with dosages of >2 g/day, especially in patients receiving pro-
longed therapy or those with impaired gallbladder emptying. The mechanism is
ceftriaxone-calcium complex formation, and it is usually reversible with drug dis-
continuation.'%® Neonates given ceftriaxone can develop kernicterus caused by
displacement of bilirubin from plasma protein binding sites; its use in this popula-
tion is best avoided. Development of resistance during treatment of infections
caused by Enterobacter sp., Serratia spp., and P. aeruginosa has occurred with all
these agents.!¥1313

Precautions. Penicillin allergy. Use agents with NMTT side chain with caution
in patients with underlying bleeding diathesis, poor oral intake, or critical illness.
Use with caution in renal impairment and in those on oral anticoagulants (espe-
cially NMTT-containing drugs). Avoid use of ceftriaxone in neonates, particularly
premature infants.
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Drug Interactions. Avoid concomitant ingestion of alcohol or alcohol-containing
products with agents containing the NMTT side chain. Probenecid reduces renal
clearance and increases serum levels of most agents, except those that do not un-
dergo renal tubular secretion (eg, ceftazidime, ceftriaxone).

Parameters to Monitor. Monitor prothrombin time 2-3 times/week with agents
having an NMTT side chain, particularly when using large dosages; monitor
bleeding time with high dosages of agents having an NMTT side chain. Obtain an-
timicrobial susceptibility tests for development of resistance in patients relapsing
during therapy. Monitor renal function tests initially and periodically during high-
dose regimens or when the drug is used concurrently with nephrotoxic agents.
Monitor for diarrhea, particularly with ceftriaxone and cefoperazone; test stool
specimen for C. difficile toxin if diarrhea persists or is associated with fever or ab-
dominal pain.

CEFAZOLIN SODIUM Ancef, Kefzol, Various

Pharmacology. Cefazolin is a first-generation cephalosporin with activity against
most Gram-positive aerobic organisms except enterococci and some Gram-
negative bacilli (eg, Escherichia coli, Klebsiella sp., Proteus mirabilis)."*!%

Adult Dosage. IM or IV for treatment 250 mg-2 g q 6-12 hr (usually 1-2 g q 8
hr), to a maximum of 12 g/day. Decrease dosage in renal impairment. (See
B-Lactams Comparison Chart.) IM or IV for surgical prophylaxis 1 g 30-60
min before surgery. IM or IV for endocarditis prophylaxis 1 g within 30 min
before a dental or upper airway procedure.

Pediatric Dosage. IM or IV (<I month) 25 mg/kg/dose given q 8-12 hr; (>1
month) 50-100 mg/kg/day in 3 divided doses given q 8 hr, to a maximum of
6 g/day. IM or IV for endocarditis prophylaxis 25 mg/kg within 30 min before
a dental or upper airway procedure.

Dosage Forms. Inj 250, 500 mg, 1, 5, 10, 20 g.

Pharmacokinetics. Cefazolin is 75-85% plasma protein bound and widely dis-
tributed throughout the body, with high concentrations in many tissues and cavi-
ties but subtherapeutic concentrations in the CSF. Virtually 100% is excreted un-
changed in the urine via filtration and secretion; the half-life is about 1.8 hr,
increasing to 3040 hr in renal impairment.

Adverse Reactions. (See Cephalosporins.)

CEFEPIME HYDROCHLORIDE Maxipime

Pharmacology. Cefepime is a fourth-generation cephalosporin with a broader
spectrum of activity than other cephalosporins. Its activity is similar to that of cef-
tazidime against Gram-negative bacteria, including P. aeruginosa, but it is also
active against some isolates resistant to third-generation cephalosporins (eg, En-
terobacter sp.). Cefepime has greater potency against Gram-positive organisms
(eg, staphylococci) than ceftazidime and is similar in activity to ceftriaxone. Its
anaerobic activity is poor, particularly against Bacteroides fragilis.'®"'®
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Administration and Adult Dosage. IM or IV 500 mg-2 g q 12 hr; moderate to
severe infections are treated with IV 1-2 g q 12 hr. Higher dosages may be re-
quired in pseudomonal infections.

Special Populations. Pediatric Dosage. IM or IV for empiric therapy of febrile
neutropenia (2 months—16 yr) 50 mg/kg q 8 hr; IM or IV for pneumonia, un-
complicated UTI, skin and soft tissue infections (2 months-16 yr) 50 mg/kg q
12 hr.

Geriatric Dosage. Same as adult dosage, adjusting for age-related renal impair-
ment.

Other Conditions. In patients with Cl., of 30-60 mL/min, the usual dose is given q 24
hr; with a Cl; of 10-29 mL/min, 50% of the usual dose is given q 24 hr; and with a
Clr <10 mL/min, 25% of the dose (but no less than 250 mg) is given q 24 hr.

Dosage Forms. Inj 500 mg, 1,2 g.

Pharmacokinetics. Fate. After a 30-min IV infusion of 1 g, serum concentra-
tions of 79 mg/L are achieved. It is about 20% plasma protein bound. Cefepime
penetrates most tissues and fluids well; CSF concentrations are 3.3-6.7 mg/L after
50 mg/kg q 8 hr. About 85% of a dose is eliminated renally by glomerular filtra-
tion. Elderly patients have a slightly lower total clearance, which parallels Cl;.

ty 2.3 hr.

Adverse Reactions. The most common adverse reactions are injection-site reac-
tions, rash, positive direct Coombs’ test without hemolysis, decreased serum
phosphorus, increased hepatic enzymes, eosinophilia, and abnormal PT and PTT.
Encephalopathy has been reported in patients with renal impairment given unad-
justed dosages. (See Cephalosporins monograph.)

Contraindications. Previous immediate hypersensitivity reaction to any B-lactam.

Precautions. Adjust dosage in patients with impaired renal function. Use with
caution in patients with GI disease, especially colitis.

Parameters to Monitor. Obtain renal and hepatic function tests, and PT and PTT
periodically.

CEFOTAXIME SODIUM Claforan

Pharmacology. Cefotaxime is a third-generation cephalosporin with activity
against Gram-negative organisms resistant to first- and second-generation
cephalosporins (eg, indole-positive Proteus sp., Serratia spp.). Its desacetyl
metabolite (DACM) has good activity and might be synergistic with cefota-
xime against certain organisms. The activity of cefotaxime against P. aerugi-
nosa is inferior to ceftazidime and against Staphylococcus aureus is inferior to
cefazolin. Cefotaxime is more active than other cephalosporins (except ceftri-
axone) against Streptococcus pneumoniae that are intermediately resistant to
pCl’liCilliIl G.]52’153’155’156’l70

Adult Dosage. IM or IV 250 mg-2 g q 6-12 hr (usually 1-2 g q 8-12 hr), to a
maximum of 12 g/day. Reduce dosage by 50% in patients with a Cl, <20 mL/min.
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Pediatric Dosage. IV (newborns up to 1 week of age) 50 mg/kg q 12 hr; (new-
borns 1-4 weeks) 50 mg/kg q 8 hr; (older infants and children) 50-200 mg/kg/day
(200 mg/kg/day for meningitis) given in 3—4 divided doses q 6-8 hr.

Dosage Forms. Inj 500 mg, 1,2, 10 g.

Pharmacokinetics. CSF concentrations range from 0.3 to 0.44 mg/L after a 1 g
dose and in higher dosages cefotaxime is effective for treatment of meningitis.
About 50% of a dose is excreted unchanged in urine and 50% metabolized to
DACM. DACM is metabolized to inactive metabolites and excreted unchanged in
urine.

Adverse Reactions. Cefotaxime is well tolerated, with coagulopathies only rarely
reported. (See Cephalosporins.)

CEFOTETAN DISODIUM Cefotan

Pharmacology. Cefotetan is a cephamycin, structurally and pharmacologically
similar to the cephalosporins, particularly second-generation agents, and it con-
tains an N-methylthiotetrazole side chain. It has greater activity against enteric
Gram-negative bacteria than first- and second-generation cephalosporins and su-
perior activity against Bacteroides fragilis and other anaerobic bacteria (compara-
ble to cefoxitin and cefmetazole). Gram-positive activity is less than that of cefa-
Zolin.'SZ'“’"'(’z

Adult Dosage. IV or IM for treatment 500 mg—2 g q 12-24 hr (usually 1-2 g q
12 hr), to a maximum of 6 g/day; IV or IM for surgical prophylaxis 1-2 g 30-60
min before surgery, then 1-2 g q 12 hr for up to 24 hr postoperatively. Reconsti-
tute the drug with 0.5% lidocaine for IM administration because IM injection is
painful. Give usual dose q 24 hr with a Clg; of 10-30 mL/min, and q 48 hr in pa-
tients with a Cle; <10 mL/min.

Pediatric Dosage. Safety and efficacy not established. IV 40-60 mg/kg/day
given in equally divided doses q 12 hr.

Dosage Forms. Inj 1,2, 10 g.

Pharmacokinetics. Cefotetan is excreted primarily unchanged in urine, with an
elimination half-life of 3.5 hr.

Adverse Reactions. (See Cephalosporins.)

CEFTAZIDIME Ceptaz, Fortaz, Tazicef, Tazidime

Pharmacology. Ceftazidime is a third-generation cephalosporin with activity
generally similar to that of cefotaxime, but having superior activity against
P. aeruginosa and inferior activity against Gram-positive (particularly against
Staphylococcus aureus and penicillin-resistant pneumococci) and anaerobic bacte-

ria.152—156.170

Adult Dosage. IM or IV 500 mg-2 g q 8-12 hr; q 12-hr administration appears to
be adequate in the elderly. Reduce dosage by 50% with a Cl,; of 30-50 mL/min;
with a Cle of 15-30 mL/min, the maximum dosage is 1 g q 24 hr; with a Cl,
<15 mL/min, the dosage is 500 mg q 2448 hr.



134 ANTIMICROBIAL DRUGS

Pediatric Dosage. IV (newborns) 30 mg/kg q 12 hr; (older infants and children)
IM or IV 30-50 mg/kg q 8 hr, to a maximum of 6 g/day (225 mg/kg/day for treat-
ment of meningitis).

Dosage Forms. Inj 500 mg, 1, 2, 6, 10 g. Conventional formulations of cef-
tazidime release carbon dioxide during reconstitution; the lysine formulation (eg,
Ceptaz) avoids this problem.

Pharmacokinetics. Ceftazidime is less than 20% plasma protein bound and
80-90% excreted unchanged in urine by filtration, with a half-life of 1.6 hr, which
increases to 25-34 hr in renal failure.

Adverse Reactions. The drug is generally well tolerated. (See Cephalosporins.)

CEFUROXIME SODIUM Kefurox, Zinacef
CEFUROXIME AXETIL Ceftin

Pharmacology. Cefuroxime is a second-generation cephalosporin whose activity
is greater than cefazolin but less than cefotaxime, against Haemophilus influenzae,
including B-lactamase—producing strains. The activity of cefuroxime against
Staphylococcus aureus is slightly less than that of cefazolin. Its activity against
anaerobes is poor, similar to the first-generation cephalosporins.'¥136:163.171

Adult Dosage. IM or IV for treatment 750 mg-1.5 g q 8 hr (q 6 hr in serious in-
fections); IM or IV for prophylaxis 1.5 g 1 hr before surgery; doses of IM or IV
750 mg may be given q 8 hr for up to 24 hr postoperatively (1.5 g q 12 hr to a total
of 6 g for open heart surgery). Reduce parenteral dosage in renal impairment; with
a Cl; of 10-20 mL/min, give the usual dose q 12 hr; with a Cl.; <10 mL/min, give
the usual dose q 24 hr. PO 125-500 mg q 12 hr.

Pediatric Dosage. IM or IV (newborns) 10-25 mg/kg q 12 hr; (older infants and
children) 50-100 mg/kg/day, to a maximum of 250 mg/kg/day for meningitis in
3—4 divided doses. PO 15-20 mg/kg q 12 hr in children (40 mg/kg/day for otitis
media); it may be given in applesauce.

Dosage Forms. Inj 750 mg, 1.5, 7.5 g; Susp 25, 50 mg/mL; Tab 125, 250,
500 mg. Do not interchange the tablets and suspension on a mg/kg basis. (See
[-Lactams Comparison Chart.)

Pharmacokinetics. In adults, oral bioavailability appears to be lower with the
suspension than with the tablets, and food increases the bioavailability of the
tablets. After absorption of oral cefuroxime axetil, it is hydrolyzed in the blood-
stream to cefuroxime. Cefuroxime’s pharmacokinetics are similar to cefazolin’s,
but CSF concentrations are adequate for treatment of meningitis caused by certain
organisms; however, the third-generation agents ceftriaxone and cefotaxime are
superior in H. influenzae meningitis. Over 95% of the drug is excreted unchanged
in the urine and the elimination half-life is 1.2 hr.

Adverse Reactions. The drug is generally well tolerated. (See Cephalosporins.)

EXTENDED-SPECTRUM PENICILLINS

Pharmacology. The carboxypenicillin ticarcillin and the acylureidopenicillins
(mezlocillin and piperacillin) have the same mechanisms of action as other peni-
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cillins but are more active against enteric Gram-negative bacteria and Pseudo-
monas aeruginosa. Ticarcillin is not active against Klebsiella sp., but the acy-
lureido derivatives have activity and are generally more potent against susceptible
isolates. The acylureidopenicillins also have activity comparable to those of ampi-
cillin against enterococci. The combination of clavulanic acid plus ticarcillin is ac-
tive against Klebsiella sp. as well as [-lactamase—producing staphylococci,
Haemophilus influenzae, and Bacteroides sp. The combination of tazobactam plus
piperacillin is similar to clavulanic acid plus ticarcillin. These two combination
products are not appreciably more active against P. aeruginosa or Enterobacter
cloacae than ticarcillin or piperacillin alone,'#>-146:148.172-174

Adult Dosage. (See 3-Lactams Comparison Chart.)
Pediatric Dosage. (See B-Lactams Comparison Chart.)
Dosage Forms. (See B-Lactams Comparison Chart.)

Pharmacokinetics. Usual half-life is 1-1.5 hr, which is prolonged in anuria, al-
though acylureido derivatives are partially metabolized and accumulate to a lesser
extent. The acylureidopenicillins are also subject to capacity-limited elimination
(ie, increasing dosage results in progressive saturation of elimination pathways,
resulting in decreased clearance), which allows administration of higher doses at
6- to 8-hr intervals.

Adverse Reactions. Adverse effects are similar to those of other penicillins.
Sodium content of the usual daily dosage of parenteral ticarcillin approaches the
equivalent of 1 L of NS. Prolonged bleeding time can occur as a result of binding
to platelets and prevention of platelet aggregation.

IMIPENEM AND CILASTATIN SODIUM Primaxin

Pharmacology. Imipenem is a carbapenem with an extremely broad spectrum of
activity against many aerobic and anaerobic Gram-positive and Gram-negative
bacterial pathogens. The commercial preparation contains an equal amount of
cilastatin, a renal dehydropeptidase inhibitor that has no antimicrobial activity but
prevents imipenem’s metabolism by proximal tubular kidney cells, thus increasing
urinary imipenem concentrations and possibly decreasing nephrotoxicity.'>!74173
(See Notes.)

Administration and Adult Dosage. IV 1-4 g/day in 3 or 4 divided doses (usually
500 mg q 6-8 hr). For severe, life-threatening infections, a dose of 1 g q 6 hr is
recommended (not to exceed 50 mg/kg/day or 4 g/day, whichever is less).!™ Infuse
250-500 mg doses over 20-30 min and 1 g doses over 40-60 min; reduce infusion
rate if nausea and/or vomiting develops. IM 500-750 mg q 12 hr.

Special Populations. Pediatric Dosage. (<1 week) 25 mg/kg q 12 hr; (1-4 weeks)
25 mg/kg q 8 hr; (4 weeks—3 months) 25 mg/kg q 6 hr; (3 months—3 yr) 25 mg/kg
q 6 hr; (>3 yr) 15 mg/kg q 6 hr.'7417

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Reduce dosage with renal insufficiency as follows: Clg
30-70 mL/min, give 75% of the usual dosage; Cle; 20-30 mL/min, give 50% of
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the usual dosage; Clr <20 mL/min, give 25% of the usual dosage. Give a supple-
mental dose after hemodialysis.'™

Dosage Forms. Inj (IV) 250 mg imipenem/250 mg cilastatin, 500 mg
imipenem/500 mg cilastatin; Inj (Susp, IM only) 500 mg imipenem/500 mg
cilastatin, 750 mg imipenem/750 mg cilastatin. (See Notes.)

Pharmacokinetics. Fafe. Peak serum imipenem concentrations are 21-58 mg/L
after a 30-min infusion of 500 mg and 1-84 mg/L after a 30-min infusion of 1 g;
levels are <1 mg/L at 6 hr. CSF levels are 0.5-11 mg/L with inflamed meninges
and appear to be adequate to treat meningitis, but experience in treating meningitis
is limited and seizures can occur in such patients. Imipenem is 20% plasma pro-
tein bound; Vg is 0.26 L/kg. Probenecid increases imipenem serum levels and pro-
longs its half-life. About 70% of imipenem is excreted unchanged in urine when
given with cilastatin, with the remainder excreted as metabolite; cilastatin is ex-
creted 90% unchanged in urine.!™!7

ty. (Imipenem) 0.9 + 0.1 hr; 34 hr in renal failure; (cilastatin) 0.8 + 0.1 hr; 17 hr
in renal failure.!"*!"?

Adverse Reactions. Nausea and vomiting occur in 1-2% of patients, sometimes
associated with hypotension or diaphoresis, particularly with high doses and rapid
infusion.!’+!7> Rashes occur occasionally, and cross-allergenicity with penicillins
has been documented. Convulsions have occurred, primarily in the elderly, in
those with underlying CNS disease, with overdosage in patients with renal failure,
or with other predisposing factors, 74175177178

Precautions. Use with caution in elderly patients or those with a history of
seizures or who are otherwise predisposed. Adjust dosage carefully in renal im-
pairment. Imipenem can cause immediate hypersensitivity reactions in patients
with a history of anaphylaxis to penicillin.'”®

Drug Interactions. Concomitant administration with probenecid produces higher
and prolonged serum concentrations of imipenem and cilastatin. Imipenem has
been shown in vitro to antagonize the activity of other 3-lactams (eg, acylureido-
penicillins, most cephalosporins) presumably via 3-lactamase induction; although
the clinical relevance is unclear, avoid co-administration.'” Co-administration of
imipenem/cilastatin with ganciclovir has been associated with generalized
seizures in a few patients; the mechanism of this interaction is unknown.

Parameters to Monitor. Obtain renal function tests periodically.

Notes. Used alone, emergence of resistance during treatment of Pseudomonas
aeruginosa infections occurs frequently; however, cross-resistance to other
classes (eg, aminoglycosides, cephalosporins) does not occur.'#!7> Addition of an
aminoglycoside might prevent development of resistance, but in vitro synergism
occurs only infrequently.

Vials may be reconstituted into a suspension using 10 mL of the infusion so-
lution and then diluted further by transferring the suspension into the infusion
container; alternatively, the powder in the 120-mL vials can be diluted initially
with 100 mL of solution. The initial dilution must be shaken well to ensure sus-
pension/solution. Do not inject the suspension. The resulting solution ranges from
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colorless to yellow. Reconstituted solutions are stable in dextrose-containing solu-
tions for 4 hr at room temperature and 24 hr under refrigeration, and in normal
saline for 10 hr at room temperature and 48 hr under refrigeration. With IM ad-
ministration use 2 mL of lidocaine 1% injection to reconstitute a 500 mg vial and
give the suspension by deep IM injection into a large muscle mass (eg, gluteal
muscle).'”

MEROPENEM Merrem

Pharmacology. Meropenem is a carbapenem with a mechanism of action similar
to that of imipenem. Unlike imipenem, meropenem is not appreciably degraded by
renal dehydropeptidase-I and thus does not require concomitant administration of
a dehydropeptidase inhibitor.!”>17*180 (See Notes.)

Administration and Adult Dosage. IV for less severe infections 500 mg-1 g q
8-12 hr; IV for severe or life-threatening infections (eg, meningitis) 2 g q 8 hr.

Special Populations. Pediatric Dosage. IV (<3 months) safety and efficacy not
established, but 20 mg/kg q 12 hr has been used; (3 months—12 yr) 10-20 mg/kg q
8 hr; in meningitis 40 mg/kg q 8 hr has been used.'™

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Reduce dosage in renal impairment. With a Cl, of 26—
50 mL/min, give the normal dose q 12 hr; with Cl, of 11-25 mL/min, the dosage
is reduced by 50%; with Cle; <10 mL/min, give one-half the dose once daily.'”*!8!

Dosage Forms. Inj 500 mg, 1 g.

Pharmacokinetics. Fate. The pharmacokinetics of meropenem are similar to
those of imipenem, although meropenem can be given by IV infusion and
bolus.'”7!7° After IV infusion of 1 g, the peak serum concentration is 39-68 mg/L;
the drug distributes well into most tissues and fluids, including the CSF. Plasma
protein binding is low and the Vg is 0.32 + 0.03 L/kg. Meropenem is primarily
eliminated renally by glomerular filtration and tubular secretion. Up to 70% of a
dose is recovered unchanged in the urine, with a renal metabolite accounting for
the remainder of the dose (up to 30%). Meropenem is appreciably removed by he-
modialysis, and a supplemental dose is required after dialysis. Children have phar-
macokinetics similar to adults; increased clearance and reduced half-life occur in
cystic fibrosis.'!

ty. 0.9 £ 0.09 hr, increasing to 6.8-13.7 hr in end-stage renal disease. '8!

Adverse Reactions. Adverse effects are similar to imipenem; the most common
are injection-site reactions, rash, nausea, vomiting, and diarrhea.'”!” Animal
studies suggest that meropenem has a lower epileptogenic potential, which has
been supported by a low frequency of seizures in clinical trials, including studies
in patients with meningitis.!”

Precautions. Use with caution in patients with hypersensitivity to penicillins be-
cause meropenem can cause immediate hypersensitivity reactions in patients aller-
gic to penicillins.'’® Adjust dosage in renal impairment.
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Drug Interactions. Probenecid can reduce renal clearance of meropenem and in-
crease its half-life by 38% and AUC by 56%; avoid the combination.

Parameters to Monitor. Obtain renal function tests periodically.

Notes. Meropenem is more active than imipenem against enteric Gram-negative
bacilli; the two have equivalent activity against Pseudomonas aeruginosa and
Bacteroides fragilis, and meropenem is slightly less active than imipenem against
Gram-positive organisms.'™!"

PENICILLIN G AND V SALTS Various

Pharmacology. Penicillins G and V have activity against most Gram-positive or-
ganisms and some Gram-negative organisms, notably Neisseria sp, by interfering
with late stages of bacterial cell wall synthesis; resistance is caused primarily by
bacterial elaboration of {-lactamases; some organisms have altered penicillin-
binding protein targets (eg, enterococci and pneumococci); others have imperme-
able outer cell wall layers.'+14¢

Administration and Adult Dosage. PO (penicillin V) 125-500 mg q 6-8 hr for
mild to moderate infections. IV (penicillin G) 2-5 million units q 4-6 hr to a max-
imum of 24 million units/day, depending on infection. IM not recommended (very
painful); use benzathine or procaine penicillin G as indicated.

Special Populations. Pediatric Dosage. PO (penicillin V) (<12 yr) 15—
50 mg/kg/day in 3—4 divided doses; (>12 yr) same as adult dosage. IV (prefer-
ably) or IM (penicillin G) (<1 month) 25,000-50,000 units/kg q 6-12 hr; up to
400,000 units/kg/day has been used in meningitis; (>1 month) 100,000-300,000
units/kg/day in 4-6 divided doses.

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. With the usual oral dosage, no dosage adjustment is required in
patients with impaired renal function; however, in treating more severe infections
with larger IV dosages, careful adjustment is necessary.'$?

Dosage Forms. (Penicillin G) Inj (as potassium salt) 1, 5, 10, 20 million units;
Inj 1, 2, 3 million units/S0 mL (frozen); Inj (as sodium salt) 5 million units.
(Penicillin V) Susp 25, 50 mg/mL; Tab 125, 250, 500 mg (250 mg = 400,000
units).

Patient Instructions. Take this (oral) drug with a full glass of water on an empty
stomach (1 hour before or 2 hours after meals) for best absorption; refrigerate so-
lution.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 4-6 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. (Penicillin G) A peak of 20 mg/L is achieved with a
dose of 12 million units IV. Widely distributed in body tissues, fluids, and cavi-
ties, with biliary levels up to 10 times serum levels; 45-68% plasma protein
bound. Penetration into CSF is poor, even with inflamed meninges; however,
large parenteral dosages (>20 million units/day) adequately treat meningitis
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caused by susceptible organisms. (Penicillin V) Oral absorption is 60-73%, with a
peak concentration of 5-6 mg/L after a 500 mg oral dose. It is about 80% plasma
protein bound and has poor CNS penetration. For both drugs, 80-85% of the ab-
sorbed dose is excreted unchanged in the urine. #3146

ty. (Penicillins G and V) 3040 min; 7-10 hr in patients with renal failure; 20-30
hr in patients with hepatic and renal failure.'$?

Adverse Reactions. Occasionally, nausea or diarrhea occurs after usual oral
doses. As with all penicillins, CNS toxicity can occur with massive IV dosages
(penicillin G 60-100 million units/day) or excessive dosage in patients with im-
paired renal function (usually >10-20 million units/day of penicillin G in anuric
patients); characterized by confusion, drowsiness, and myoclonus, which can
progress to convulsions and result in death. Large dosages of the sodium salt form
can result in hypernatremia and fluid overload with pulmonary edema, especially
in patients with impaired renal function or CHF. Large dosages of the potassium
salt form can result in hyperkalemia, especially in patients with impaired renal
function and with rapid infusions. Occasional positive Coombs’ reactions with
rare hemolytic anemia have been reported after large IV doses. Interstitial nephri-
tis has been rarely reported after large IV dosages. Hypersensitivity reactions (pri-
marily rashes) occur in 1-10% of patients. Most serious hypersensitivity reactions
follow injection rather than oral administration.'*>"8

Contraindications. History of anaphylactic, accelerated (eg, hives), or serum
sickness reaction to previous penicillin administration. (See Notes.)

Precautions. Use caution in patients with a history of penicillin or cephalosporin
hypersensitivity reactions, atopic predisposition (eg, asthma), impaired renal func-
tion (hence neonates and geriatric patients), impaired cardiac function, or pre-
existing seizure disorder.

Drug Interactions. Physically and/or chemically incompatible with aminoglyco-
sides leading to drug inactivation; never mix them together in the same IV solu-
tion or syringe. Probenecid competes with penicillin for renal excretion, resulting
in higher and prolonged serum concentrations.'*>-46

Parameters to Monitor. Obtain renal function tests initially when using high
dosages. During prolonged high-dose therapy, monitor renal function tests and
serum electrolytes periodically.

Notes. Skin testing with penicilloylpolylysine (PPL, Pre-Pen) and minor deter-
minant mixture (MDM) can help determine the likelihood of serious reactions to
penicillin in penicillin-allergic individuals."*>!33 Availability of MDM is limited;
it is locally available in small amounts only at larger medical centers. Desensitiza-
tion is recommended in pregnant women with syphilis and may be attempted
(rarely) in patients with life-threatening infections that are likely to be responsive
only to penicillin, but this is a dangerous procedure and many alternative antibi-
otics are available.'® (See also B-Lactams Comparison Chart.)
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{3-LACTAMS COMPARISON CHART

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS
CARBAPENEMS
Imipenem Inj (IV) 250 plus IV 1-4 g/day (1-2 o/ (<3 months) See Cler 31-70 mL/min: 21-58 20 Very broad activity
and Cila- 250 mg, 500 plus day preferred) in monograph; 75% of usual (IV 500 mg against most aero-
statin 500 mg; (IM) 500 3 or 4 divided IV (3 mo-3 yr) dosage; imipenem) bic and anaerobic
Sodium plus 500 mg, doses; 25 mg/kg q 6 hr; Cler <20-30 mL/min: bacteria. Frequent
Primaxin 750 plus 750 mg. IM 500-750 mg (>3yr) 15 mg/kg 50% of usual nausea and dose-
q12hr. q6hr. dosage; related seizure
Cler <20 mL/min: potential.
25% of usual
dosage.
Meropenem Inj 500 mg, 1 g. V500 mg-1gq 8- (<3 months) See Cler 26-50 mL/min: 55 2 Less active than imi-
Merrem 12hr;2gq8hr monograph; usual dose penem against
in life-threatening IV (3 mo—12yr) gl2hr; Gm+ and more
infections. 10-20 mg/kg Cler 11-25 mL/min: active against most
q 8 hr; 40 mg/ 50% of usual dose Gm- bacteria; equi-
kgq8hrin q12hr, valent against P. aeru-
meningitis. Cler <10 mL/min: ginosa and B. fragilis.
50% of usual dose Less seizure potential
q24hr. than imipenem.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

CEPHALOSPORINS, FIRST-GENERATION

Cefadroxil Cap 500 mg PO 1-2 g/day in PO 30 mg/kg/day PO 1 g, then 500 12-16 20 Spectrum similar to
Duricef Susp 25, 50, 1 or 2 divided doses; in 1 or 2 divided mg at intervals cefazolin.

Various 100 mg/mL PO for endocarditis doses; below:
Tab1g. prophylaxis 2 g PO for endo- Cley 26-50 mL/min:
1 hr prior to den- carditis 12 hr;
tal procedure. prophylaxis Cler 10-25 mL/min:
50 mg/kg 1 hr 24 hr;
prior to dental Cler <10 mL/min:
procedure. 36 hr.

Cefazolin Inj 250, 500 mg, IM or IV 250 mg— IMor IV (neo- Cler 10-30 mL/min: 185 75-85 Good Gm+ coverage
Sodium 1,5,10,20¢. 2.9q6-12 hr; (usu- nates <1 month) 50% of usual dose (including S. aureus),
Ancef allyg8hn),toa 25 mg/kg q 8-12 hr; q12hr plus some
Kefzol maximum of 12 (infants >1 month) Cler <10 mL/min: Gm-— activity (E. coli,
Various g/day. IM or IV for 50-100 mg/kg/day 50% of usual dose Klebsiella spp.).

surgical prophylaxis
19 30—60 min prior to
surgery;

IM or IV for endocar-
ditis prophylaxis 1 g
within 30 min prior to

upper airway procedure.

in 3 divided doses
to a maximum of

6 g/day.

IM or IV for endocar-
ditis prophylaxis

25 mg/kg within

30 min of procedure.

q 24 hr.

Sodium = 2 mEg/g

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

Cephalexin Cap 250, 500 mg PO 250 mg-1gq PO 25-50 mg/kg/day ~ Clr 10-50 mL/min: 18-38 6 Oral absorption is
Keflex Drp 100 mg/mL 6 hr; to a maximum in divided doses q 50% of usual almost complete;
Keftab Susp 25, of 4 g/day. 6 hr; severe infec- dosage; spectrum similar to
Various 50 mg/mL PO for endocardi- tions may require Cler <10 mL/min; cefazolin.

Tab 250, 500 tis prophylaxis 50-100 mg/kg/day, 25% of usual
mg, 1g. 291 hrprior to to @ maximum of dosage.
dental procedure. 3 g/day.

PO for endocardi-

tis prophylaxis

50 mg/kg 1 hr

prior to dental

procedure.

Cephapirin Inj1g. IM or IV 500 mg—1 IMor IV (<3 months) Cler 10-50 mL/min; 10-20 45-50 Spectrum similar to
Sodium g q 4-6 hr, to a maxi- not well studied; usual dose q 6-8 hr cefazolin. Sodium =
Cefadyl mum of 12 g/day. (children) 40— Cler <10 mL/min: 1.2 mEg/g.
Various 80 mg/kg/day in usual dose q 12 hr.

divided doses q 6 hr.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)° BOUND COMMENTS
Cephradine Cap 250, 500 mg PO 250 mg-1gq PO same as PO same as 10-20 (PO) 10-20 Oral form compara-
Velosef Susp 25, 50 6 hr to a maximum- cephalexin. cephalexin. ble to cephalexin;
Various mg/mL of 4 g/day. spectrum similar to
cefazolin.
CEPHALOSPORINS, SECOND-GENERATION
Cefaclor Cap 250, PO 250-500 mg PO 20-40 mg/kg/ Cler 10-50 mL/min: 10 25 Spectrum similar to
Ceclor 500 mg q8hr day in divided 50% of usual dosage; cefazolin, but
Various SR Tab 375, SR Tab 375-500 doses g 8 hr to Cler <10 mL/min: includes some
500 mg mgq12hr. a maximum of 25% of usual dosage. ampcillin-resistant
Susp 25, 37.5, 2 g/day. H. influenzae.
50, 75 mg/mL.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

Cefaman- nj1,2,g. IMor IV IMor IV 50— Cler 10-50 mL/min: 80-90 56 NMTT side chain.
dole 500 mg-1g¢ 150 mg/kg/ 50% of usual dose Spectrum similar to
Nafate q4-8 hr.; life day in divided q8hr, cefuroxime. Sodium
Mandol threatening infec- doses q 4-8 hr. Cler <10 mL/min: = 3.3 mEq/g.

tions may require 25% of usual dose
29q4hr. q12hr.

Cefonicid Inj1g. IMor IV 500 Not established. IMor IV 7.5 mg/kg, 220 83-98° Poor activity against
Sodium mg-2 g/day then 25-50% of (IV bolus) Staphylococcus spp.
Monocid as asingle usual dose given: Unbound drug levels

dose. Cler 10-50 mL/min: low and excreted
q24-48 hr; rapidly because of sat-
Cler <10 mL/min; urable protein binding.
q 3-5 days. Sodium = 3.7 mEqg/g.

Cefotetan nj1,2,10g. IMor IV 500 mg— Not established. IMor IV give usual 140-180 78-91¢ NMTT side chain.
Disodium 29q12-24hr. dose at intervals (IV bolus) Spectrum similar to
Cefotan below: cefoxitin. Sodium

Cler 10-30 mL/min:

24 hr;
Cler <10 mL/min:
48 hr.

= 3.5 mEq/g. Re-

constitute IM with

0.5% lidocaine.
(continued)
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{3-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)° BOUND COMMENTS
Cefoxitin Inj1,2,10q. IV1-2gq6-8hr. IV 80-160 mg/ Cler 10-50 mL/min: 110 75 Gm-+ activity less
Sodium kg/day in 50% of usual dose than cefazolin, but
Mefoxin divided doses q6-8hr; better Gm— and
q4-6 hr. Cler <10 mL/min: anaerobic activity.
25% of usual dose Sodium = 2.3
q12hr. mEa/g.
Cefprozil Tab 250, 500 mg PO 500 mg daily— PO (6 mo-12 Cler <30 mL/min: 10.5 36 Spectrum similar to cef-
Cefzl Susp 25, 50 bid. yr) 15 mg/kg 50% of usual dose aclor, but more active
mg/mL. q12hr. at same interval. against H. influenzae.
Cefuroxime Inj 750 mg, IMor IV 750 mg— IMor IV (neonates) IMor IV: 100 33-50 Gm-+ activity similar
Sodium 15,754¢. 1.59q6-8hr, 10-25 mg/kg q 12 Cler 10-20 mL/min: (V1.59) to cefazolin, but better
Kefurox to a maximum hr; (children) 50-100 usual dose g 12 hr; Gm-— activity, including
Zinacef of 6 g/day. mag/kg/day in divided Cler <10 mL/min: usual H. influenzae. Sodium
doses q 6-8 hr. dose q 24 hr. = 2.4 mEq/g
Cefuroxime Susp 25, 50 PO 125-500 mg PO 15-40 mg/kg/ — 3.6 (PO) 33-50 Do not interchange
Axetil mg/mL Tab q12hr. day in divided suspension and
Ceftin 125, 250, 500 mg. doses q 12 hr. tablets.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT® (MG/L)® BOUND COMMENTS
Loracarbef Cap 200, 400 mg PO 200-400 mg q PO (6 mo—12yr) Cler 10-49 mL/min: 6.8 25 Carbacephem analogue
Lorabid Susp 20, 40 12-24 hr. 7.5-15mg 50% of usual (PO 200 of cefaclor with similar
mg/mL. q12hr. dosage; mg) spectrum; must be
Cler <10 mL/min: taken on an empty
usual dose q 3-5 days. stomach.
CEPHALOSPORINS, THIRD-GENERATION
Cefdinir Cap 300 mg PO 600 mg/day in PO 14 mg/kg/day Cler <30 mL/min: 2.9 60-70 Spectrum similar to
Omnicef Susp 25 mg/mL. 1 or 2 doses. in 1 or 2 doses. 300 mg/day. (PO 600 mg) cefixime, but better
Gm-+ activity
Cefditoren Tab 200 mg. PO 200q 12 hr. PO (<12 yr) not Cler <50 mL/min: 2.6 88 Spectrum similar to
Spectracef established. reduce dosage. (PO 200 mg) cefdinir and cefpodoxime
but more active.
Cefixime Tab 200, 400 mg PO 400 mg/day PO 8 mg/kg/day Cler 20-60 mL/min: 49 70 More active than
Suprax Susp 20 mg/mL. in 1 or 2 doses. in 1 or 2 divided 75% of usual cefuroxime or cefaclor
PO for gonorrhea doses. dosage; against H. influenzae,

Cler <20 mL/min: 50%
of usual dosage.

400 mg once.

but less Gm-+ activity.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)° BOUND COMMENTS
Cefopera- Inj1,2,10g. IMor IV 2-8 g/day IMor IV (neonates) No change. 125 85-95° Less active than cefta-
zone in divided doses 50 mg/kg/dose zidime against P.
Sodium q12hr. q 12 hr; (children) aeruginosa. NMTT
Cefobid 50-75 mg/kg side chain. Sodium
Various q8-12hr. =1.5 mEq/g.
Cefotaxime Inj 500 mg, Morlvi-2gq IMor IV (neonates Cler 10-50 mL/ 40-100 37 Good Gm+ and Gm-
Sodium 1,2,10¢. 8-12 hr; life- <1 week) 50 mg/kg min: usual dose activity except for
Claforan threatening infec- q 12 hr; (neonates q8-12hr; P. aeruginosa;
tions may require 1-4 weeks) 50 mg/kg <10 mL/min usual modest anti-anaerobic
29q6hr q8hr dose q 24 hr. activity. Sodium =
(infants >4 weeks) 2.2 mEg/g.
50-200 (200 in
meningitis) mg/
kg/day in divided
doses q 46 hr.
Desacetylcefo- — — — 1-65 Active metabolite of
taxime cefotaxime.
(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

Cefpodoxime Tab 100, 200 mg PO 100-400 mg q PO 5 mg/kg Cler <30 mL/min: 2.9 18-30 Spectrum similar to
Proxetil Susp 10, 20 12 hr; q12hr. usual dose given (PO 200 mg) cefixime, but better
Vantin mg/mL. PO for gonorrhea q 24 hr. Gm+ activity.

200 mg once.

Ceftazidime Inj 500 mg, IMor IV 500 mg— IMor IV (<1 month) Cler 30-50 mL/min: 70-90 17 Best activity against
Ceptaz 1,2,64. 2gq8-12hr. 30 mg/kg/dose 50% of usual dose P. aeruginosa; poor
Fortaz q12hr; q12-24hr; Gm+ activity. Sodium =
Tazicef (>1 month) Cler 15-30 mL/min: 2.3 mEa/g.
Tazidime 30-50 mg/kg/dose 1gq24hr,

q8hr. Cler <15 mL/min:
500 mg q 24-48 hr.

Ceftibuten Cap 400 mg PO 400 mgq PO 9 mg/kg/day Cler 30-49 mL/min: 1 60-77 Spectrum similar to
Cedax Susp 18, 36 24 hr. in 1 dose. 4.5 mg/kg or 200 (PO 200 mg) cefixime.

mg/mL. mg q 24 hr;
Cler <30 mL/min:
2.25 mg/kg or 100
mg q 24 hr.

(continued)
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ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L) BOUND COMMENTS
Ceftizoxime Inj 500 mg, IMorliVi-2gq IM or IV (>6 months) Cler 10-50 mL/min: 60-87 31 Spectrum similar to
Sodium 1,2,104¢. 8-12 hr; life-threat- 50 mg/kg/dose 50% of usual dose cefotaxime except
Cefizox ening infections may q6-8 hr. q12-24 hr, slightly more active
require upto 4 g Cler <10 mL/min: against anaerobes.
q8hr. 25-50% of usual Sodium = 2.6
dose q 24-48 hr. mEq/g.
Ceftriaxone Inj 250, 500 mg, IMor IV 1-2 g/day IM or IV 50-100 No change. 151 83-96° Spectrum similar to
Disodium 1,2,104¢. as a single dose; (100 in menin- (See Comments.) cefotaxime. Re-
Rocephin IV for meningitis gitis) mg/kg/day duce dose with
29q12hr in 2 divided concurrent renal
IM for gonorrhea doses. and hepatic dys-
250 mg once. function. Sodium =

671

3.6 mEa/g.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)° BOUND COMMENTS
CEPHALOSPORINS, FOURTH-GENERATION
Cefepime Inj 500 mg, 1,2 g. IMor IV 500 mg—2 IMor IV (2 months— Cler 3060 mL/min: 79 16-19 Spectrum similar to
Maxipime gql2hr;2gq8hr 16 yr) febrile neu- usual dose q 24 hr; ceftazidime; more
may be required tropenia 50 mg/kg Cler 10-29 mL/min: active against Gm+
for pseudomonal - q 8 hr; other 50% of usual dose organisms; also ac-
infections and infections 50 mg/kg q24hr, tive against resistant
febrile neutropenia. gi2hr. Cler <10 mL/min: Enterobacter spp.
25% of usual dose
q 24 hr.
MONOBACTAM
Aztreonam Inj 500 mg, 1, 2 g. IMorlvV0.5-2gq Safety and efficacy Cler 10-30 mL/min: 164 60 Spectrum similar to
Azactam 6-12hr. not established. 50% of usual ceftazidime against

IV 30 mg/kg q 6-8 dosage;

hr (50 mg/kg q 6-8 Cler <10 mL/min:
hrin cystic fibrosis, 25% of usual

to a maximum of dosage.

200 mg/kg/day).

aerobic Gm- organ-
isms only. No
cross-allergenicity
in penicillin-
allergic patients.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L) BOUND COMMENTS
PENICILLIN G AND V
Penicillin G Inj1,5,10, 20 IV 2-5 million units IV (neonates) Cler 10-50 mL/min: 1.5-2.7 60 Gm-+ (except most
Potassium million units q4-6 hr. 25,000— 75% of dosage; (IV500 mg) Staphylococcus
Various Inj 1, 2, 3 mil- 50,000 units/kg Cler <10 mL/min: strains), some Gm—
lion units/50 mL q6-12 25-50% of dosage. (Neisseria spp.),
(frozen). hr; (>1 month) and anaerobes (except
100,000— B. fragilis).
300,000 units/ Poor oral absorp-
kg/day in divided tion. Potassium =
doses q 4-6 hr. 1.7 mEqg/ million units.
Penicillin G Inj 300,000, IM for Strep. pharyn- IM for Strep. No change. 0.063 60 Use limited to syphilis
Benzathine 600,000, 1.2 gitis 1.2 million pharyngitis (IM 600,000 and Strep.
Various million units/mL. units once; (<27 kg) units) pharyngitis. For IM
IM for syphilis 300,000— use only.
(early) 2.4 million 600,000 units
units once; (late) once; (>27 kg)
2.4 million units/ 900,000 units
week for 3 weeks. once.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT® (MG/L)° BOUND COMMENTS

Penicillin G Inj 300,000, IM 600,000-2.4 mil- IM (neonates) No change. 0.9 60 For IM use only.
Procaine 600,000 units/mL. lion units g 12— 50,000 units/ (IM 300,000
Various 24 hr (0.6-4.8 kg/day in 1-2 units)

million units/day divided doses;
divided q 12—24 hr). (>27 kg) 900,000
units once daily.

Penicillin V Tab 125, 250, PO 125-500 mg q PO 15-50 mg/ No change. 3-8 78 Spectrum similar to
Potassium 500 mg 6-8 hr. kg/day in 3—4 penicillin G. About
Pen Vee K Susp 25, 50 divided doses. 60% absorbed; pre-
Veetids mg/mL. ferred oral form of
Various penicillin.

ANTISTAPHYLOCOCCAL PENICILLINS

Cloxacillin Cap 250, 500 mg PO 250-500 PO (<20 kg) No change. 7-18 94 Used primarily for
Sodium Susp 25 mg/mL. mgq 6 hr. 50-100 mg/kg/ S. aureus infections.
Cloxapen day in divided Suspension may be
Tegopen doses q 6 hr; better tolerated
Various (>20 kg) same than dicloxacillin.

as adult dosage.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT®? (MG/L)® BOUND COMMENTS
Dicloxacillin Cap 125, 250, PO 125-500 mg q PO 12.5-25 mg/ No change. 7-18 98 Comparable to cloxa-
Sodium 500 mg 6 hr. kg/day in divided cillin.
Dynapen Susp 12.5 mg/mL. doses q 6 hr.
Pathacill
Various
Nafcillin Cap 250 mg V500 mg-2g IV (neonates No change. 3.4 (PO) 89 Comparable to oxa-
Sodium Inj 500 mg, q4-6 hr; <7 days) 40-57 (Iv) cillin. Reversible
Unipen 1,2,4,10q. PO 250 mg-1g 25mg/kg q neutropenia may be
q4-6 hr. 8-12 hr; more common with
(neonates >7 nafcillin. Poorly
days) 25 mg/ absorbed orally;
kg q 6-8 hr. cloxacillin or

dicloxacillin preferred.
IV sodium = 2.9 mEq/g.

(continued)
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B-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)° BOUND COMMENTS
Oxacillin Cap 250, 500 mg V250 mg-2 g IV (<14 days) No change. 2.5 (PO) 92 Poorly absorbed
Sodium Susp 50 mg/mL q4-6 hr. 25 mg/kg q 8-12 hr; 40 (V) orally; cloxacillin
Bactocill Inj 250, 500 mg, PO 500 mg-1 g (1530 days) or dicloxacillin
Prostaphlin 1,2,4,109. q 6 hr, but not rec- 25 mg/kg q 6 hr; preferred. Rare he-
ommended. (children) same as patic toxicity. IV
adult dosage. sodium = 2.9
PO 50-100 mg/kg/ mEq/g.
day in 4-6 divided
doses.
AMPICILLIN DERIVATIVES
Amoxicillin Cap 250, 500 mg PO 250-500 mg tid, PO 20-40 mg/ Cler 10-30 mL/min: 9 20 Spectrum similar to
Amoxil Chew Tab 125, 200,  or 500-875 mg bid, kg/day in 3 250-500 mg bid; ampicillin, but better
Various 250, 400 mg to @ maximum of divided doses; Cler <10 mL/min: bioavailability (85%)
Drp 50 mg/mL 4.5 g/day; PO for endocar- 250-500 mg q 24 hr. and less diarrhea.
Susp 25, 50 PO for endocarditis ditis prophylaxis
mg/mL prophylaxis 2 g 50 mg/kg 1 hr
Tab 500, 1 hr before proce- before procedure.
875 mg. dure.

(continued)
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ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS
Ampicillin Cap 250, 500 mg PO 250-500 mg qid; PO (<20 kg) 50-100 Cler <20 mL/min: 4 (PO) 22 About 50% oral bio-
Sodium Susp 25, 50, mg/mL IMor IV 500 mg-3 g mg/kg/day in 2—4 same dose q 12 hr. 58 (IV) availability; Gl side
Various Inj 125, 250, q 4-6 hr, to a maxi- divided doses; effects and rashes are
500mg, 1,2,10g. mum of 12 g/day. PO or IV (>20 kg) frequent.
100-400 mg/kg/ IV sodium = 3 mEq/g.
day in divided doses
q4-6 hr.
EXTENDED-SPECTRUM PENICILLINS
Mezlocillin nj1,2, 3,4, IV3-4gq4-6hr. IV (<7 days) Cler 10-30 mL/min: 263 35 Spectrum similar to
Sodium 20g. 50-100 mg/kg q 12 3gq8hr (V4q) ticarcillin, but better
Mezlin hr; (neonates >7 days)  Clor <10 mL/min: enterococcal coverage.
50-100 mg/kg q 2gq8hr. Least active drug

6-8 hr; (children)
300 mg/kg/ day in
divided doses q
4-6 hr to a maxi-
mum of 24 g/day.

in this class against
P. aeruginosa. Sodium
=1.85 mEq/g.

(continued)
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ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

Piperacillin Inj 2,34, IV'3-4 g q 4-6 hr, Not well estab- Cler 2040 mL/min: 244 15-20 Best activity against
Sodium 40 g. to @ maximum of lished. IV (neo- 3-49q8hr (V4 q) P. aeruginosa. So-
Pipracil 24 g/day nates) 100 mg/kg Cler <20 mU/min: dium = 1.85 mEq/g.

q12hr 3-4gq12hr.
(children) 200-300

(350-500 in

cystic fibrosis)

mg/kg/day in di-

vided doses q 4-6 hr.

Ticarcillin Inj1,3,6, IV2-4 g q 4-6 hr, IV (neonates <7 days Cler 3060 mL/min: 260 50-60 Less active than
Disodium 20, 30 g. to @ maximum of and <2 kg) 75 mg/ 29q4hr (V3g) piperacillin against
Ticar 24 g/day. kg g 12 hr; (neonates Cler 10-30 mL/min: P. aeruginosa; no

>7 days and <2 kg 29q8hr activity against

or <7 daysand >2 kg)  Cler <10 mL/min: Klebsiella spp.
75mg/kg q 8 hr; 2gqi2hr More antiplatelet
(neonates >7 days effect than mezlo-
and >2 kg) 75mg/kg cillin or piperacil-

q 6 hr; (children) 200—
300 mg/kg/day in di-
vided doses q 6-8 hr.

lin. Sodium = 5.2—
6.5 mEq/g.

(continued)
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{3-LACTAMS COMPARISON CHART (continued)

ADULT PEAK
DOSAGE SERUM PERCENTAGE
DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L) BOUND COMMENTS
PENICILLIN AND B-LACTAMASE INHIBITOR COMBINATIONS
Amoxicillin Chew Tab 125 mg amoxicillin PO “250” or PO 20-40 mg/ Cler 10-30 mL/min: 9 20 Active against ampi-
and Clavu- plus 31.25 mg clavulanate, “500” tablet kg/day (of 250-500 mg bid (PO 500 (amoxicillin) cillin-resistant S.
anate 200 mg amoxicillin plus 28.5 q8hror“875” amoxicillin) Cler <10 mL/min mg amox- 22 aureus, B. fragilis,
Potassium mg clavulanate, 250 mg tablet q 12 hr. in 3 divided 250-500 mg icillin) (clavulanate) and B-lactamase—
Augmentin amoxicillin plus 62.5 mg doses or 45 q24hr. 2.6 producing Entero-
clavulanate, 400 mg amoxicil- mg/kg/day (PO 125 bacteriacae. More
lin plus 57 mg clavulanate; in 2 divided mg clavu- diarrhea than with
Susp 25 mg amoxicillin doses. lanate) amoxicillin. Do not

plus 6.25 mg clavulanate/mL,
40 mg amoxicillin plus 5.7 mg
clavulanate, 50 mg amoxicillin
plus 12.5 mg clavulanate, 80
mg amoxicillin plus 11.4 mg
clavulanate/mL.

Tab 250 mg amoxicillin plus
125 mg clavulanate, 500 mg
amoxicillin plus 125 mg
clavulanate, 875 mg
amoxicillin plus 125 mg
clavulanate.

substitute 2 “250”
tablets for 1 “500”
tablet.

(continued)
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ADULT PEAK
DOSAGE SERUM PERCENTAGE

DRUG CLASS DOSAGE ADULT PEDIATRIC IN RENAL LEVELS PROTEIN
AND DRUG FORMS DOSAGE DOSAGE IMPAIRMENT? (MG/L)® BOUND COMMENTS

Ampicillin Inj 1 g ampicillin plus IMorIV1.5-3gof IM or IV (3 months— Cler 15-30 mL/min: 58 22 Spectrum similar to
Sodium 500 mg sulbactam/ the combination 12 yr) 150-300 mg same dose q 12 hr; (Vig (ampicillin) Augmentin. Sodium
and Sul- vial, 2 g ampicillin plus ~ q 6-8 hr, to amaxi-.  of the combination Cler 5-14 mL/min: ampicillin) 38 =5mEg/1.5¢.
bactam 1 g sulbactam/vial, mum of 12 g/day. q 6 hr to a maximum same dose q 24 hr. 30 (sulbactam)

Sodium 10 g ampicillin plus of 12 g/day. (IV 500 mg
Unasyn 5 g sulbactam/vial. sulbactam)

Piperacillin Inj 2.25, 3.375, IV 3.375-4.5 Safety and effi- Cler 20—40 mL/min: 400 15-20 Similar spectrum to
Sodium 45,4059(05¢g gq4-6hr, cacy not es- 2.259q6hr; (Vag (piperacillin) Timentin, but bet-
and Tazo- tazobactam/ 3.375gq4hror tablished. Cler <20 mL/min: piperacillin) 1 ter activity against
bactam 4 g piperacillin). 4596 hrfor 2.25gq8hr. 34 (tazobactam) P. aeruginosa and
Sodium P. aeruginosa. (V0.5g enterococci. Sodium = 2.35
Zosyn tazobactam) mEq/g of piperacillin.

Ticarcillin Inj3.1,31¢g V31gq IV (=3 months) Cler 30—-60 mL/min: 260 50-60 Improved activity over
Disodium (100 mg clav- 4-6 hr. <60 kg: 50 mg/kg 31gq6hr (V3g (ticarcillin) ticarcillin against S. aureus,
and Clavu- ulanate/3 g (of ticarcillin) q Cler 10-30 mL/min: ticarcillin) 22 H. influenzae, and
lanate ticarcillin). 4-6 hr; >60 kg: 31gq8hr 8 (clavulanate) anaerobes, but not
Potassium same as adult Cler <10 mL/min: (V100 mg P. aeruginosa or E.
Timentin dosage. 31gqgi2hrd clavulanate) cloacae. Sodium =

4.7 mEg/g of ticarcillin.

aUsual dose means individual doses given at the specified interval; usual dosage means total daily dosage.
bAverage peak serum concentrations following administration of a 500 mg oral dose or a 1 g IV infusion over 30 min, except as noted.
Concentration dependent.

9With dosages recommended in marked renal impairment, clavulanate concentrations may provide ineffective synergism with ticarcillin.'”
From references 172—174 and 184—190 and product information.
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Macrolides

AZITHROMYCIN Zithromax

Pharmacology. Azithromycin is a macrolide with a 15-membered ring (making it
an azalide) that is slightly less active than erythromycin against Gram-positive
bacteria but substantially more active against Moraxella (Branhamella) ca-
tarrhalis, Haemophilus sp., Legionella sp., Neisseria sp., Bordetella sp., My-
coplasma spp., and Chlamydia trachomatis. The drug also has activity against
aerobic Gram-negative bacilli and Mycobacterium avium and is comparable to
erythromycin in its activity against Campylobacter sp. It is the most active
macrolide for Toxoplasma gondii, including activity against the cyst form,'?!-1%

Administration and Adult Dosage. PO for mild to moderate acute bacterial ex-
acerbations of COPD, pneumonia, pharyngitis or tonsillitis, and uncompli-
cated skin and skin structure infections 500 mg as a single dose on the first day
followed by 250 mg/day on days 2-5 for a total dosage of 1.5 g. PO for nongono-
coccal urethritis and cervicitis caused by C. trachomatis or for chancroid
(Haemophilus ducreyi) 1 g as a single dose.!®> PO for treatment of M. avium
complex in AIDS patients 500 mg/day in combination with ethambutol.*® PO
for prophylaxis of M. avium complex in AIDS patients 1.2 g once weekly alone
or in combination with rifabutin 300 mg/day.'”’” PO for endocarditis prophy-
laxis 500 mg 1 hr before procedure. IV for pelvic inflammatory disease
500 mg/day for 1-2 days, followed by PO 250 mg/day to complete 7 days of ther-
apy. IV for community-acquired pneumonia 500 mg/day for at least 2 days fol-
lowed by PO 500 mg/day to complete 7-10 days of therapy.

Special Populations. Pediatric Dosage. PO for otitis media (>6 months) 10 mg/kg
as a single daily dose on day 1, followed by 5 mg/kg/day as a single dose on days
2-5. PO for streptococcal pharyngitis/tonsillitis (>2 yr) 12 mg/kg/day as a sin-
gle dose for 5 days.'**?% PO for endocarditis prophylaxis 15 mg/kg 1 hr before
procedure. IV (<16 yr) safety and efficacy not established.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Dosage reduction may be needed in severe hepatic impairment,
but guidelines are not available.

Dosage Forms. Tab 250, 600 mg; Susp 20, 40 mg/mL; Pwdr for Oral Susp 1 g;
Inj 500 mg.

Patient Instructions. Take the oral suspension with a full glass of water on an
empty stomach (1 hour before or 2 hours after meals) for best absorption. Tablets
may be taken without regard to meals. Do not take aluminum- or magnesium-
containing antacids with azithromycin.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 12 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Oral bioavailability is 37%. After a 500 mg oral cap-
sule, a peak serum concentration of 0.41 mg/L (0.55 wmol/L) is achieved in
2 hr. Plasma protein binding is 7-50%, primarily to «j-acid glycoprotein.
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Azithromycin penetrates macrophages and polymorphonuclear leukocytes, ac-
counting for intracellular concentrations that are 40-fold extracellular concentra-
tions. Azithromycin is widely distributed throughout the body, and tissue concen-
trations (including the CNS) range from 10- to 150-fold higher than those in
serum. Tissue concentrations peak 48 hr after administration, and high concentra-
tions persist for several days after drug discontinuation. Elimination is polyphasic,
reflecting rapid initial distribution into tissues, followed by slow elimination. Vg4is
23-31 L/kg; Clis 38 L/hr in adults. Azithromycin is metabolized in the liver and
eliminated largely through biliary excretion; only 6% is excreted unchanged in
Urine, 192:194201.302

ty. Terminal phase 11-68+ hr.!922?2

Adverse Reactions. The drug is well tolerated. Frequent adverse effects are mild
to moderate diarrhea, nausea, and abdominal pain. Headache and dizziness occur
occasionally. Rash, angioedema, hepatomegaly, and cholestatic jaundice are re-
ported rarely.'*?

Contraindications. Hypersensitivity to any macrolide.

Precautions. Use during pregnancy only if clearly needed. Use caution in pa-
tients with impaired hepatic function or severely impaired renal function.

Drug Interactions. Azithromycin does not interact with hepatic cytochrome P450
enzymes and, unlike erythromycin and clarithromycin, is not associated with these
types of interactions.”*3

Parameters to Monitor. Baseline and periodic liver function tests during pro-
longed therapy.

CLARITHROMYCIN Biaxin

Pharmacology. Clarithromycin is a semisynthetic macrolide antibiotic that is
slightly more active than erythromycin against Gram-positive bacteria, Moraxella
(Branhamella) catarrhalis, and Legionella sp. It is very active against Chlamydia
sp. and superior to other macrolides in its activity against Mycobacterium avium
complex (MAC).]92'194'20]'204'205

Administration and Adult Dosage. PO for respiratory and skin infections
250-500 mg bid; PO for MAC in AIDS patients 500 mg bid. PO for endocardi-
tis prophylaxis 500 mg 1 hr before procedure. PO for eradication of Helicobac-
ter pylori 500 mg tid in combination with proton pump inhibitors and other drugs.
(See Gastrointestinal Drugs, Treatment of Helicobacter pylori Infection in Peptic
Ulcer Disease Chart. )%

Special Populations. Pediatric Dosage. PO for community-acquired pneumo-
nia 15 mg/kg q 12 hr for 10 days; PO for other indications 7.5 mg/kg bid, to a
maximum of 500 mg bid. PO for endocarditis prophylaxis 15 mg/kg 1 hr before
the procedure.

Geriatric Dosage. Same as adult dosage.
Other Conditions. Reduce dosage by 50% with Cle; <30 mL/min.
Dosage Forms. Tab 250, 500 mg; Susp 25, 37.5, 50 mg/mL.
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Pharmacokinetics. Fate. Clarithromycin is acid-stable and absorbed well with or
without food. Bioavailability is 55%, with peak serum concentrations of about
2 mg/L attained after a 400 mg oral dose. The hydroxy metabolite is active and
may be synergistic in vitro with the parent drug.*”

ty. (Clarithromycin) 4.5 hr; (hydroxy-metabolite) 4-9 hr.2?

Adverse Reactions. Similar to erythromycin, but clarithromycin has better GI
tolerance.

Contraindications. Hypersensitivity to any macrolide antibiotic; concurrent use
with certain other drugs. (See Drug Interactions.)

Precautions. Use with caution in severe renal or hepatic function impairment;
dosage reduction is advised.

Drug Interactions. Clarithromycin has a lower affinity for CYP3A4 than ery-
thromycin and therefore has fewer clinically important drug interactions; how-
ever, its use is contraindicated with astemizole or cisapride. Serum concentrations
of theophylline and carbamazepine also can be increased by clarithromycin.

ERYTHROMYCIN AND SALTS Various

Pharmacology. Erythromycin is a bacteriostatic macrolide antibiotic with a spec-
trum similar to that of penicillin G; it is also active against Mycoplasma pneumo-
niae and Legionella pneumophila.*” It acts by binding to the 50S ribosomal
subunit, inhibiting protein synthesis. Gram-positive organisms develop resistance
via R-factor mediated alteration of the binding site. Gram-negative organisms are
resistant because of cell wall impermeability.

Administration and Adult Dosage. (See Macrolide Antibiotics Comparison
Chart.) For gastroparesis 200 mg IV of the lactobionate salt, 250 mg PO of the
ethylsuccinate salt or 500 mg PO of the base 15-120 min before meals and at bed-
time appear to be effective.?!’

Special Populations. Pediatric Dosage. (See Macrolide Antibiotics Comparison
Chart.)

Geriatric Dosage. Same as adult dosage.

Other Conditions. Dosage adjustment is probably unnecessary in renal impair-
ment. 198207

Dosage Forms. (See Macrolide Antibiotics Comparison Chart.)

Patient Instructions. Take this drug with a full glass of water on an empty stom-
ach (1 hour before or 2 hours after meals) for best absorption. Refrigerate the sus-
pension.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 4-6 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Oral absorption varies widely with the salt and dosage
forms (see Macrolide Antibiotics Comparison Chart), with peak serum concentra-
tions occurring from 30 min (suspension) to 4 hr (coated tablet) after administra-
tion. However, enteric-coated erythromycin base tablets, stearate tablets, and esto-
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late capsules produce equivalent erythromycin serum levels when administered to
fasting subjects. Food or restricted water intake (ie, <20 mL) with a dose dramati-
cally lowers the absorption of the stearate form. The drug is 83 + 5% plasma pro-
tein bound and widely distributed into most tissues, cavities, and body fluids ex-
cept the brain and CSF (even with meningeal inflammation). Vg4 is 0.6 + 0.1 L/kg;
Clis 0.55 + 0.25 L/hr/kg. Erythromycin is partially metabolized in the liver by
CYP3A3/4 and excreted primarily as unchanged erythromycin with high concen-
trations in the bile and feces. Only 12-15% of an IV dose is excreted unchanged
in urine.?2’

ty. 1.6 0.7 hr; unchanged or slightly prolonged in anuric patients, based on min-
imal data; prolonged in cirrhosis.

Adverse Reactions. Frequent GI distress. IM form is very painful, despite local
anesthetic (butamben) in the product, and might produce sterile abscesses. IV ad-
ministration frequently produces pain, venous irritation, and phlebitis. Mild eleva-
tions of serum hepatic enzymes occur frequently. Transient deafness occurs occa-
sionally with high dosages.””’?!! Rare, but potentially serious, reversible
intrahepatic cholestatic jaundice occurs primarily with the estolate and ethylsucci-
nate forms, usually in adults after 10-14 days of therapy, although it can occur
after the first dose if there is a history of previous use. Prodrome includes malaise,
nausea, vomiting, fever, and abdominal pain (which can be severe and misdiag-
nosed as acute surgical abdomen). Symptoms resolve in 1-2 weeks, and serum en-
zymes return to normal over several months.

Contraindications. Concurrent use with astemizole, cisapride or pimozide; IM
form in patients with hypersensitivity to local anesthetics of the para-aminobenzoic
acid type (eg, procaine); hepatic dysfunction (estolate and ethylsuccinate forms).

Precautions. Pregnancy. Use with caution in patients with liver disease because
of possibly impaired excretion.

Drug Interactions. Erythromycin inhibits CYP3A4 and can reduce hepatic me-
tabolism of some drugs, including astemizole, carbamazepine, cisapride, cy-
closporine, theophylline, triazolam, warfarin, and others.?'? (See Contraindica-
tions.)

Parameters to Monitor. Liver function tests in patients who experience prodro-
mal symptoms (see Adverse Reactions) while receiving the estolate or ethylsucci-
nate form; check daily for vein irritation and phlebitis in patients receiving IV
forms. Closely monitor the effects of other drugs that interact with erythromycin
during concurrent use.

Notes. Avoid injectable forms if at all possible. Erythromycin is more active in an
alkaline environment. Unrelated to its antibacterial effect, erythromycin in low
doses binds to motilin receptors in the GI tract to stimulate gastric emptying. It is
the most prokinetic macrolide and has been used in gastroparesis and other GI
motility disorders,?10-213-216
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MACROLIDE ANTIBIOTICS COMPARISON CHART

DRUG DOSAGE FORMS ADULT DOSAGE PEDIATRIC DOSAGE COMMENTS
Azithromycin Tab 250, 600 mg PO 500 mg once, then PO for otitis media or Broader spectrum than erythromycin.
Zithromax Susp 20, 40 mg/mL 250 mg/day for 4 days; pneumonia, 10 mg/kg once, Less Gl intolerance than erythro-
Pwdr for Oral Susp 1 ¢ PO for urethritis and then 5 g/kg/day for 4 days; mycin. Little or no P450 inhibition.
Inj 500 mg. cervicitis 1 g; PO for PO for pharyngitis/tonsilitis
MAC treatment 500 12 mg/kg/day for 5 days.
mg/day; PO for MAC
prophylaxis 1.2 g once/
week.
IV 500 mg/day.
Clarithromycin Tab 250, 500 mg PO 250-500 mg bid; PO PO for pneumonia 15 mg/kg Broader spectrum than erythromycin.
Biaxin Susp 25, 37.5, for MAC 500 mg bid; q 12 hr for 10 days; PO for Food does not decrease absorption.
50 mg/mL. PO for H. pylori 500 mg other uses 7.5 mg/kg bid. Less Gl intolerance than erythro-
tid with other agents. mycin. Less inhibition of
CYP3A3/4 than erythromycin.
Dirithromycin EC Tab 250 mg. PO 500 mg once daily for <12 yr not recommended. Spectrum similar to erythromycin,
Dynabac 7-14 days. but less Gl intolerance and little
or no P450 inhibition.
Erythromycin EC Tab 250, 333, 500 mg PO 1 g/day in 2—4 doses, PO 30-50 mg/kg/day in 4 Food interferes with absorption of
Base EC Tab 333, 500 mg to a maximum of 4 g/ doses; may double in severe uncoated products; EC products
E-Mycin SR Cap 250 mg day. infection.? appear to be among the best tol-
Ery-Tab erated erythromycin formulations.
ERYC

Various

(continued)
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MACROLIDE ANTIBIOTICS COMPARISON CHART (continued)

DRUG DOSAGE FORMS ADULT DOSAGE PEDIATRIC DOSAGE COMMENTS

Erythromycin Cap 250 mg PO 250-500 mg q 6 hr, PO 30-50 mg/kg/day in 3-4 PO well absorbed; unaffected by
Estolate Susp 25, 50 mg/mL to a maximum of 4 g/day. doses.? food and highly resistant to gastric
llosone Tab 500 mg. acid hydrolysis; absorbed as pro-
Various pionate ester which predominates

in serum (8:1) and might be less
active; rare intrahepatic cholestatic
jaundice.

Erythromycin Drp 40 mg/mL PO 400 mg q 6 hr, to PO 30-50 mg/kg/day Absorbed better than base; intermedi-
Ethylsuccinate Susp 40, 80 mg/mL a maximum of 4 g/day. in 3-4 doses; may double ate susceptibility to gastric acid
EES. Chew Tab 200 mg in severe infection.? hydrolysis. Absorbed as ester,
EryPed Tab (coated) 400 mg. which predominates in serum (3:1)
Various and might be less active. Rare

intrahepatic cholestatic jaundice.”

Erythromycin Inj (IVonly) 1 g. IV 15-20 mg/kg/day in IV same as adult dosage in Painful; phlebitis frequent; avoid use
Gluceptate 3-4 doses, to a maximum 2—4 doses; may double in if possible. Infuse over 20-60
llotycin of 4 g/day. severe infection.? min.>

(continued)
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MACROLIDE ANTIBIOTICS COMPARISON CHART (continued)

DRUG DOSAGE FORMS ADULT DOSAGE PEDIATRIC DOSAGE COMMENTS

Erythromycin Inj (IV only) 500 mg, 1 g. Same as erythromycin glu- Same as erythromycin glu- Same as erythromycin gluceptate.
Lactobionate ceptate. ceptate.?
Erythrocin
Various

Erythromycin Tab (film coated) 250, PO 1 g/day in 2 or 4 doses, PO 30-50 mg/kg/day Absorption about equal to ethylsuccinate,
Stearate 500 mg. to a maximum of 4 g/day. in 4 doses; may double although food interferes markedly with
Erythrocin in severe infections. absorption. Hydrolyzed to free base before
Various absorption.”

4n newborns, data are available for erythromycin estolate only, suggesting an oral dosage of 40 mg/kg/day in 2—4 divided doses.

®Despite differences in oral absorption, no clinical studies have shown any salt to be clearly superior in any particular therapeutic use.

From references 217-222 and product information.
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CIPROFLOXACIN Ciloxan, Cipro

Pharmacology. Ciprofloxacin is a fluoroquinolone that inhibits bacterial DNA-
gyrase, an enzyme responsible for the unwinding of DNA for transcription and
subsequent supercoiling of DNA for packaging into chromosomal subunits. It is
highly active against aerobic, Gram-negative bacilli, especially Enterobacteri-
aceae, with MICs often <0.1 mg/L. It is also active against some strains of
Pseudomonas aeruginosa and Staphylococcus spp., with an MICgp of 0.5-1 mg/L.
However, recent reports indicate increasing resistance to this agent in methicillin-
resistant S. aureus. It has poor activity against streptococci and anaerobes.”322*

Administration and Adult Dosage. PO for uncomplicated UTIs 250 mg q 12 hr.
PO for moderate to severe systemic infections 500-750 mg q 12 hr; PO for
gonorrhea 250-500 mg once. PO for chancroid 500 mg q 12 hr for 3 days.'” IV
200-400 mg q 12 hr

Special Populations. Pediatric Dosage. (<16 yr) safety and efficacy not estab-
lished. Use has been limited because of the potential for arthropathy.
Ciprofloxacin has been used in children 6-16 yr old in limited situations to treat
serious infections. IV for P. aeruginosa infections in cystic fibrosis 15-
30 mg/kg/day in 2-3 divided doses. PO for P. aeruginosa infections in cystic fi-
brosis 20-40 mg/kg/day in 2 divided doses.??

Geriatric Dosage. Reduce dosage for age-related reduction in renal function, al-
though dosage reduction is not necessary with only minor age-related renal func-
tion changes.??

Other Conditions. Reduce dosage by 50% or double the dosage interval when Cle,
<30 mL/min; special dosage adjustments in patients with cystic fibrosis are not

necessary.?’

Dosage Forms. Inj 200, 400 mg; Susp 50, 100 mg/mL; Tab 100, 250, 500,
750 mg; Ophth Drp (Ciloxan) 3.5 mg/mL (equivalent to 3 mg/mL base); Otic
Susp 2 mg plus hydrocortisone 10 mg/mL.

Patient Instructions. This drug may be taken with food to minimize stomach
upset. Avoid antacid use during treatment; calcium, iron, or zinc supplements can
reduce absorption. Avoid excessive exposure to sunlight during ciprofloxacin
treatment. Report any tendon pain or inflammation that occurs during therapy.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 6-8 hours between doses.

Pharmacokinetics. Serum Levels. A peak serum level of 4-6 mg/L (12-
18 mmol/L) 2 hr after an oral 750-1000 mg dose is proposed as evidence of ab-
sorption adequate for tuberculosis therapy.*

Fate. About 70-80% absorbed orally; food decreases the rate but not the extent
of absorption. Aluminum-, calcium-, or magnesium-containing antacids or sucral-
fate markedly decrease the extent of absorption. Peak serum concentrations are
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3 £ 0.6 mg/L (9 £ 1.8 mmol/L) after a 750 mg oral dose; a 200 mg IV dose in-
fused over 30 min results in a peak concentration of about 3.2 + 0.6 mg/L. Vg4 av-
erages 2 L/kg. Renal clearance averages 0.26 L/hr/kg. Less than 30% is plasma
protein bound. Ciprofloxacin attains very high concentrations in many body fluids
and tissues, most notably urine, prostate, and pulmonary mucosa. CSF concentra-
tions are <1 mg/L; experience with the drug in the treatment of meningitis is very
limited. From 45% and 60% of a parenteral dose is recovered unchanged in urine;
the remainder is excreted as four metabolites or eliminated in feces.?0>26-20

ty. 4.2 %0.63 hr,”? 6.9 + 2.9 hr in severe renal impairment.2*

Adverse Reactions. GI intolerance (nausea, vomiting, diarrhea, abdominal dis-
comfort) occurs frequently. CNS effects such as headaches and restlessness have
occurred in 1-2% of patients. Other CNS effects (eg, dizziness, insomnia, anxiety,
irritability, and seizures) have been reported in fewer than 1% of patients. Skin
rashes and photosensitivity occur occasionally. Anaphylaxis occurs rarely.?%?

Contraindications. Hypersensitivity to any quinolone.
Precautions. Pregnancy; lactation.

Drug Interactions. Aluminum-, calcium-, or magnesium-containing antacids
markedly reduce oral absorption. Although there is some information that spacing
administration by =2 hr might minimize these interactions, it is probably best not
to use ciprofloxacin in patients taking long-term antacid therapy. Iron supple-
ments and zinc-containing multivitamins can reduce absorption. Theophylline
clearance can be reduced in some patients receiving ciprofloxacin. Patients receiv-
ing fluoroquinolones and methylxanthines such as theophylline or caffeine might
be at increased risk of CNS toxicity (eg, convulsions). Warfarin metabolism can
be impaired by ciprofloxacin, although studies with the fluoroquinolone enoxacin
indicate that only the metabolism of the less active (R)-warfarin is affected. Use
caution when adding ciprofloxacin in a patient taking warfarin. The solubility of
ciprolezo;(acin is reduced at higher pH values; thus, avoid alkalinization of the
urine.

Parameters to Monitor. Monitor serum theophylline levels closely in patients re-
ceiving theophylline. Monitor prothrombin time and signs of bleeding in patients
on warfarin.

OFLOXACIN Floxin, Ocuflox

LEVOFLOXACGIN Levaquin, Quixin

Pharmacology. Ofloxacin is a systemic fluoroquinolone similar to ciprofloxacin.
Levofloxacin is the active L-isomer of ofloxacin that allows higher dosages of the
active form to be given with fewer side effects. Ofloxacin has greater activity
against Chlamydia trachomatis, Ureaplasma urealyticum, Mycoplasma pneumo-
niae, and Mycobacterium tuberculosis than ciprofloxacin, but less activity against
Pseudomonas  aeruginosa.’8*>*32431  (See  Fluoroquinolones Comparison
Chart.)

Adult Dosage. (Ofloxacin) IV or PO for systemic infections 400 mg q 12 hr;
PO for nongonococcal urethritis 300 mg q 12 hr for 7 days; PO for acute, un-
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complicated gonorrhea 400 mg once; IV or PO for urinary tract infections
200 mg q 12 hr. (Levofloxacin) IV or PO 250-500 mg once daily. Reduce the
dosage of both drugs in renal impairment. Ophth (Ofloxacin) 1-2 drops q 30 min
while awake and q 4-6 hr after retiring for 2 days, then q 1 hr while awake for 4-6
days, then qid until cure. (Levofloxacin) 1-2 drops q 2 hr while awake up to 8
times/day for 2 days, then q 4 hr while awake for 5 days. Otic (Ofloxacin) 10
drops bid for 14 days. (See Fluoroquinolones Comparison Chart.)

Pediatric Dosage. PO, IV (<18 yr) safety and efficacy not established. Ophth
(<1 yr) safety and efficacy not established; (ofloxacin, levofloxacin) same as adult
dosage. Otic (Ofloxacin) 5 drops bid for 10 days.

Dosage Forms. (Ofloxacin) Inj 200, 400 mg; Tab 200, 300, 400 mg; Ophth Drp
(Ocuflox) 3 mg/mL; Otic Drp 3 mg/mL. (Levofloxacin) Inj 5, 25 mg/mL; Tab
250, 500 mg; Ophth Drp (Quixin) 5 mg/mL.

Pharmacokinetics. Ofloxacin is >95% bioavailable orally. A peak serum concen-
tration of 8-12 mg/L (22-33 mmol/L) 2 hr after an oral dose of 600-800 mg is
proposed as evidence of absorption adequate for tuberculosis therapy. Ofloxacin
is predominantly renally excreted with a half-life of 5-7 hr.

Adverse Reactions. (See Ciprofloxacin.)

Drug Interactions. Ofloxacin does not alter hepatic metabolism of methylxan-
thine compounds (eg, caffeine, theophylline). However, like other fluoro-
quinolones, cations markedly reduce the absorption of this agent.
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FLUOROQUINOLONES COMPARISON CHART

DOSAGE IN ORAL PEAK SERUM
DOSAGE RENAL BIOAVAILABILITY LEVELS
DRUG FORMS ADULT DOSAGE IMPAIRMENT (PERCENT) (MG/L)? COMMENTS®
Ciprofioxacin Tab 100, 250, 500, PO 250-750 mg Cler 30-50 mL/min: 60-80 3+06 Most active against
Cipro 750 mg qi2hr PO 250-500 mg (PO 750 mg) P. aeruginosa. Do not use
Ciloxan Inj 200, 400 mg PO for gonorrhea q 12 hr; IV usual 32+06 against Gm+ organisms
Cipro HC Otic Susp 50, 100 500 mg once; dosage; (IV 200 mg) such as S. aureus.
mg/mL. IV 200-400 mg Cler 5-29 mL/min:
Ophth Drp 0.3% qi2hr PO 250-500 mg q
(Ciloxan) Ophth 2 drops 18 hr; IV 200-400
2.5,5mL q 15 min-4 hr. mg q 18-24 hr;
Otic Susp 2 mg Dialysis:
plus hydrocorti- PO 250-500 mg
sone 10 mg/mL. q 24 hr after
dialysis.
Enoxacin Tab 200, 400 mg. PO 200-400 mg Cler <30 mL/min: 83-90 55 Most potent inhibitor of
Penetrex qi2hr; usual dose q 24 hr. (PO 400 mg) theophylline metabolism.

PO for gonorrhea
400 mg once.

(continued)
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FLUOROQUINOLONES COMPARISON CHART (continued)

DOSAGE IN ORAL PEAK SERUM
DOSAGE RENAL BIOAVAILABILITY LEVELS
DRUG FORMS ADULT DOSAGE IMPAIRMENT (PERCENT) (MG/L) COMMENTS®
Gatifloxacin Tab 200, 400 mg PO or IV 200— Cler <40 mL/min: 93 43 No effect on theophylline
Tequin Inj 2, 10 mg/mL. 400 mg q 24 hr. 400 mg once, then (PO 400 mg) metabolism. Can be taken
200 mg/day. 46 with or without food. Enha-
(IV 400 mg) nced Gm+ activity. Pro-
longs QT interval in some
patients.
Levofloxacin Tab 250, 500 mg PO or IV 250— Cler 2049 mL/min: usual dose ~ 95-100 5.7 Active S—(-) enantiomer of
Levaquin Inj 5, 25 mg/mL. 500 mg q 24 hr. once, then 250 mg q 24 hr; (PO 500 mg) ofloxacin. Levofloxacin is not
Cler 10—-19 mL/min: usual dose 6.4 appreciably removed from the
once, then 250 mg q 48 hr; (IV 500 mg) body during hemo dialysis or
Hemodialysis or peritoneal peritoneal dialysis.
dialysis: 500 mg once, then
250 mg q 48 hr.
Lomefloxacin Tab 400 mg. PO 400 mg once Cler <40 mL/min: 95-98 35 No effect on theophylline
Maxaquin daily. PO 400 mg once, (PO 400 mg) metabolism. Long half-life
then 200 mg/day. of 8 hr. Relatively weak
antibacterial. Phototoxic.
Moxifloxacin Tab 400 mg. PO 400 mg once No change required. 95 45 No effect on theophylline or
Avelox daily. (400 mg) warfarin metabolism. No food

interactions. Enhanced activity
against common community-
acquired pneumonia pathogens.
Prolongs QT in some patients.

(continued)
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FLUOROQUINOLONES COMPARISON CHART (continued)

DOSAGE IN ORAL PEAK SERUM
DOSAGE RENAL BIOAVAILABILITY LEVELS
DRUG FORMS ADULT DOSAGE IMPAIRMENT (PERCENT) (MG/L) COMMENTS®
Norfloxacin Tab 400 mg PO 200-400 mg Cler <30 mL/min: 30-40 1.4-16 Used in urinary and Gl tract
Noroxin Ophth Drp 0.3% qi2hr PO 400 mg/day. (estimated) (PO 400 mg) infections, sexually transmit-
Chibroxin (Chibroxin) PO for gonorrhea ted diseases and prostatitis
5mL. 800 mg once; only because of poor oral
Ophth 1 or 2 drops bioavailability.
q 2 hr—gid.
Ofloxacin Tab 200, 300, PO or IV 200-400 mg  Cler 10-50 mL/min: 95-100 3.5-5.3 Most active against
Floxin 400 mg qi2hr usual dose q 24 hr; (PO 400 mg) Chlamydia spp.; little
Ocuflox Inj 200, 400 mg PO for gonorrhea Cler <10 mL/min: 5.2-7.2 effect on theophylline
Ophth Drp 0.3% 400 mg once. 50% of usual dose (400 mg IV) metabolism.
(Ocuflox). Ophth 1 or 2 drops q24hr.
q 2—4 hr for 2 days,
then gid up to 5 days.
Sparfloxacin Tab 200 mg. PO 400 mg once, Cler <50 mL/min: 90 0.62-0.71 Can be taken with or without
Zagam then 200 mg q 400 mg once, then (PO 200 mg) food. No effect on theo-
24 hr. 200 mg q 48 hr. 0.56-1.60 phylline metabolism. Pneu-
(PO 400 mg) mococcal activity superior

to ciprofloxacin or ofloxacin.
Phototoxic.

(continued)



¢l

FLUOROQUINOLONES COMPARISON CHART (continued)

DOSAGE IN ORAL PEAK SERUM
DOSAGE RENAL BIOAVAILABILITY LEVELS
DRUG FORMS ADULT DOSAGE IMPAIRMENT (PERCENT) (MG/L)? COMMENTS®
Trovafloxacin Tab 100, 200 mg PO 200 mg/day®; No adjustment needed 88 1.1 Broad spectrum of activity.
Alatrofloxacin Inj 5 mg/mL. IV 200-300 mg/ in renal impairment (PO 100 mg) Penetrates into CSF better
Mesylate day. or dialysis. 3.3 than other quinolones.
(PO 300 mg) May have benefit against
Trovan resistant organisms.®

aPeak serum concentrations following administration of the dose shown in parentheses.

oAl fluoroquinolones are associated with tendon rupture. Discontinue therapy at the first sign of tendon pain or inflammation, and patients should refrain from exercise until the diagnosis of
tendinitis can be confidently excluded.?®®

“Trovafloxacin has been associated with serious liver injury, leading to liver transplantation or death. Reserve trovafloxacin for patients with serious, life-, or limb-threatening infections who
receive their initial therapy in an inpatient facility (eg, hospital, long-term nursing care facility). Do not use trovafloxacin when a safer, alternative antimicrobial regimen will be effective.

From references 202 and 223-239.
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Sulfonamides

TRIMETHOPRIM AND SULFAMETHOXAZOLE Bactrim, Septra, Various

Pharmacology. Sulfamethoxazole (SMZ) is a synthetic analogue of para-
aminobenzoic acid (PABA), which competitively inhibits the synthesis of dihy-
dropteric acid (an inactive folic acid precursor) from PABA in microorganisms.
Trimethoprim (TMP) acts at a later step to inhibit the enzymatic reduction of di-
hydrofolic acid to tetrahydrofolic acid. The most important determinant of effi-
cacy is usually the level of susceptibility to TMP; resistance to the combination is
uncommon but appears to be increasing worldwide. The combination is active
against many bacteria except anaerobes, Pseudomonas aeruginosa, and many
Streptococcus faecalis spp. It is also highly active and effective against the proto-
zoan Pneumocystis carinii. TMP/SMZ has in vitro activity against methicillin-
resistant Staphylococcus aureus (MRSA), but clinical success has been variable
and unpredictable.?0-243

Administration and Adult Dosage. PO for UTI 160 mg of TMP and 800 mg of
SMZ q 12 hr for 10-14 days. PO for prophylaxis of recurrent UTI 40 mg TMP
and 200 of SMZ at bedtime 3 times a week. PO for shigellosis 160 mg of TMP
and 800 of SMZ q 12 hr for 5 days. IV for severe Gram-negative infections or
shigellosis 8-10 mg/kg/day of TMP and 40-50 mg/kg/day of SMZ, in 2—4 equally
divided doses, q 6-12 hr for 5 days for shigellosis and up to 14 days for severe
UTL PO or IV for P. carinii pneumonia (PCP) 12.5-20 mg/kg/day of TMP and
62.5-100 mg/kg/day of SMZ, in 2—4 equally divided doses, for up to 21 days. PO
for PCP infection prophylaxis 160 mg of TMP and 800 mg of SMZ once daily;
intermittent dosage (eg, 3 times a week) is also used. In patients with HIV infec-
tion, the drug is indicated if there was a previous episode of PCP or CD4 counts
are <200 cells/pL.2*' (See Notes.)

Special Populations. Pediatric Dosage. PO for UTI or shigellosis (2 months—12
yr) 8 mg/kg/day of TMP and 40 mg/kg/day of SMZ (Susp 1 mL/kg/day) in 2
equally divided doses; (>12 yr) same as adult mg/kg dosage. PO for otitis media
same as UTI dosage. IV for severe Gram-negative infection or shigellosis (>2
months) same as adult mg/kg dosage. PO or IV for PCP same as adult mg/kg
dosage. PO for P. carinii infection prophylaxis 150 mg/m%day of TMP and
750 mg/m?/day of SMZ, in divided doses, given 3 days a week.?*

Geriatric Dosage. Reduce dosage for age-related reduction in renal function, al-
though dosage reduction is not necessary with only minor age-related renal func-
tion changes. (See Precautions.)

Other Conditions. For a Cl.; <30 mL/min, give normal dosage for 1-6 doses; with
a Clg of 15-30 mL/min, follow with 50% of the usual dosage; with a Clg
<15 mL/min, follow with 25-50% of the usual dosage in 1 or 2 divided doses.
Give patients on hemodialysis a normal dose after each dialysis procedure. For
systemic infections treated with higher dosages, monitor serum levels.

Dosage Forms. Susp 8 mg/mL of TMP and 40 mg/mL of SMZ; Tab 80 mg of
TMP and 400 mg of SMZ (single strength), 160 mg of TMP and 800 mg of SMZ
(double strength); Inj 16 mg/mL of TMP and 80 mg/mL of SMZ.
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Patient Instructions. Take this medication with a full 8 fluid ounce glass of water
on an empty stomach (1 hour before or 2 hours after meals) for best absorption.
Drink several additional glasses of water daily, unless directed otherwise.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only. If
you are taking the drug once a day, leave at least 10-12 hours between doses. If
you are taking the drug twice a day, leave at least 5-6 hours between doses. Do
not double the dose or take extra.

Pharmacokinetics. Serum Levels. Trimethoprim levels >5 mg/L (>17 pwmol/L)
and SMZ peak levels of about 100 mg/L (396 wmol/L) may be required in PCP.2#

Fate. TMP and SMZ are 90-100% absorbed orally. In normal adults, peak serum
concentrations of 0.9-1.9 mg/L (3.1-6.5 pmol/L) of TMP and 20-50 mg/L
(79-198 pumol/L) of SMZ occur about 1-4 hr after 160 mg of TMP and 800 mg of
SMZ. An additional 10-20 mg/L of SMZ exists in the serum as inactive metabo-
lites. IV infusion of 160 mg of TMP and 800 mg of SMZ over 1 hr produces peak
serum levels of 3.4 mg/L (11.7 wmol/L) of TMP and 46.3 mg/L (183 wmol/L) of
SMZ. TMP and SMZ are widely distributed in the body, although TMP is much
more widely distributed because of its greater lipophilicity. TMP is 45% plasma
protein bound and has a V4 of 1-2 L/kg; SMZ is 60% plasma protein bound and
has a V4 of 0.36 L/kg. TMP concentrations in various tissues and fluids (including
the prostate, bile, and sputum) are several times greater than concomitant serum
concentrations; CSF concentrations in normal adults are approximately 50% of
serum concentrations. Nearly all TMP is excreted in the urine within 24-72 hr,
50-75% as unchanged drug. SMZ undergoes extensive liver metabolism, produc-
ing N*-acetylated and N*-glucuronidated derivatives; 85% is excreted in the urine
within 24-72 hr, 10-30% as unchanged drug. The pharmacokinetics of these
drugs are essentially unchanged when given in combination. The pH of the urine
influences renal excretion of both drugs but does not markedly alter overall elimi-
nation 2

t 11 +2.3 hr for TMP and 8 + 0.4 hr for SMZ in normal adults.>*® 20-30 hr or
more for TMP in severe renal failure; 18-24 hr for SMZ in anuria.?*?

Adverse Reactions. GI irritation including nausea, vomiting, and anorexia occurs
frequently, and frequency and severity appear to be dose related. Rashes and other
hypersensitivity reactions similar to those caused by other sulfonamides occur oc-
casionally. In patients with AIDS, allergic skin reactions, rash (usually diffuse,
erythematous or maculopapular, and pruritic) are frequent and might be associated
with fever, leukopenia, neutropenia, thrombocytopenia, and increased transami-
nase levels.?*” Desensitization has been successful. (See Notes.) In patients with-
out underlying myelosuppression and treated with conventional dosages, the fre-
quency of megaloblastic anemia and other hematologic disorders is rare but might
be higher in folate-deficient patients. Hepatotoxicity and nephrotoxicity are rare;
renal dysfunction can occur in patients with pre-existing renal disease, but it is re-
versible. 232 Allergic skin reactions, including toxic epidermal necrolysis, exfo-
liative dermatitis, Stevens-Johnson syndrome, erythema multiforme, and fixed
drug eruptions, occur rarely. Other rare adverse effects are cholestatic jaundice,
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pancreatitis, pseudomembranous colitis, hyperkalemia, myalgia, headache, insom-
nia, fatigue, ataxia, vertigo, depression, and anaphylaxis.”*

Contraindications. Pregnancy; infants <2 months; history of hypersensitivity re-
action to sulfonamide derivatives or trimethoprim; megaloblastic anemia caused
by folate deficiency. Lactation is stated by manufacturer to be a contraindication,
but risk is probably limited to nursing infants <2 months of age.

Precautions. G-6-PD deficiency; impaired renal or hepatic function. Adverse re-
actions can be more frequent in the elderly, especially with impaired hepatic or
renal function or in those taking thiazide diuretics.

Drug Interactions. The effects of methotrexate, sulfonylureas, and warfarin are
increased when used with trimethoprim-sulfamethoxazole. Enhanced bone mar-
row suppression can occur with the combination of trimethoprim/sulfamethoxa-
zole and mercaptopurine. A decreased effect of cyclosporine and an increased risk
of nephrotoxicity can occur. High-dose trimethoprim-sulfamethoxazole with di-
danosine can increase the risk of pancreatitis. Phenytoin clearance can be de-
creased with concurrent use.

Parameters to Monitor. Baseline and periodic CBC counts for patients on long-
term or high-dose treatment. Monitor SMZ serum levels in patients treated for
PCP if absorption is questionable or response is poor. In patients with AIDS, mon-
itor for hypersensitivity skin reactions (rash and urticaria).

Notes. Protect all dosage forms from light. The efficacy and safety of TMP and
SMZ have been demonstrated in numerous infectious conditions (eg, chronic UTI,
chronic bronchitis, sepsis, enteric fever, prostatitis, endocarditis, meningitis, and
gonorrhea), and the combination is considered an effective alternative to conven-
tional therapy in most cases.’**¢ Efficacy of TMP and SMZ in the treatment of
PCP is equivalent to pentamidine, which makes the combination the therapy of
choice because of its greater safety and lower cost.*® Oral desensitization or
rechallenge with TMP/SMZ has been successful in permitting continued use in
patients with AIDS who experience hypersensitivity reactions.?*?

Tetracyclines

DOXYCYGLINE AND SALTS Vibramycin

Pharmacology. Tetracyclines are broad-spectrum bacteriostatic compounds that
inhibit protein synthesis at the 30S ribosomal subunit. Activity includes Gram-
positive, Gram-negative, aerobic, and anaerobic bacteria, as well as spirochetes,
mycoplasmas, rickettsiae, chlamydiae, and some protozoa. Many bacteria have
developed plasmid-mediated resistance. Most Enterobacteriacae and P. aerugi-
nosa are resistant. Doxycycline is somewhat more active than other tetracyclines
against anaerobes and facultative Gram-negative bacilli.?*>%

Administration and Adult Dosage. PO 100 mg q 12 hr for 2 doses, then
50-100 mg/day in 1 or 2 doses, depending on the severity of the infection, to a
maximum of 200 mg/day. PO for uncomplicated chlamydial genital infections
100 mg bid for at least 7 days. PO for primary and secondary syphilis 100 mg
tid for at least 10 days. PO for prophylaxis against travelers’ diarrhea 200 mg
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en route, then 100 mg/day for duration of travel (6 weeks maximum). PO for
malaria prophylaxis in short-term (<4 months) travelers 100 mg/day begin-
ning 1-2 days before travel to malarious areas and for 4 weeks after leaving the
area. IV 200 mg in 1 or 2 divided doses for 1 day, followed by 100-200 mg/day,
infused at a concentration of 0.1-1 g/L over 1-4 hr; double maintenance dosage in
severe infections. Intrapleural for pleural effusions 500 mg in 25-30 mL of NS
has been used; most patients require 2—4 infusions for maximum efficacy.>' Not
for SC or IM use.

Special Populations. Pediatric Dosage. Not recommended <8 yr. PO (>8 yr,
<45 kg) 2.2 mg/kg q 12 hr for 2 doses, then 2.2—4.4 mg/kg/day in 1 or 2 divided
doses, depending on the severity of the infection; (>45 kg) same as adult dosage.
PO for malaria prophylaxis in short-term (<4 months) travelers (>8 yr)
2.2 mg/kg/day to a maximum of 100 mg/day beginning 1-2 days before travel to
malarious areas and for 4 weeks after leaving the area. IV (<45 kg) 4.4 mg/kg in 1
or 2 divided doses for 1 day followed by 2.2-4.4 mg/kg/day in 1 or 2 divided
doses, infused at a concentration of 0.1-1 g/L over 1-4 hr; (>45 kg) same as adult
dosage.

Geriatric Dosage. Same as adult dosage.
Other Conditions. No dosage adjustment is necessary in renal impairment.

Dosage Forms. Cap (as hyclate) 20, 50, 100 mg; Tab (as hyclate) 50, 100 mg;
Cap (as monohydrate) 50, 100 mg; Susp (as monohydrate) 5 mg/mL (reconsti-
tuted); Syrup (as calcium) 10 mg/mL; Inj (as hyclate) 100, 200 mg.

Patient Instructions. Take doxycycline by mouth with a full glass of water on an
empty stomach; if stomach upset occurs, the drug may be taken with food or milk
but not with antacids or iron products. Avoid prolonged exposure to direct sun-
light while taking this drug.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 6-8 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Onset and Duration. Duration of protection against travelers’
diarrhea is about 1 week after drug discontinuation.”?

Fate. About 93% is orally absorbed, producing a peak of 3 mg/L (6.5 wmol/L)
2-4 hr after administration of a 200 mg dose; antacids and iron can markedly im-
pair oral absorption; milk causes about a 30% decrease in bioavailability and food
has little effect. Widely distributed in the body, penetrating most cavities includ-
ing CSF (12-20% of serum levels). The drug is 88 + 5% plasma protein bound. V4
is 0.75 £ 0.32 L/kg; Clis 0.032 + 0.01 L/hr/kg. About 41 + 19% is excreted un-
changed in the urine in normal adults; the remainder is eliminated in feces via in-
testinal and biliary secretion,>»2253

ty 16 6 hr in normal adults; slightly prolonged in severe renal impairment.’>%2

Adverse Reactions. IV administration frequently produces phlebitis. Oral doxy-
cycline causes less alteration of intestinal flora than other tetracyclines but can
cause nausea and diarrhea with equal frequency. It binds to calcium in teeth and
bones, which can cause discoloration of teeth in children, especially during
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growth; however, doxycycline has a lower potential for this effect than most other
tetracyclines. In contrast to other tetracyclines, doxycycline is not very antiana-
bolic and will not further increase azotemia in renal failure. Phototoxic skin reac-
tions occur occasionally.2#%20.252

Contraindications. Hypersensitivity to any tetracycline.

Precautions. Not recommended in pregnancy or in children <8 yr because per-
manent staining of the child’s teeth will occur. Use with caution in severe hepatic
dysfunction. The syrup contains sulfites.

Drug Interactions. Antacids containing di- or trivalent cations, bismuth salts, or
zinc salts interfere with absorption of oral tetracyclines. Oral iron salts lower
doxycycline serum levels, even of IV doxycycline, by interfering with absorption
and enterohepatic circulation. Barbiturates, carbamazepine, and phenytoin can en-
hance doxycycline hepatic metabolism, possibly decreasing its effect. Tetracy-
clines can interfere with enterohepatic circulation of contraceptive hormones,
causing menstrual irregularities and possibly unplanned pregnancies. Combined
use of tetracyclines with the bactericidal agents such as penicillins can result in
decreased activity in some infections.

Parameters to Monitor. Check for signs of phlebitis daily during IV use.

Notes. Doxycycline is the tetracycline of choice because it is better tolerated than
other tetracyclines, although tetracyclines are the drugs of choice for very few in-
fections.?**? Each vial contains 480 mg of ascorbic acid per 100 mg of doxycy-
cline hyclate for injection. (See Tetracyclines Comparison Chart.)

TETRACYCLINE AND SALTS Various

Pharmacology. Tetracycline has an antimicrobial spectrum of activity similar to
that of doxycycline. Current uses are for treatment of infection caused by Chlamy-
dia sp., Mycoplasma sp., and Brucella spp.****° It is also used as a treatment for
acne and in some regimens against Helicobacter pylori. (See Gastrointestinal
Drugs, Treatment of Helicobacter pylori Infection in Peptic Ulcer Disease.)

Adult Dosage. PO 1-2 g/day in 2—4 divided doses. Reduce dosage, or preferably
use another drug, in severe renal or hepatic impairment.

Pediatric Dosage. Not recommended <8 yr; PO (>8 yr) 25-50 mg/kg/day in
2-4 divided doses.

Dosage Forms. (See Tetracyclines Comparison Chart.)

Pharmacokinetics. Tetracycline is well absorbed from the GI tract. Multivalent
cations chelate tetracyclines and inhibit absorption; warn patients to avoid concur-
rent antacids, dairy products, iron, or sucralfate. The half-life of tetracycline is
about 10 hr, increasing to as high as 108 hr in anuria.’

Adverse Reactions. GI irritation is frequent and can result in esophageal ulcera-
tion if the drug is taken at bedtime with insufficient fluid. Disruption of bowel
flora occurs frequently and can result in diarrhea, candidiasis, or rarely
pseudomembranous colitis. Antianabolic effects produce elevated BUN, hyper-
phosphatemia, and acidosis in patients with renal failure. Acute fatty infiltration of
the liver with pancreatitis occurs rarely with large (>2 g) IV doses, especially in
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pregnancy; avoid tetracyclines in pregnancy. Do not give tetracyclines to children
<8 yr because of binding of calcium in teeth and resultant discoloration.

Contraindications. (See Doxycycline.)
Precautions. (See Doxycycline.)

Drug Interactions. Oral absorption is markedly inhibited by di- and trivalent
cations (eg, antacids, iron salts). (See also Doxycycline Interactions.)
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TETRACYCLINES COMPARISON CHART

PERCENTAGE
PERCENTAGE HALF-LIFE (HOURS) EXCRETED
DOSAGE ADULT ORAL — UNCHANGED
DRUG FORMS DOSAGE ABSORPTION NORMAL  ANURIA IN URINE COMMENTS

Demeclocycline Cap 150 mg PO 600 mg/day in 66 15 40-60 42 Most phototoxic
Hydrochloride Tab 150, 300 mg. 2-4 divided doses. tetracycline; causes
Declomycin PO for SIADH nephrogenic diabetes

300 mg tid—qid. insipidus rarely.

Doxycycline Cap 20,50,100mg PO 100 mgq 12 hr 93 166 12-22 4 Safest in renal failure
Calcium Tab 50, 100 mg for 2 doses, then because of its lack of

Doxycycline Susp 5 mg/mL 50-100 mg/day in accumulation and lack
Hyclate Syrup 10 mg/mL 1-2 divided doses; of antianabolic effects.

Doxycycline Inj 100, 200 mg. V200 mg in 1-2 di- Well tolerated when
Monohydrate vided doses on day given IV.

Vibramycin 1, then 100-200
Various mg/day.

Minocycline Cap 50, 75,100 mg PO or IV 200 mg 95-100 16+2 11-23 1 Very frequent transient
Hydrochloride Susp 10 mg/mL initially, then vestibular toxicity.
Minocin Inj (IV only) 100 mg. 100mgq 12 hr.

Various
(continued)
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TETRACYCLINES COMPARISON CHART (continued)

PERCENTAGE
HALF-LIFE (HOURS) EXCRETED
DOSAGE ADULT - UNCHANGED
DRUG FORMS DOSAGE NORMAL  ANURIA IN URINE COMMENTS
Oxytetracycline Cap 250 mg PO 1-2 g/day in 2-4 9 47-66 70 Seldom used. IM produces
Oxytetracycline Inj (IM only, con- divided doses; lower serum levels than
Hydrochloride tains 2% lido- IM 250 mg once oral.
Oxytetracycline caine) 50, daily to 300 mg/day
Calcium 125 mg/mL. in 2-3 doses.
Various
Tetracycline Cap 100, 250, PO 1-2 g/day in 106+5 57-108 60 (See monograph.)
500 mg 2—4 divided doses.
Tetracycline Tab 250, 500 mg Top (soln) for acne
Hydrochloride Susp 25 mg/mL apply in the
Various Top Soln 2.2 mg/mL ~ morning and
Top QOint 3%. evening.

From reference 52 and product information.
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Miscellaneous Antimicrobials

ATOVAQUONE Mepron

Pharmacology. Atovaquone is a highly lipophilic hydroxynaphthoquinone with
activity against Pneumocystis carinii, Toxoplasma gondii, and Plasmodium sp. It
is a structural analogue of ubiquinone, a small hydrophobic respiratory chain elec-
tron carrier molecule found in mitochondria. The mechanism of antipneumocystis
activity by atovaquone is unclear but might be inhibition of the mitochondrial
electron transport chain, which inhibits pyrimidine synthesis and leads to inhibi-
tion of nucleic acid and ATP synthesis.*53

Administration and Adult Dosage. PO for PCP treatment 750 mg bid for 21
days; PO for PCP prophylaxis 1.5 g once daily. (See Notes.)

Special Populations. Pediatric Dosage. Safety and efficacy not established.

Geriatric Dosage. (>65 yr) not evaluated, but dosage adjustment appears not to be
necessary.

Other Conditions. Dosage alteration is not required with renal or hepatic impair-
ment.

Dosage Forms. Susp 150 mg/mL.

Patient Instructions. It is extremely important to take this medication with food
to increase absorption; failure to do so might limit response to therapy. Shake the
suspension gently before use.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 68 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Serum Levels. Steady-state serum levels >14 mg/L
(>38 pmol/L) are correlated with survival in patients with PCP; serum levels
<6 mg/L (<16 pmol/L) might be ineffective.”

Fate. Atovaquone exhibits slow, irregular absorption, depending on the formula-
tion. A high-fat meal increases absorption of the suspension 2.3-fold compared
with the fasting state. A peak concentration of 11.5 mg/L (31 wmol/L) is achieved
with a single 750 mg dose of the suspension. Oral administration of 750 mg bid as
the suspension produces a steady-state level of 24 mg/L (65 pwmol/L). More than
99.9% is protein bound, and the drug does not appear to cross the blood-brain bar-
rier well. It appears to undergo enterohepatic cycling with >94% excreted over 21
days in the feces, with no metabolite identified and <0.6% renally excreted.”

ty. 67+ 10 hr.

Adverse Effects. Maculopapular rash occurs frequently, but many patients can
continue atovaquone therapy; in most instances, the rash resolves without seque-
lae. GI disturbances such as abdominal pain, nausea, vomiting, and diarrhea occur
in more than 10% of patients. Fever, headaches, and insomnia also have been re-
ported frequently. Elevations of hepatic transaminases and hyponatremia occur
frequently (1-10% of patients) but do not require cessation of therapy.



182 ANTIMICROBIAL DRUGS

Contraindications. Scvere diarrhea or malabsorption syndrome because pre-
existing diarrhea is associated with poor outcome, presumably as a result of de-
creased absorption and serum levels.

Precautions. Lactation. Consider alternative therapy in patients who cannot take
the drug with food or with GI disorders that might decrease oral absorption.

Drug Interactions. Rifampin can decrease atovaquone serum levels.

Parameters to Monitor. Baseline and periodic liver function tests for patients on
prolonged treatment.

Notes. Use atovaquone only in the treatment of mild to moderate episodes of
PCP. Atovaquone has been used for prevention of PCP in patients who cannot tol-
erate or who have failed other traditional prevention medication; although clinical
trials are ongoing the safety, efficacy, and optimal dosage for this indication are
not well established.

Malarone tablets contain atovaquone 250 mg and proguanil 100 mg/tablet;
Malarone Pediatric Tablets contain atovaquone 62.5 mg and proguanil 25
mg/tablet. Malarone is used for prevention or treatment of chloroquine-resistant
malaria.

CHLORAMPHENICOL AND SALTS Chloromycetin, Various

Pharmacology. Chloramphenicol is a broad-spectrum bacteriostatic antibiotic
isolated from Streptomyces venezuelae and is particularly useful against ampi-
cillin-resistant Haemophilus influenzae, Salmonella sp., rickettsial infections such
as Rocky Mountain Spotted Fever, typhoid fever, most anaerobic organisms, and
many vancomycin-resistant enterococci. It inhibits protein synthesis by binding
the 50S ribosomal subunit and might be bactericidal against some bacteria includ-
ing pneumococci, meningococci, and H. influenzae. Resistance occurs because of
impermeability of the cell wall or bacterial production of chloramphenicol acetyl-
transferase, a plasmid-mediated enzyme that acetylates chloramphenicol into a
microbiologically inert form,2%-230236.257

Administration and Adult Dosage. PO or IV 50-100 mg/kg/day in 4 divided
doses, depending on severity, location, and organism, to a maximum of 4 g/day.
IM not recommended.

Special Populations. Pediatric Dosage. PO or IV (<7 days or <2 kg) 25 mg/kg
once daily; (neonates >7 days and >2 kg) 25 mg/kg q 12 hr; (older infants and
children) 50-100 mg/kg/day given q 6 hr. These regimens produce unpredictable
levels, and serum level monitoring is recommended.”*> IM not recommended.
Geriatric Dosage. Same as adult dosage.

Other Conditions. Reduce dosage with impaired liver function as guided by serum
levels; no alteration necessary in impaired renal function.?>*

Dosage Forms. Cap 250 mg; Inj (as sodium succinate) 1 g (100 mg/mL when re-
constituted); Ophth Oint 10 mg/g; Ophth Pwdr for Soln 25 mg/vial; Ophth
Soln 5 mg/mL.

Pharmacokinetics. Serum Levels. Therapeutic peak 10-20 mg/L; therapeutic
trough 5-10 mg/L. (See Adverse Reactions.)
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Fate. Well absorbed orally with 75-90% bioavailability and a peak serum level of
12 mg/L after administration of 1 g to adults. IV 1 g produces levels of 5-12 mg/L
(15-37 pmol/L) 1 hr after administration to normal adults. In infants and young
children, hydrolysis of succinate to the active form can be slow and incomplete.
IM administration produces serum levels of active drugs that are 50% lower than
the equivalent oral dose. The drug attains therapeutic levels in most body cavities,
the eye, and CSF; it is 53% plasma protein bound. Vg is 0.94 + 0.06 L/kg; Cl is
0.14 £ 0.01 L/hr/kg. Most of the drug is eliminated by glucuronidation in the liver
followed by excretion in the urine; the remainder is excreted in the urine un-
changed. The rate of glucuronidation and renal elimination is greatly reduced in
neonates; 6.5-80% of succinate can be excreted unhydrolyzed. Urine concentra-
tions can be inadequate to treat UTIs, especially in patients with moderately to se-
verely impaired renal function. A small amount (2-4%) of a dose appears in the
bile and feces, mostly as the glucuronide.’>*

ty. 4 2 hrin healthy adults;* extremely prolonged and variable in neonates, in-
fants, and young children. Unpredictable in patients with impaired liver function.
Some normal patients and patients with impaired renal function exhibit impaired
free drug elimination.

Adverse Reactions. Serum levels >25 mg/L (>77 wmol/L) frequently produce re-
versible bone marrow depression with reticulocytopenia, decreased hemoglobin,
increased serum iron and iron-binding globulin saturation, thrombocytopenia, and
mild leukopenia.”® The drug inhibits iron uptake by bone marrow, and anemic pa-
tients do not respond to iron or vitamin B, therapy while receiving chlorampheni-
col. This anemia most often follows parenteral therapy, large dosages, long dura-
tion of therapy, or impaired drug elimination. Complete recovery usually occurs
within 1-2 weeks after drug discontinuation. Aplastic anemia occurs rarely
(1/12,000 to 1/50,000) and can be fatal. It is not dose related and can occur long
after a short course of oral or parenteral therapy;> its occurrence after ophthalmic
or parenteral use is controversial.?® Fatal cardiovascular-respiratory collapse
(gray syndrome) can develop in neonates given excessive dosages. This syndrome
is associated with serum levels of about 50-100 mg/L (155-310 pmol/L).>* A
similar syndrome has been reported in children and adults given large overdoses.

Contraindications. Trivial infections; prophylactic use; uses other than those for
which it is indicated.

Precautions. Pregnancy; lactation. Use with caution in patients with liver disease
(especially cirrhosis, ascites, and jaundice) or pre-existing hematologic disorders
or patients receiving other bone marrow depressants. It can cause hemolytic
episodes in patients with G-6-PD deficiency; observe dosage recommendations
closely in neonates and infants.

Drug Interactions. Chloramphenicol inhibits CYP2C9 and increases serum con-
centrations of phenytoin, warfarin, and sulfonylurea oral hypoglycemic agents.
Phenytoin, phenobarbital, and rifampin can decrease serum levels of chloram-
phenicol.

Parameters to Monitor. CBC with platelet and reticulocyte counts before and
frequently during therapy; serum iron and iron-binding globulin saturation also



184 ANTIMICROBIAL DRUGS

might be useful. Liver and renal function tests before and occasionally during
therapy. Monitor serum levels weekly because of variability in Pharmacokinetics.
More frequent monitoring might be necessary in patient with hepatic dysfunction
and during long-term (>2 weeks) therapy.

CLINDAMYCIN SALTS Cleocin, Various

Pharmacology. Clindamycin is a semisynthetic 7-chloro, 7-deoxylincomycin de-
rivative that is active against most Gram-positive organisms except enterococci
and Clostridium difficile. Gram-negative aerobes are resistant, but most anaerobes
are sensitive. It inhibits bacterial protein synthesis by binding to the 50S riboso-
mal subunit; it is bactericidal or bacteriostatic depending on the concentration, or-
ganism, and inoculum,2602¢!

Administration and Adult Dosage. PO 150-450 mg q 6-8 hr; PO for prevention
of endocarditis in patients at risk undergoing dental, oral, or upper respira-
tory tract procedures and who are allergic to penicillin 600 mg 1 hr before
procedure.”’® IM or IV 600 mg—2.7 g/day in 24 divided doses, to a maximum of
4.8 g/day. IV for endocarditis prophylaxis 600 mg within 30 min before a dental
procedure. Single IM doses >600 mg are not recommended; infuse IV no faster
than 30 mg/min. Top for acne apply bid. Vag for bacterial vaginosis 1 applica-
torful hs for 7 days.

Special Populations. Pediatric Dosage. PO (<10 kg) give no less than 37.5 mg q
8 hr; (>10 kg) 8-25 mg/kg/day in 3 or 4 divided doses; PO for endocarditis pro-
phylaxis 20 mg/kg 1 hr before a dental procedure. IM or IV (<1 month) 15-20
mg/kg/day in 3 or 4 divided doses; the lower dosage may be adequate for prema-
ture infants; (>1 month) 15-40 mg/kg/day in 3 or 4 divided doses (not less than
300 mg/day in severe infection, regardless of weight). IV for endocarditis pro-
phylaxis 20 mg/kg within 30 min before a dental procedure.

Geriatric Dosage. Same as adult dosage.

Other Conditions. Dosage adjustment is unnecessary in renal impairment or cirrho-
sis, although the effect of acute liver disease is unknown 23260262

Dosage Forms. Cap (as hydrochloride) 75, 150, 300 mg; Soln (as palmitate)
15 mg/mL (reconstituted); Inj (as phosphate) 150 mg/mL; Top Seoln (as phos-
phate) 1%; Top Gel (as phosphate) 1%; Vag Crm 2%.

Patient Instructions. Report any severe diarrhea or blood in the stools immedi-
ately and do not take antidiarrheal medication. Do not refrigerate the reconstituted
oral solution because it will thicken.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 46 hours between doses. Do not double the dose or take extra.

Pharmacokinetics. Fate. Absorption is nearly 87% and is the same from the cap-
sule or the solution; food can delay, but not decrease, absorption. The palmitate
and phosphate esters are absorbed intact and rapidly hydrolyzed to the active base.
Unhydrolyzed phosphate ester usually constitutes <20% of the total peak serum
level after parenteral clindamycin but can increase to 40% in patients with im-
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paired renal function. A 500 mg oral dose produces a peak serum level of
5-6 mg/L (12-14 pmol/L) in 1 hr. A 300 mg IM dose produces a peak level of
5-6 mg/L 1-2 hr postinjection. A 600 mg IV dose infused over 30 min produces a
peak serum level of 10 mg/L (23 wmol/L). The drug is widely distributed through-
out the body except the CSF. It is 94% plasma protein bound; Vg is 1.1 + 0.3 L/kg;
Cl is 0.28 + 0.08 L/hr/kg. There is hepatic metabolism and excretion of active
forms in the bile. From 5% to 10% of the absorbed dose is recovered as un-
changed drug and active metabolites in the urine within 24 hr,32253.260.263

t. 2.9+ 0.7 hr; increased in premature infants;*> unchanged or slightly increased
in severe renal disease; might be increased or unchanged in liver disease.?®!

Adverse Reactions. After oral administration, anorexia, nausea, vomiting, cramps,
and diarrhea occur frequently.”>?0262 QOral and rarely parenteral clindamycin
can cause severe, sometimes fatal, pseudomembranous colitis (PMC), which
might be clinically indistinguishable at onset from non-PMC diarrhea.”®® Antibiotic-
associated PMC is secondary to overgrowth of toxin-producing Clostridium diffi-
cile. Symptoms usually appear 2-9 days after initiation of therapy. PMC has been
reported after topical administration.”®> PMC is terminated in many patients by
discontinuing the antibiotic immediately; however, if diarrhea is severe or does
not improve promptly after discontinuation, treat with oral metronidazole or van-
comycin.22! The value of corticosteroids, cholestyramine, and antispasmodics
in the management of antibiotic-associated diarrhea and PMC has not been estab-
lished.2® Antidiarrheals such as diphenoxylate or loperamide may worsen PMC
and should not be used.

Precautions. Pregnancy; lactation. Use with caution in neonates <4 weeks of age
and in patients with liver disease. Discontinue immediately if severe diarrhea oc-
curs. Drug accumulation might occur in patients with severe concomitant hepatic
and renal dysfunction, but data are lacking.

Drug Interactions. Clindamycin might enhance the action of nondepolarizing
neuromuscular blocking agents. Kaolin-pectin mixture delays but does not de-
crease oral absorption of clindamycin.

Parameters to Monitor. Observe for changes in bowel frequency.

Notes. Oral solution is stable for 2 weeks at room temperature after reconstitu-
tion; do not refrigerate.

LINEZOLID Zyvox

Pharmacology. Linezolid belongs to a new class of anti-infective agents known
as oxazolidinones. It inhibits protein synthesis by binding to the bacterial 23S ri-
bosomal RNA of the 50S subunit and prevents the formation of a functional 70S
initiation complex inhibiting bacterial translation. It has bacteriostatic activity
against staphylococci and enterococci including vancomycin-resistant Enterococ-
cus faecium and faecalis and bactericidal activity against most streptococcal
strains. In vitro the spectrum also includes certain Gram-negative and anaerobic
organisms. Linezolid is a reversible, nonselective inhibitor of monoamine oxi-
dase. 2

Administration and Adult Dosage. PO or IV 400-600 mg q 12 hr.
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Special Populations. Pediatric Dosage. Safety not established in infants and chil-
dren. PO or IV a dosage of 10 mg/kg q 12 hr has been used.

Geriatric Dosage. Same as adult dosage.

Other Conditions. No dosage adjustment necessary in renal or hepatic insuffi-
ciency.

Dosage Forms. Tab 400, 600 mg; Inj 2 mg/mL; Susp 20 mg/mL.

Patient Instructions. This drug may be taken without regard to meals. Avoid
concurrent use of diet pills and cough-and-cold remedies and restrict consumption
of aged foods high in tyramine. (See Foods That Interact with MAO Inhibitors
Chart in the Antidepressants chapter.)

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.

Pharmacokinetics. Fate. Rapidly absorbed orally; bioavailability is approxi-
mately 100% and not affected by food. A single dose of 600 mg achieves a peak
of 12.7 mg/L when administered orally and 12.9 mg/L IV. Plasma protein binding
is 31% and linezolid is readily distributed into well-perfused tissues. Linezolid is
primarily metabolized by oxidation. Nonrenal clearance accounts for approxi-
mately 65% of the total clearance. Children appear to have a higher average clear-
ance.

ty. 4.7-5.4 hr in adults.

Adverse Reactions. Adverse reactions are usually mild to moderate and the most
commonly reported are diarrhea, headache, and nausea. Occasional reactions are
oral and vaginal candidiasis, hypertension, dyspepsia, abdominal pain, pruritus,
and tongue discoloration. Treatment periods beyond 28 days have not been evalu-
ated and are not recommended.

Precautions. Pregnancy; lactation. Linezolid can lead to pseudomembranous col-
itis, so it is an important consideration if patients present with diarrhea. Avoid
large quantities of food containing tyramine (>100 mg/meal) with linezolid. Use
caution with pre-existing myelosuppression, other drugs that cause myelosuppres-
sion, or chronic infection with previous or concomitant antibiotic therapy. Myelo-
suppression (including anemia, leukopenia, pancytopenia and thrombocytopenia)
has been reported; consider discontinuing therapy if this occurs or worsens.
Myelosuppression is usually reversible after drug discontinuation.

Drug Interactions. Linezolid is not metabolized by cytochrome P450 and does
not inhibit or induce the activities of clinically important CYP isoforms. By in-
hibiting MAO, it can interact with adrenergic and serotonergic agents such as
phenylpropanolamine and pseudoephedrine; reduce initial doses of epinephrine
and dopamine and titrate to response.

Parameters to Monitor. CBC with platelet counts before and during weekly ther-
apy.

Notes. Although the drug is effective for many types of infections, it should gen-
erally be reserved for treating resistant organisms.
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METRONIDAZOLE Flagyl, MetroGel, Various

Pharmacology. Metronidazole is a synthetic nitroimidazole active against Tri-
chomonas vaginalis (trichomoniasis), Entamoeba histolytica (amebiasis), and Gi-
ardia lamblia (giardiasis); it is bactericidal against nearly all obligate anaerobic
bacteria including Bacteroides fragilis. It is inactive against aerobic bacteria and
requires microbial reduction by a nitroreductase enzyme to form highly reactive
intermediates that disrupt bacterial DNA and inhibit nucleic acid synthesis, lead-
ing to cell death.”®

Administration and Adult Dosage. PO or IV for anaerobic infections 15 mg/kg
(usually 1 g) initially, followed by 7.5 mg/kg (usually 500 mg) q 6-8 hr, to a max-
imum of 2 g/day. Infuse each IV dose over 1 hr. PO for antibiotic-associated
colitis 250 mg qid for 7-10 days.” (See Notes.) PO for trichomoniasis 2 g as a
single dose or in 2 doses on the same day, or 500 mg bid for 7 days.'* PO for gia-
rdiasis 250 mg tid for 5 days. (See Notes.)*> PO for symptomatic intestinal
amebiasis (amebic dysentery) 750 mg tid for 10 days. PO for extraintestinal
amebiasis 750 mg tid for 10 days;?> some practitioners include a drug effective
against the intestinal cyst form because occasional failures with metronidazole
therapy have been reported. PO for bacterial vaginosis 500 mg bid for 7 days, or
2 g as a single dose.'” Vag for bacterial vaginosis 1 applicatorful (5 g) bid for 5
days. Top for rosacea apply bid.

Special Populations. Pediatric Dosage. IV for anaerobic infections (preterm in-
fants) 15 mg/kg once, then 7.5 mg/kg q 24-48 hr; (term infants) 15 mg/kg once,
then 7.5 mg/kg q 12-24 hr; (infants >1 week old and children) same as adult
mg/kg dosage. PO for giardiasis 15 mg/kg/day in 3 divided doses for 5 days, to a
maximum of 750 mg/day. (See Notes.) PO for amebic dysentery or extraintesti-
nal amebiasis 35-50 mg/kg/day in 3 divided doses for 10 days, to a maximum of
2.5 g/day.

Geriatric Dosage. (>65 yr) decreased clearance can result in accumulation of the

drug. Dosage reduction or changing dosage interval to once or twice daily are rea-
sonable modifications to avoid potential adverse reactions.”%

Other Conditions. No dosage alteration required with renal impairment. Patients
with substantial liver dysfunction metabolize metronidazole slowly, with resultant
accumulation of metronidazole and its metabolites in the serum. For such patients,
it has been suggested that dosage intervals be increased to 12-24 hr, although spe-
cific guidelines are not available.?®®

Dosage Forms. Cap 375 mg; SR Tab 750 mg; Tab 250, 500 mg; Inj 500 mg;
Crm 1%; Top Gel 0.75%; Vag Gel 0.75%.

Patient Instructions. This drug may be taken with food to minimize stomach
upset. It can cause a harmless dark discoloration of the urine and metallic taste in
the mouth. Nausea, vomiting, flushing, and faintness can occur if alcohol is taken
during therapy with this drug.

Missed Doses. Take this drug at regular intervals. If you miss a dose, take it as
soon as you remember. If it is about time for the next dose, take that dose only.
Leave at least 4-6 hours between doses. Do not double the dose or take extra.
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Pharmacokinetics. Serum Levels. Not used clinically.

Fate. TV 500 mg q 12 hr over 1 hr produces steady-state peak and trough levels of
23.6 mg/L (138 wmol/L) and 6.7 mg/L (39 wmol/L), respectively. IV 500 mg q 8
hr over 1 hr produces steady-state peak and trough levels of 27.4 mg/L
(160 pwmol/L) and 15.5 mg/L (91 wmol/L), respectively. Well absorbed orally
with levels similar to those after IV infusion; 250 and 500 mg doses produce peak
concentrations of 4-6 mg/L (23-35 pmol/L) and 10-13 mg/L (58-76 pmol/L),
respectively, at 1-2 hr in adults. Bioavailability of vaginal gel is 53-58%. Less
than 20% plasma protein bound; wide distribution with therapeutic levels in many
tissues, including abscesses, bile, bone, breast milk, CSF, and saliva. V4 is 0.85
0.25 L/kg; Clis 0.07 + 0.02 L/hr/kg. Extensively metabolized in the liver by hy-
droxylation, oxidation, and glucuronide formation; 44-80% excreted in the urine
in 24 hr, about 6-18% as unchanged drug.?6>266

ty. 6-10 hr in adults; not increased with impaired renal function; prolonged vari-
ably with severe hepatic impairment,32263266

Adverse Effects. Metallic taste in mouth and GI complaints occur frequently with
high dosages. Occasional dizziness, vertigo, and paresthesias have been reported
with very high dosages. Reversible mild neutropenia reported occasionally.?%-263
Reversible, rare, but severe peripheral neuropathy can occur with high dosages
given over prolonged periods. Antibiotic-associated colitis has been reported
rarely with oral metronidazole. The IV preparation is occasionally associated with
phlebitis at the infusion site. Experimental production of tumors in some rodent
species and mutations in bacteria have raised concern regarding potential carcino-
genicity; to date, human epidemiologic research has not detected an appreciable
risk, although more data are needed.?®

Contraindications. First trimester of pregnancy, although there is no direct evi-
dence of teratogenicity in humans or animals.2%

Precautions. Pregnancy; lactation; active CNS disease or neutropenia; hepatic
impairment.

Drug Interactions. Disulfiram-like reactions are reported with concurrent alcohol
use but are uncommon. Confusion and psychotic episodes have been reported
with concurrent disulfiram; avoid this combination, if possible. Metronidazole in-
hibits CYP2C9, CYP3A3/4, and CYP3AS5-7 and can affect the metabolism of
many drugs; the best documented is an enhanced hypoprothrombinemic response
to warfarin. Phenytoin metabolism also might be inhibited. It is also a substrate of
CYP2C9.

Parameters to Monitor. Before and after the completion of any lengthy or re-
peated courses of therapy, monitor WBC count. Monitor signs of toxicity in pa-
tients with severe liver disease.’%

Notes. The treatment of asymptomatic trichomoniasis is controversial. Signs of
endocervical inflammation or erosion on physical examination are considered an
indication for treatment. Also, most practitioners treat asymptomatic male con-
sorts because lack of such treatment might be a cause of treatment failure or recur-
rent infection of the female partner.'® Metronidazole has been used in combina-
tion regimens to treat Helicobacter pylori-infected patients with duodenal or
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gastric ulcers. (See Gastrointestinal Drugs, Treatment of Helicobacter pylori in
Peptic Ulcer Disease Comparison Chart.) Although it is slightly less effective than
vancomycin, metronidazole is considered by some to be the drug of choice for
antibiotic-associated pseudomembranous colitis because of its lower cost®’ and the
emergence of vancomycin-resistant enterococci.

NITROFURANTOIN Macrodantin, Macrobid, Various

Pharmacology. Nitrofurantoin is a synthetic nitrofuran that is active against most
bacteria that cause UTIs except P. aeruginosa, Proteus sp., many Enterobacter
sp., and Klebsiella spp. The drug is used primarily to prevent recurrent UTIs but is
also effective in the treatment of uncomplicated UTIs.?®

Adult Dosage. PO for UTI (macrocrystals) 50-100 mg qid with meals and hs for
treatment; (Macrobid) 100 mg bid for 7 days. PO for chronic suppression
50-100 mg hs. The drug should be taken with food.

Pediatric Dosage. PO for treatment of UTI 5-7 mg/kg/day in 4 divided doses,
to a maximum of 400 mg/day; PO for chronic UTI suppression 1 mg/kg/day in
1-2 doses, to a maximum of 100 mg/day.

Dosage Forms. Cap (macrocrystals) 25, 50, 100 mg; Susp 5 mg/mL; Cap 100 mg,
containing 25 mg as macrocrystals and 75 mg in an SR form (Macrobid).

Pharmacokinetics. Well absorbed orally; however, serum and extraurinary tissue
concentrations are subtherapeutic. About 60% of drug is metabolized to inactive
metabolites; 25-35% is excreted in urine with a urine concentration of about
200 mg/L from an average dose.

Adverse Reactions. Adverse effects are primarily nausea, vomiting, and diarrhea
and are dose related; use of the macrocrystalline form and administration with
food can minimize GI distress. Hypersensitivity reactions such as rash occur only
rarely. Acute allergic pneumonitis is reversible with discontinuation of therapy.
Chronic interstitial pulmonary fibrosis also occurs occasionally with long-term
therapy and might be irreversible. Ascending polyneuropathy associated with pro-
longed high-dose therapy or use of the drug in renal failure is only slowly re-
versible. Intravascular hemolysis can occur in patients with severe G-6-PD defi-
ciency. Although the drug is mutagenic in mammalian cells, there is no clinical
evidence of carcinogenicity or teratogenicity.

PENTAMIDINE ISETHIONATE Pentam 300, NebuPent

Pharmacology. Pentamidine is an aromatic diamidine used in the treatment of
trypanosomiasis and PCP. Pentamidine inhibits dihydrofolate reductase, interferes
with anaerobic glycolysis, inhibits oxidative phosphorylation, and limits nucleic
acid and protein synthesis, but the mechanism by which pentamidine kills
P. carinii is unclear.’®®

Administration and Adult Dosage. IV (preferred) or IM 3-4 mg/kg/day as a
single dose for 2-3 weeks; infuse IV over 60 min. Inhal for PCP prophylaxis in
high-risk HIV-infected patients 300 mg q 4 weeks via Respirguard II nebulizer.
(See Notes.)

Special Populations. Pediatric Dosage. Same as adult dosage.
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Geriatric Dosage. Same as adult dosage.

Other Conditions. Dosage adjustment does not appear necessary in renal impair-
ment.2”°

Dosage Forms. Inj 300 mg; Inhal 300 mg.
Pharmacokinetics. Serum Levels. Not used clinically.

Fate. Negligible oral absorption. Peak serum levels of 0.5-3 mg/L (1.5-
8.8 wmol/L) occur after 4 mg/kg IV infusion. Serum levels are very low after in-
halation (<0.1 mg/L). About 70% plasma protein bound; distributed widely in tis-
sues, with highest concentrations found in spleen, liver, kidneys, and adrenal
glands. V. is 3 L/kg; terminal Vg is 190 + 70 L/kg; Cl is 1.08 + 0.42 L/hr/kg.
There are no data on the effects of liver impairment. Less than 20% of a dose is
excreted unchanged in urine.’>*"!

1. o phase 1.2 + 0.6 hr; terminal elimination half-life is up to 29 + 25 days, sug-
gesting rapid tissue uptake with slow release and subsequent urinary excretion.””

Adverse Reactions. With IV administration, nephrotoxicity occurs in up to 25%
of patients, hypoglycemia in up to 27%, and hypotension in up to 10% of patients.
Fever, rash, leukopenia, and liver damage occur occasionally. Hyperglycemia,
type 1 diabetes mellitus, and pancreatitis have been reported. Pentamidine-
induced torsades de pointes occurs rarely. IM injection frequently produces pain
and abscess formation at the injection site. With aerosolized pentamidine, re-
versible bronchoconstriction and unpleasant taste occur frequently. Severe ad-
verse reactions are less frequent, but reports of pancreatitis, hypoglycemia, and
cutaneous eruptions have occurred rarely, suggesting some systemic absorption.”®

Precautions. Use with caution in diabetes mellitus.

Drug Interactions. IV pentamidine can increase the risk of hypocalcemia with
foscarnet; avoid this combination, if possible, although inhaled pentamidine does
not seem to be a risk factor.

Parameters to Monitor. Obtain serum glucose, Cr,, BUN, liver function tests,
electrolytes, and CBC and platelet counts daily. Monitor blood pressure after ad-
ministration.

Notes. Concomitant therapy with pentamidine and trimethoprim-sulfamethoxa-
zole appears to offer no benefit and might be additively toxic. There is concern
about occupational exposure with inhalation therapy. No studies have determined
the health effects of exposure to pentamidine itself; however, transmission of tu-
berculosis to health care workers has been attributed in part to the use of
aerosolized pentamidine among clinic patients coinfected with HIV and tubercu-
losis. Health care workers administering aerosolized pentamidine should wear
masks and protective eye wear.’®’

QUINUPRISTIN AND DALFOPRISTIN Synercid

Pharmacology. Quinupristin and dalfopristin are streptogramin antibiotics that
are naturally occurring compounds isolated from Streptomyces pristinaspiralis.
Quinupristin, a derivative of pristinamycin IA, and dalfopristin, a derivative of
pristinamycin IIA, are combined in a fixed ratio of 30:70 (w/w). This combination
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inhibits protein synthesis by sequential binding to the 50S subunit of bacterial ri-
bosomes; its synergistic activity can be caused by binding of dalfopristin, altering
conformation of the ribosome such that its affinity for quinupristin is increased.
Individually, pristinamycin I and II are bacteriostatic, but in combination they are
bactericidal against Gram-positive bacteria, including MRSA. Synergy has been
reported with vancomycin against MRSA and multiply resistant enterococci. It
also has activity against anaerobic organisms, but most Gram-negative organisms
such as the Enterobacteriacae, Acinetobacter spp., and P. aeruginosa are
resistant.’>?’* Although the drug is effective for many types of infections, it
should generally be reserved for treating resistant organisms such as vancomycin-
resistant Enterococcus faecium. It has no activity against Enterococcus faecalis.

Adult Dosage. IV 7.5 mg/kg (of the combination) q 8-12 hr infused in D5W over
60 min. Consider reducing dosage in patients with hepatic impairment who do not
tolerate the usual dosage. However, specific guidelines have not been established.

Dosage Forms. Inj 500 mg (quinupristin 150 mg and dalfopristin 350 mg)/10 mL
vial.

Pharmacokinetics. The pharmacokinetics are complex and not fully elucidated.
Peak concentrations are 2.4-2.8 mg/L (2.3-2.7 wmol/L) for quinupristin and
6.2-7.2 mg/L (9-10.4 pmol/L) for dalfopristin after a 7.5 mg/kg dose in healthy
volunteers. Quinupristin is about 90% protein bound and dalfopristin is 10-36%
bound in vitro. Clearance of both drugs decreases with repeated doses and in
obese patients. Dalfopristin might have an active metabolite. Both drugs are elimi-
nated primarily in feces, with only about 15-20% excreted unchanged in urine.
Half-lives are about 1 hr for quinupristin and 0.5-1 hr for dalfopristin, both possi-
bly increased in cirrhosis.

Adverse Reactions. Mild to moderate local reactions of itching, pain, and burn-
ing at the injection site are frequent and often lead to drug discontinuation. To
avoid such side effects, administer the drug through a central venous catheter.
Nausea, vomiting, diarrhea, and headache also have been reported frequently. Oc-
casionally, reversible myalgia and arthralgia occur and liver function tests are in-
creased.

Drug Interactions. Quinupristin/dalfopristin inhibits CYP3A4 and markedly im-
pairs cyclosporine clearance, requiring cyclosporine dosage reduction.

TELITHROMYCIN (Investigational—Aventis) Ketek

Pharmacology. Telithromycin is a ketolide antibiotic, a class similar to
macrolides with a similar mechanism of action. It has good activity against Gram-
positive organisms, especially respiratory pathogens such as S. aureus, S. pneumo-
niae, H. influenzae, M. catarrhalis and some atypical organisms and anaerobes. It
is active against some macrolide-resistant Gram-positive cocci.

Adult Dosage. PO for community-acquired pneumonia 800 mg once daily. No
change required in renal or hepatic dysfunction.

Dosage Forms. Tab (investigational).
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Pharmacokinetics. Following an 800 mg oral dose, a peak level of 2.3 mg/L oc-
curs in 1 hr. It is primarily metabolized in the liver and about 18% is excreted un-
changed in urine. Terminal half-life is about 10 hours with single doses, and about
13 hr with multiple doses.

Adverse Reactions. The most frequent adverse reactions are nausea, diarrhea and
GI pain similar to the macrolides. Elevated LFTs and hepatoxicity reported.

TRIMETHOPRIM Proloprim, Trimpex, Various

Pharmacology. Trimethoprim is a synthetic folate-antagonist antibacterial. (See
Trimethoprim and Sulfamethoxazole.) Trimethoprim is effective in acute UTL It
has a potential advantage over the sulfa-containing combination in patients with
allergy or toxicity attributed to sulfonamides; however, the relative potential for
trimethoprim alone to permit the development of resistance is undetermined. Used
alone, trimethoprim is ineffective against Pneumocystis carinii, but in combina-
tion with dapsone (a sulfone), it is effective in treating mild to moderate
PCPp 246247

Adult Dosage. PO for uncomplicated acute UTI 200 mg/day in 1 or 2 doses for
10 days. PO for the treatment of mild to moderate (PaO, >60 mm Hg) PCP
20 mg/kg/day in 3 or 4 divided doses with dapsone 100 mg once daily.

Dosage Forms. Tab 100, 200 mg; Soln 10 mg/mL.

Pharmacokinetics. Trimethoprim is rapidly absorbed orally. A 100 mg dose
yields a serum concentration of 1 mg/L (3.4 wmol/L) 1-4 hr after the dose. It is
40% plasma protein bound and 50-60% is excreted unchanged in urine. Half-life
is 8-10 hr with normal renal function.

Adverse Reactions. Occasional adverse effects are mild thrombocytopenia, nau-
sea, fever, and rash; the frequency appears to be dose related. Methemoglobine-
mia and dose-related hemolysis have occurred in patients with G-6-PD deficiency
receiving dapsone with trimethoprim; it is important to check G-6-PD status be-
fore initiating combination therapy.

TRIMETREXATE Neutrexin

Pharmacology. Trimetrexate is a lipophilic analogue of methotrexate that inhibits
dihydrofolate reductase, leading to the disruption of purine biosynthesis. It has ac-
tivity against Pneumocystis carinii and Toxoplasma gondii and has demonstrated
modest efficacy against a number of malignancies. It is approved for the treatment
of moderate to severe PCP in immunocompromised patients and has been used in-
vestigationally in advanced solid tumors alone or in combination with fluo-
rouracil and leucovorin.””>"7

Adult Dosage. IV for moderate to severe PCP 45 mg/m%day infused over
60-90 min for 21 days. Give IV or PO calcium leucovorin 20 mg/m? q 6 hr con-
comitantly and continue it for 3 days after the end of trimetrexate administration.
IV for colorectal cancer 110 mg/m? on day 1, followed by leucovorin 200 mg/m>
and a fluorouracil-leucovorin regimen on day 2. IV for advanced urogenital
cancer 8 mg/m%day for 5 days q 3 weeks.””® Reduce dosage by 50% in patients
with Cry >1.6 mg/dL.
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Dosage Forms. Inj 25 mg.

Pharmacokinetics. Trimetrexate has at least 2 metabolites, both of which inhibit
dihydrofolate reductase. It is eliminated primarily by hepatic metabolism; less
than one-third is excreted unchanged in urine. The elimination half-life is 4-12 hr
in patients with AIDS and PCP and 8-26 hr in patients with cancer.

Adverse Reactions. The primary toxicity is myelosuppression (neutropenia,
thrombocytopenia, and anemia); myelosuppression is minimized with concurrent
administration of calcium leucovorin. Hypoalbuminemia ((<3.5 g/dL) or hypopro-
teinemia (<6 g/dL) increase the risk of severe or life-threatening myelosuppres-
sion, presumably because of increased unbound drug levels.”” Elevated liver
function tests, fever, rash, peripheral neuropathy, mucositis, and nausea or vomit-
ing occur frequently. Hypersensitivity reactions and seizures are reported rarely.

VANGCOMYCIN HYDROGHLORIDE Vancocin, Various

Pharmacology. Vancomycin is a glycopeptide that binds irreversibly to the cell
wall in a manner slightly different from -lactams. Many Gram-positive cocci and
bacilli, including MRSA and Clostridium difficile, are inhibited. Most Gram-
negative bacteria are resistant, and vancomycin-resistant enterococci have been
reported in association with overuse of vancomycin.”** Glycopeptide intermedi-
ately resistant S. aureus have been reported.

Administration and Adult Dosage. IV 20-30 mg/kg/day (usually 2 g/day) in 2-4
divided doses as a dilute infusion over 1-2 hr. PO for staphylococcal enterocoli-
tis 2 g/day in 24 divided doses. PO for antibiotic-associated colitis 125-500
mg q 6 hr for 7-10 days; retreat with a longer course if relapse occurs. (See
Notes.) Not for IM use.

Special Populations. Pediatric Dosage. IV (neonates) 20 mg/kg/day; (older in-
fants and children) 40 mg/kg/day in 2—4 divided doses. PO 10-50 mg/kg/day in 4
divided doses. Not for IM use.

Geriatric Dosage. Same as adult dosage but adjust for age-related reduction in
renal function.

Other Conditions. Adjust dosage carefully in renal impairment; CI is directly re-
lated to Cli.. Anuric patients on hemodialysis have been given the usual dose q
3-7 days. Dosage adjustment is unnecessary in liver disease.

Dosage Forms. Cap 125, 250 mg; Susp 1, 10 g; Inj 500 mg, 1, 5, 10 g.

Patient Instructions. Report pain at infusion site, dizziness, or fullness or ringing
in ears with intravenous use; nausea or vomiting with oral use.

Missed Doses. (Oral) if you miss a dose, take it as soon as you remember. If it is
about time for the next dose, take that dose only.

Pharmacokinetics. Serum Levels. Therapeutic range is not well defined. Ototox-
icity has been associated with high serum concentrations but has been noted at
lower levels. 2! Peaks thought to be associated with efficacy are 20-40 mg/L
(14-28 pwmol/L); troughs >15 mg/L (>10 wmol/L) might be excessive.

Fate. Oral absorption is negligible, although appreciable serum levels can be
observed in patients with renal dysfunction receiving oral vancomycin for
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C. difficile-induced antibiotic-associated colitis. Fecal concentrations with PO
500 mg q 6 hr reach 3 mg/g. IV 500 mg produces serum levels of 6-10 mg/L
(4-7 pmol/L) in 1 hr. Plasma protein binding is 30 + 10%. The drug is widely dis-
tributed, except into the CSF, although some success has been reported in the
treatment of meningitis, particularly in children. V. is 0.1-0.15 L/kg; Vq4_is 0.39 +
0.06 L/kg; Cl is 0.084 L/hr/kg with normal renal function. In renal impairment, C1
(in mL/min) can be estimated as [0.79 X Cl, (in mL/min)] + 3.5. Metabolism and
biliary excretion are negligible; 80-90% is excreted unchanged in the urine within
48 hr.52*282

ty. B phase 5.6 + 1.8 hr, 6-10 days with renal impairment. No change with hep-
atic disease.”>?"

Adverse Reactions. Chills, fever, nausea, and phlebitis can occur frequently, es-
pecially with direct injection of undiluted drug (not recommended). Rapid infu-
sion can cause transient systolic hypotension.”®> The “red man” or “red neck” syn-
drome of erythema, pruritus, and localized edema is associated with histamine
release caused by rapid infusions of doses 2500 mg; it often does not occur or is
less severe with subsequent doses.?$* Extravasation causes local tissue necrosis.
Ototoxicity (auditory and vestibular) and possibly nephrotoxicity occur but have
not been definitely linked to high serum levels.?®'?%> Eosinophilia, neutropenia,
and urticarial rashes have been reported frequently. Side effects of vancomycin
might not be as prevalent today as in the past, perhaps because of changes in the
manufacturing process that eliminated some impurities.?$

Precautions. Pregnancy. Use with caution in patients with impaired renal func-
tion or pre-existing hearing loss or in those receiving other ototoxic or nephro-
toxic agents.

Drug Interactions. Administration with an aminoglycoside can increase the risk
of nephrotoxicity.?

Parameters to Monitor. With IV use, obtain initial renal function tests and repeat
twice weekly during therapy. Routine monitoring of serum levels in patients with
normal renal function is not recommended because it has questionable value, but
is often performed.”® Check for signs of phlebitis daily.

Notes. An alternative agent for treatment or prophylaxis of staphylococcal or
streptococcal infections when a less toxic agent is inappropriate (eg, penicillin or
cephalosporin allergy, or resistant organisms) or has not produced an adequate
therapeutic response. Use of vancomycin in antibiotic-associated colitis is becom-
ing less desirable because of the emergence of vancomycin-resistant enterococci.
Reserve vancomycin for cases refractory to metronidazole.”®’
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Antineoplastics

Antineoplastics. The agents included in this section are those having widespread
use in cancer chemotherapy. Agents with therapeutic importance in small patient
populations are not included.

Information on the dosage of these drugs has largely been determined empiri-
cally, and clinical investigations are continually being performed to find safer and
more effective dosage regimens. Thus, dosages in this section should only be con-
sidered as guidelines based on the most widely accepted usage at the time of this
writing. Because space does not permit detailed discussions of the toxicity, dosage
regimens, and other aspects of these drugs, the reader should become familiar with
specific agents before initiating treatment.! References are provided in this section
for more detailed information concerning the proper and safe use of these agents.
Specific investigational protocols, if available, also can provide information that is
unavailable from other sources, especially with regard to dosage and regimens.

Cancer chemotherapeutic agents as a class are the most toxic drugs in use.
Adverse reactions listed represent those most likely to occur with the usual doses
and methods of use. Infrequent, but serious, reactions are also listed; however, the
lists of adverse reactions are not comprehensive. Nausea and vomiting are impor-
tant side effects of these agents that can be adequately treated by current antiemet-
ics alone or in combination. To tailor antiemetic therapy better to the emetic poten-
tial of the chemotherapy, a standard rating scale is used in these monographs.
Several points to remember are that emetogenicity is dose dependent, combinations
of chemotherapeutic agents result in greater emetogenic potential than the drug(s)
used alone, and emetogenic potentials are best defined in adults and do not neces-
sarily apply to children. The categories of emetogenicity used are as follows:?

EMETOGENICITY PERCENTAGE OF
CATEGORY PATIENTS AFFECTED

High >90

Moderately high 60-90

Moderate 30-60

Moderately low 10-30

Low <10
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Class Instructions. Antineoplastics. This drug is very powerful, and some side
effects can be expected to occur with its use. Be sure that you understand the pos-
sible benefits and dangers of the drug before you begin to take it.

Cytotoxic Agents. Because this drug can decrease your body’s ability to fight in-
fections, report any signs of infection such as fever, shaking chills, or sore throat
immediately. Also report any unusual bruising or bleeding, shortness of breath, or
painful or burning urination. Avoid the use of aspirin-containing products, and
avoid alcohol or use it in moderation. Nausea, vomiting, or hair loss can some-
times occur with this drug. The severity of these effects depends on the individual,
the dosage, and other drugs that might be given at the same time. This drug can
cause temporary or sometimes permanent sterility in men and women. It also can
cause birth defects if the father is taking the drug at the time of conception or if
the mother is taking it any time during pregnancy. If you are breast feeding, this
drug might appear in the milk and cause problems in your baby; therefore, use an
alternate method of feeding your baby.

Missed Doses. This drug should be taken at regular intervals exactly as prescribed.
If a dose is missed, it should be taken as soon as it is remembered. If it is almost
time for the next dose, only that dose should be taken and the regular dosage sched-
ule should be resumed. The dose should never be doubled or extra doses taken.

Alkylating Agents

ALTRETAMINE Hexalen

Pharmacology. Altretamine (formerly hexamethylmelamine) acts primarily as an
alkylating agent. It is used in combination chemotherapy of ovarian cancer and is
active in cervical and lung cancers.*

Adult Dosage. PO as a single agent 260 mg/m*day in 4 divided doses for as
long as 2-5 weeks. Lower dosages are required if altretamine is combined with
other myelosuppressive agents.

Dosage Forms. Cap 50 mg.

Pharmacokinetics. Oral bioavailability is incomplete and erratic and may be
dose dependent. Altretamine is N-demethylated to pentamethylmelamine by he-
patic microsomal enzymes. The serum half-life is 4.7-10.2 hr, with >50% of a
dose renally excreted in 24 hr and <1% excreted unchanged.

Adverse Reactions. Nausea, vomiting, and abdominal cramps can be dose limit-
ing in some patients. Neurotoxicity is frequent, including agitation, hallucinations,
and confusion; these are reversible and amenable to dosage reduction. Anemia,
leukopenia, and thrombocytopenia are typically mild.

BUSULFAN Busulfex, Myleran
CHLORAMBUCIL Leukeran
MELPHALAN Alkeran

Pharmacology. These drugs are water-soluble compounds that alkylate DNA,
forming a variety of covalent cross-links. The drugs are polyfunctional and can
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form more than one covalent bond to susceptible cell constituents (typically the
N7 position of guanine). They are cell-cycle phase nonspecific and chemically sta-
ble enough for oral absorption before appreciable alkylator activation occurs.

Administration and Dosage.

BUSULFAN CHLORAMBUCIL MELPHALAN

Administration PO. PO. PO; V.

Adult Dosage Up to 8 mg/day 0.1-0.2 mg/kg/day for PO 7 mg/m? for 4 days;
(usually 1-3 1 day; or 6-12 mg/ or 2—4 mg/day main-
mg/day). day maintenance; or tenance for multiple

0.4 mg/kg q 2-4 myeloma.”
weeks.® IV 16 mg/m? q 2 weeks
for 4 doses, then
q 4 weeks.
Pediatric CML 0.06— Non-Hodgkin's lymph- —
Dosage 0.12 mg/kg. oma, CLL, nephrotic
syndrome, rheuma-
toid arthritis (initial)

0.1-0.2 mg/kg/day.
Geriatric Dosage Same as adult dosage, but adjust for age-related reduction in renal function.

Special Populations. Other Conditions. Elimination is significantly correlated
with the GFR. Studies in nephrectomized animals demonstrate markedly in-
creased myelotoxicity with unadjusted melphalan doses. Thus, one group cur-
rently recommends a 50% decrease in the melphalan dosage for BUN >30 mg/dL
or Cry >1.5 mg/dL.® Reduce IV melphalan dosage to 75% of normal for WBC
counts of 3000—4000/pL or platelet counts of 75,000-100,000/iL or to 50% for
WBC counts of 2000-3000/p.L or platelet counts of 50,000-75,000/nL, respec-
tively; do not give it with WBC counts <2000/.L or platelet counts <50,000/pL.”

Dosage Forms. (Busulfan) Tab 2 mg; Inj 60 mg. (Chlorambucil) Tab 2 mg.
(Melphalan) Tab 2 mg; Inj 50 mg.

Patient Instructions. (See Antineoplastics Class Instructions.)
Pharmacokinetics.

Fate.
BUSULFAN CHLORAMBUCIL MELPHALAN
Absorption Reported by manu- Oral bioavailability is Oral bioavailability
facturer to be well about 87 = 20% by erratic and incom-
absorbed orally. radiolabeled drug plete, (mean of 56%,
studies;'®"" reduced range 25-89%); some
by 10-20% if in- patients have no levels
gested with food.'? after standard doses.''*
Distribution Homogeneous; good Vyis 0.29 = 0.21 Vg is 0.45 = 0.15 L/kg;
ascites penetra- L/kg; 99% plasma 90 * 5% plasma

tion; Vg is 0.99 = protein bound."® protein bound."®
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BUSULFAN

CHLORAMBUCIL

MELPHALAN

0.23 L/kg;'® ex-
tensively bound to
proteins.

Metabolism Extensively meta- Rapid metabolism to Not actively metabo-
bolized, major a number of in- lized; spontaneous
fraction as meth- active metabolites. chemical degradation
anesulfonic acid. Clis0.16 = 0.04 to mono- and dihy-
Clis 0.27 = 0.05 L/hr/kg.© droxy products.
Uhr/kg. ' Clis0.31 =0.17

L/hr/kg.©

Excretion No unchanged drug Less than 1% ex- Unchanged drug 24-hr
found in urine; creted unchanged urinary excretion is
however, meta- in urine over 24 hr. 10-15% of a dose.
bolites are renally
excreted.

ty, Rapid initial serum 1.3 =0.9hr (un- IV: f150, 8 MiN; 1145 1.4 =

clearance: 90% of
dose after 3 min.
typis 2.6 =
0.5hr.”®

changed drug); 2.5 hr
(major metabolite, an
aminophenylacetic
acid derivative).%1°

0.2 hr.10.13.14

Adverse Reactions. Emetic potential is low. Nausea and vomiting are rare with
long-term administration, although large single doses can be strongly emetogenic.
Dose-limiting toxicity for this group is typically myelosuppression, with nadirs of
14-21 days for leukopenia and thrombocytopenia after pulse dosage regimens;
daily administration results in chronic low indices with cumulative effects. Blood
counts commonly continue to drop after drug discontinuation; fatal pancytopenia
has been reported. Therefore, hematologic assessments are important with long-
term daily regimens. There might be some selectivity for different normal cell
lines by these drugs; busulfan, and perhaps chlorambucil, selectively depresses
granulocytes, relatively sparing platelets and lymphoid elements. The nadir for
melphalan can be prolonged (4-6 weeks); continuous administration frequently
leads to severe myelosuppression (especially platelets) that continues after the
drug is discontinued. Pulmonary fibrosis can occasionally occur with all these
drugs, especially busulfan; symptoms include cough, dyspnea, and fever;
histopathologic changes include bilateral fibrosis. High-dose glucocorticoid ther-
apy might help early evolving pulmonary disease caused by melphalan and chlo-
rambucil, but “busulfan lung” is usually fatal within 6 months of diagnosis.'"”
Busulfan frequently causes hyperpigmentation (especially of intertriginous areas)
and broad suppression of testicular, ovarian, and adrenal functions (occasionally
leading to Addisonian crisis). Long-term daily administration of these drugs pre-
disposes patients to drug-induced carcinogenesis, often heralded by preleukemic
pancytopenia and culminating in acute myelocytic leukemia. Allergic hypersensi-
tivity reported, especially with melphalan. With prolonged use, sterility occurs
with all alkylators; women seem more sensitive than men.
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Contraindications. Documented hypersensitivity; inadequate marrow reserve.
Precautions. See Special Populations for melphalan use in renal impairment.
Drug Interactions. None known.

Parameters to Monitor. WBC and platelet counts at least monthly; reduce dosage
at first sign of appreciable myelosuppression (ie, WBC <3000/uwL or platelets
<75,000/u.L). Conversely, assess patients receiving oral melphalan for evidence of
