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Antimicrobial Therapy

Charles L. James and Leland S. Rickman
Division oi Infectious Diseases, Departments of i! edicine ancl Plrarmacy, UC San Diego Metlical Center, San Diego, California, U.S.A.

Mark A. Swancutt
Depa11rng.1t of Microbiology ancl Meclicine, Sotrthwestern Meclical Center, Dallas, Texas, U.S.A.

rNTR0DUCTr0r{

Infections occttrrinl; in the intensi\/e care unit (lCU) ahnost
.rllvays invoh'e nosocomial organisms, which are more resist-
ant arrd more virulent than thcrse typically acquirecl in the
community. Nosocomial infections develop in approximately
2-1'X, of medical ICU patients, ancl 319/" of surgical ICU patients
(1), increasing morbidity (2), anr'l prolonging hospital stay (3).

Trauma related iniuries are the second largest sottrce
of health care costs in the United States (US) (3), and

"rccount for a significant portion of morbidity and mort.rlity
in all regions of the world (4,5). Infections in trattma patients
can increase mortality up to three-folcl (6).

The principles of antimicrobial use trnd the mechan-
isms of antibacterial resistance are reviewetl in the first
tu'o sections of this chapter. Next, the factors incre.rsing
the risk of infectious cllsease foilowing trauma and critical
care are reviewed. The remainder of the chapter reviews
the imoortant clinic.rl considerations for the variotts .rntimi-
crobi.ri clrugs cr-rrrently in ttse.

All antibiotics mLrst be evaluatecl in terms of their
trntimicrobial spectra, toxicities, and phrrrmtrcokinetic and
pharmacodynamic attributes. Susceptibility resttlts of
antimicrobials reflect in vitro properties and do not alwtrys
correlate with clinical results. Hence the reader is ac1"'isetl

to consider many factors during antimicrobial selection (7).

Severerl antibiotic choices are usuallv effective in the

treatment of most infections. The recomtnendtrtions listecl

here reflect the perspectives of two infectious cliseases

physicians and an infectious diseases pharmacist speciirlist.

PRIl{CIPIES OF AI{TIMICROBIAT USE

t' Antimicrobial selection for trauma and critical care is

based on the following seven considerations: (i) whether
the antibiotics are planned for prophylaxis or treatment of
an established infection; (if the anatomic site of infection;
(iii) whether the infection is community'acquired or nosoco-
mial; (lv) best guess of the most probable causative micro-
organism (based upon geographical and institutional
isolate profiles); (v) the patient's innate immunological
status; (vr) the severity of the infection and general con-

dition of the patienu and (vri) financial cost. t' \

General Rules for Selecting Single vs. Multiple Antibiotics
On some occasions, a single antibiotic is appropriate, for
example, the treatment of cellulitis with cefazolin. However,
there are several circumstances where combination anti-
microbial treatment should be employed. The first is the pre-
vention of the emergence of resistant organisms while on
therapy; an example is the absolute necessity to use an anti-
staphylococcal agent, like nafcillin, in combination rvith
rifampin to prevent the emergence of rifampin-resistant
mutations, which are single-step mutations to full resistance
in the gene that encodes the bacterial RNA polymerase, the
rifampin site of action. A second example is with polymicro-
bial infections (e.8., intraperitoneal and pelvic infections).
The flora causing these infections includes gram-negative
enteric rods, a multiplicity of different obligately anaerobic
species, as well as enterococci and, occasionally, yeast. A
third circumstance where antimicrobial combinations is in
empiric therapy where early aggressive treatment improves
strrvival and mixed microbial infection is probable, for
example, necrotizing fasciitis.

Antibiotic Synergy vs. Antagonism
In order to lrse combinations of antimicrobial drugs properly,
the prescriber should be familiar with the concepts of anti-
biotic synergy and antagonism. Synergy occurs when the

use of one antibiotic enhances the antimicrobial activity of
another. In general, slmergy occurs when the agents of any
particular combination act on different biochemical pathways
of the microorganism or act sequentially along the same meta-

bolic ptrthway; an example of the first is the use of ampicillin
(trr vancornycin) and gentamicin against enterococci. Amino-
glycosides trre irreffective as single drugs in treating Sram-
positive c'rrganisms because they cannot Penetrate the thick
peptidoglycan cell wall to reach their site of action at the ribo-
iome within the bacterial cytoplasm. The combination of
ampicillin (or vancomycin) and gentamicin is synergistic for
errterococci because ampiciliin (and vancomycin) damage

the bacterial celi wall (as their antimicrobial mechanism of
action) thereby allowing the aminoglycoside to penetrtrte

into the cell. Clinicai studies have shown that the addition of
gentamicin to trmpicillin significantly improves otttcome in
patients rvith enterococcal endocarditis, even though entero-

iocci are reiartively resistant to ampicillin (8). Similar effects

are noted with the combination of antistaphylococcal
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penicillins (or vancon'rycin) combined r,r'ith an aminoglycoside
against Stnplrylococcus nllr'dus, but the magnitude of the effect is
less. Another clinical example of slmergisrn invoh'es the use of
anti-pseudomonal beta-lactams such as piperacillin or ticarcil-
lin in cornbination rvith aminogll'cosicles to h'eat serious int'ec-
tions rvitlr PsutLlonrotms ncrugirrosn (9).

The combinatiorr drug trimethoprin'r-sulfamethr.rxazole
(Bactrim or Septra) is an example of synergism resulting from
r.rsing tn'o antibiotics that act sequentialll,in the same prathr,r'at'.

Sulfamethoxazole acts first and trimethoprim (TMP) secontl in
the microbial pathr,r,a1, for de novo surthesis of folic acid,
which is necessary for syrrthesizinB precursors for DNA and
otl'rer molecules involved in bacterial intermediarv metatrolisrn.
For treating fungi, 5-FC is rrot used alone becar.rse of the develop-
merrt of rapid resistance. Howevel the combinatiorl of 5-FC and
arnphotericin is synergistic in vitrt'r, and this combination is com-
rnonll' used clinicalh' to treat cryptocto-cal merringitis (10).

Antagonism occurs u'lten the combination of anti-
biotics is less effective tharr either agerrt alorre. For
example, the use of bacteriostatic drugs such as tetracyclirre
or chlorampherricol that inhibit protein sprthesis generally
decrease tl're effectiverress of betalactam drugs that act on
the cell wall (11). Another examl'rle of antagorrism in vitro
involves the use of azoles like fluconazole in combinatiorr
with amphotericin. Ergosterol, a sterol in the fung;al
plasma nrembrane, is the target site of amphotericirr; azole
drugs inhibit the enzyme necessary for ergosterol synthesis
and decreases the arnount of ergosterol preserrt in tlre
plasma menbrane, tl'rereby decreasing the target of actiorr
for amphotericin and making it potentially less effective.

MECHAI{ISMS OF Ai{TIBIOTIC RESISTAI{CE

Factors influencing the emergence of resistance in microorgan-
isms include: (i) the indiscriminarrt use of broad-spectrum anti-
biotics in medicine, (ii) the r,r'idespread use of antibiotics in
animal huslrandry and fisheries, (ili) prolorrged hospitaliz-
ations, (iz) the increasing rruntl-rers of immunocompron'dsed
patients, (t) intemational h'avel, and (i'i) medical progress
resulting in increasecl use of invasive procedurcs and de'n'ices.

Bacteria evade antimicrobial action by diverse mecharr-
isms. These mechanisms include charrges in perr-rreabilitv of
the bacterial cell rvall and plasma membrane to tlre antilriotic,
antibiotic efflux frcrm bacterial cells, inactivatic'ru of the anti-
biotic (usually enzyrnaticallv), modificatiorl ol elinlination of
the target site(s) for tl're antibiotic, arrd the developrnent of
auxotrophs (bacterial strains with gror.t'th requiremerrts differ-
ent from those of the r,r'ild-t1'pe strains) which can Lrylrass

steps inhibited b1' antibiotics. Understanding the general
mechanism of resistance has clinical reletarrce lthen clroosirg
a specific antibiotic for a specific organisnr. For exaurple,
methicillin-resistant S. atrtctts (MRSA) is resistarrt to lreta-
lactam agents by virtue of prossessing arr altered penicillirr-
binding protein (PBP), the target of all beta-lactams. Therefore,
combination products increasing the duration of betalactam
activitv rn,ith a beta-lactamase irrhibitor; (e.g.,1-riperacillin/tazt'r-
bactam or'ampicillin/sulbactarn) rvill rrot demonstrate an1'
activity against MRSA (12-17).

t' A primary tenet of antimicrobial therapy is to use
the narrowest spectrum antibiotic possible, rather than a
broad-spectrum agent. t' Empiric heatntent (priol to the
final identification of specific microorganisms) is b1' necessity
broad-spectrum, and the antibiotic selection is based uporr
several feafures. Theseinclude the location r.r4rere the suspected
infection developed (e.g., conrmunity vs. l'rospital-acquiled),

the anatomic site invoh'ed (e.g., orophar)/l-rx vs. colorr), sus-
pected organisnrs (based on prior literature ancl local experi-
ences), the local arrtibiotic sensitivity and resistarrce patteri'rs,
the current gran'r stain and prior cultule results, patieut aller-
gies, rerrallhepatic fturction, and other clinical factors. Emer-
gent, empiric antinricrobial treatnlerlt is inciicated irr onlv a

few situations, irrclutling, for example, suspected sepsis, bac-
telial rneningitis, some fulminant pneumonias (i.e.. Bncll/rrs
nrrflrrncis) arrd somesevere soft-tissue infections (i.e., necrotizing
fasciitis). There is usually adequate time for a thorough clirrical
evaluation of a patient in other circumstances, including the col-
lection of adequate sprecinrerrs (for gram stailr and culture) priol
to the institutiorr of antibiotics. Fever alone in a clirLicalll' stable
patient can result frorn either an irrfection or a m)rriad of other
causes (e.g., major traurna, burns, surgery hematoma in soft
tissue or subarachnoid blood, etc.), and frequently does not
require arrtimicrobial therapy. (Volume 2, Chapter 46)
Hence the dichrm "antil'riotics are not the antipvretic of choice."

Prophylactic arrtibiotic use in su.g".y should be
limited to proven indications ancl duration. A good example
of this principle are the recentlv published guidelines for
the appropriate use of vancomycin to reduce the emergence
of vancomycin-resistarrt enterococci (VRE) and p.rossible

varrconrycirr-resistant S. nurt'rrs (VRSA) (16). These guide-
lines discourage the use of \rallcornl'cin except for limited
situations, r,r'hich include: (i) severe beta-lactam allelgy,
(1l) infections caused b1, gram-positive cocci that are resistant
to beta-lactams, (iii) empiric use in circumstances where
there is a high ir"rstitutional prevalence oi MRSA, (iz') Iife
threatening infections until definitive culture results return,
and (t') tlre oral treatment of Clostriditrnt difficile colitis (only
rvhen there is a failure of metronidazole) (16).

RISK FACTORS FOR I]{FECTIOilS IN TRAUMA AND

CRITICAT CARE

Many factors increase the infection risk in traurna and criti-
cal illness. Defects in the mucosal and skin surfaces after
trallnla allow rnicrobes to bypass irritial deferrses. Chest
tubes, endotracheal tulres, catheters, and drains facilitate
pathogerr errtrl'. Devitalized tissue's and otrstruction of drai-
rlage ports (e.9., siuusitis) increase the bacterial count,
impair the normal self-cleansing of bacteria, arrd decrease
the ability of r.t'hite blood cells (WBC) to have access to
bacteria-all servirrg to increase the risk of infection.
Within a fen,days, patients lose the nomral Protective skin
and gut flora and become colonized r,vith nosocornial organ-
isms, u'hich suLrsequently cause hospital-acquired infections
with microl-res that are often resistant to man)' antibiotics.

The rnost basic question to be answered Lry the physician
contemplating antibiotics in a critically ill patient is n'hether the
patient is in fact infected. The cardinal signs and s1'mptoms of
infectior-r (elevated WBC cor"rrt, fever, hyperdynamic state),
and inflammation (rubor et tumor cum calore et dolole Ifrom
Celsusl-redrress and sr,r'elling with heat arrd pain) are also
commoll accornpaniments of acnte trauma, atrd therefore, do
not necessaril)' inclicate an infection (18). These sigl1s cal'l
persist for davs after admission, especiallv with rnultiple frac-
tures, bums, ol diffuse soft tissue injury. Furthel complicating
infectiorr evaluations in this pratient population are patierlt
care devices, limited mobilitv and ventilators. Another clirrical
conundrum is deciding 1r'hether a patient is colonized or actu-
ally infected, orrce organisms have been isolated. This carn be

especiallv problematic wherr the culture isolate was derived
from suctit-ned sputa or previouslv placed drains.
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Infection control me.tsllres are vitallv important to
nritig.rte tlre spreatl o[ resistant organismi. t' As lgnaz
Phillip Semmelweis discovered .150 years ago, the most
important means of preventing the transmission of microor-
ganisms from one patient (via the doctor or nurse) to
another patient is strict hand washing (and now, the use
of clean disposable gloves). f

Bacterit'rl organisms cornmonly responsible ior ir-riec-
tions in trauma und critic.rllv ill p.rtients .rre dividecl into
three main cl.rsses: aerobic gram positive, aerobic grarn
negative, and .rnaerobic. The common gram-positive pathc>
gens .rncl the currently recommenclec-l ;rrrtibiotics for these
org.rnisms trre listed in T.rble 1. The recrtmrnentlations
provicled in this and other tables in this chapter reflect
general sensitivitv and resistance patterns as tri the pr-rbli-
c.rtion of this textbook, and local conditions mav be different.

Org.rnisms causing irrftctions in traurn.t patients hnve
changed over time. f At present, the majorityof infections
occurring in hospitalized trauma patients are due to gram-
positive organisms (19), for example, MBSA and VRE, and
to a lesser extent, multi-resistant gram-negative rods (20).
f This is in sl-r.rrp contrast to a ferv tlecatles ago where
gram-negative organisms prevailed.

Cram-rreg.rtive organisms .inclucle m.lny of the errteric
Lr.rcteri.-r and some of these .tre developing extencleci spec-
trtrm beta I.tctamases (ESBLs), especially the so called

Table 1 Antimicrobial Druss of choice Against Aer.obic criur-positive Bacterra

"SPACE" organisms (Serrntin spp., Pscutlonmrns spp., Acine-
tobnctar spp., Citroltoctar spp., Enterobncter spp). The
common gram negative aerobic b.rcteria, along with the.rnti-
microbial clrugs r.rf choice, are summarizetl in Table 2.

With appropriate antibiotic use, fungal infections are
still rare in trauma injr-rrecl patients, excludirrg catheter-
rel.rtecl ulinary tract infections. fuclicious prophylactic
irntibiotic r-rse in the trauma setting is generally accepted
prarctice in speciiic situations (21-24).

f Penetrating intra-abdominal injury, perforated
abdominal viscera, and open fractures all warrant antibiotic
prophyf axis (22-25't. f

Infections involving the mouth .rncl gastrointestintrl
tract (including most inhaabdominal abscesses) invoh,e
antrerobic bacteria, in acldition to aerobic gram-positive ancl
gram-negative organisms. The common anaerobic pirthogens
inr.'olvecl in trauma and critical care are summarized in
Table 3. In general, infections involving arnaerobic orgtrnlslns
that occur above the diaphragm, or in the vagina, can be
treaied n,ith clindamycin or metronid.tzole. However, those
occurring irom rtrganisms native to the colon (e.S.,
Bncteroidcs Jrngills) are best treated by rnetronidazole.

A complete survev of infectious and non,infectious
sorrrces oi fever is provicled in Volnme 2, Chapter 46.
Sepsis and SIRS ale revier,r'ed in great cletail in Volume 2,
Chapters 47 and 63, respectively. The mosr common

I\Iicroorgani s nrs Dru-e of choice Alternative agents

S laphv I scpl'c rs uu re t t s

Non-penicilli nase-producing
Penici llinase producing

MRSA
VISA
VRSA
A lpha-streptoc occi ( S I r e ptotttc t' u s

viridans)
Beta-streptococci (A, B, C, C)
S t re ptocoL't. u s ltov i s

S I re pl ot' rtcc t rs 1t n e u non i ue
(pneumococcus)

PCN-susceptible
(MIC <0.1 mcg/ml1

PCN-intermediate resistance
(MIC : 0.I-2 mcg/ml)

PCN-high-level resistance
(MIC >2 ncg/ml.)

Entcroc0L'ctt,t spp.
Serir-urs infection

Uncomplicated UTI

VRE

Penicil I in
Nafcillin, oxacillin

Vancomycin"
Daptomycinh

Daptonrycinb
Penicill in

Penici I I in
Penicill in

Penicillin or an.roxicillin

Penicillin or ceftriaxone. cefbtaxime

Nlenineitis: vancomycin * ceftriaxone or
cel'otuxime trther indjcatiotrs: r'ancomy-
cin + ceftriaxone or cetbtaxinre, linezolitl,
levofl oxacin. gatifl oxacin, mo.rifl oxaci n

Ampicillin * gentanicin or srreptomycin

Ampicillin

Linezolid

Virncotnyci n, cephalosporrn
Vancomycin, cephalosporin, erythromycin,

clindamycin
Li nezolid, quinupristin/clalfbpristin, tigecycline
Quinuplistin/tlaltbpristin. linezolicl
Quinupristin/dalfbpristin, linezolid
Cephalosporin

Ceph:rlosporin. erythrontycin
Vancomycin, cephalosporin

Cephalosporin. erythromycin, azithrctrnycin,
clarithlornycin, levofl oxacin, nto.xifl oxtcin,
carbapenems, clindamycin. tetracycline

Levofl oxacin, gatifl oxacin. moxi lloxacin,
clindamycin. vancomycir-r

Carbapenents. quinupristin/dalfbpr.istin

Vancornycin * gentarnicin or srreptomycln;
linezolid: quinupristin/dalfbprisrin

NinotirrantoinI ciprofl oxacin, levofl oxaci n:
tbsfomycin

Daptonrycin; qui nuprisrin/dalfbprisrin
..SonrestLtt|iesshowthatlinezo|iclwlssuperiortovitllc()mvcil]fblventi|atorrssociirtedpneumottiaduetoMRSA.Howeve'ffi
studies were subtherloeutic.

ntycin internrediate sensitive S. uuraus: VRE. vancornycin-resistrnt enterococcu\: vRSA, vancomycln-resistant S. t:turetr.t

I
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Table 2 Antinricrobial Drugs of Choice A-rainst Aelobic Gr-arn-Neeatrve Bacter.ia

Microorganisms Drug of choice Alterrratii'e agerrts

Acittetobacter spp.
Aerunoiltt,l
Ertterobacter spp.
Est'he richiu t'oli

H ae nto1tlr i I u s infl uenzae
Klebsiellu pneunumiae

Legiotrcllu spp.

Proteus mirabilis

Other Prr;tarrs spp.

P. aerugittosu
Salntotrella spp.
Stenotrophontorm.s

nnltophilio
Serrutia spp.

Imipenent, meropenem
Cotrinroxazole
Imipenern, mel'openern

Ceftliaxone, ceibtaxime

Second- or third-generation cephalosporin
Cefiriaxone, cefbtaxime

Azithrornycin or a

fl uolotluinolone f riflrnpin
Ampicillin

Cefiriaxone, cefbtaxirne, cefiazidi rne.
cel'epinte

Cettazidime * an aminoglycoside or cipr.o
Fluoloquinolorre or ceftriaxone
Cotri nroxazole

Carbapenern

Aminoglycoside. ciprofl oxacin, cott.iutoxazole, cettazidime
Anli noglycoside. inripenem, fl uoroqui nokrne
Anrinogll,coside, ciprofl oxacin. cotr.intoxazole. cef'epirne
Anrinoglycoside, inripenenr, nleropeneltr, cetiazidi nre.

cefepinre. cotlinloxazole, fl uoroquinolone, ilztt.eollarlr.
piperaci I lin/razohacrunr

Fluoroquinolone, cotrimoxazole
Anrinoglycoside, carbapenenrs. cettazidinte, aztreonanr,

cef'epinte, cotdntoxazole. fl uoroquinolone, piperacillin/
tazobactanr

Doxycycline * r'ifanrpin, cotr.inttlxazole, erythrotnycin

Cephalosporin, cottinloxazole. antinoglycosicles, car.bape-
nenr. fl uoroquinolone, aztreonan.r

hnipenern. meropenenr, fluoroquinolones, piperacillin,/
tazobactam. cotrinroxazole, anrinoglycoside

Carbapenerns, cefepinie. aztl.eonun. levoflox, piperacillin
Cotlimoxazole
Fluoroquinolone

Aminoglyc:ssiie. aztreonant, thirtl_ or iburth-generation
cephalospor.in. cotrintoxazole. piperacillin/tazobactarn.
fluoroquinolone

sources of infection in trauma and critical care also have
specific chapters dedicated to them, including ventilator
associated pneumonia (Volurle 2, Chapter 4g)iindin.elling
catheter related infections (Vtrlume 2, Cirapter iV;, abdomi_
rralsource_s of infection (Volume 2, Chapter'SO;, and sirrusitis(Volume 2, Chapter 51). The renrainder oi'ini, chapterrevieu's the antimicrobials most frequently used fortrauma and critical care

PEr{tcil.UNs

History/Description
Dr. Alexander Fleming discovered penicillin in 1929, r,r,hileworkrng orr unrelated influenza rese;rch. Fleming happerredu,pon his discovery' r,r,hen he observed thai tne of hissrapn)'lococcal curture plates became contaminatecl r,r,ith

Table 3 Antinricrobial Drugs of Choice A-eainst Anaer.obic
Bacteria

a moulcl, and thart surrourrdirrg the fungi r,r,as a ringJike bac_teria-free zone. Fleming subsequent{ diluted tie rnould
more than 800 times, arrd still it retalned the antibacterial
effect. With the assistance of a mycologisi colleague, thenrould was identified as a pcniciliiuttt,"and. Fl"r.ii.g'srfr_
sequently named the antilracterial acti,,je sulrs16116s penicil_lin. 

. 
His 

. publication in 1c)29 describing thi, ."r"ur.1.,recei'ed little attentio^ urrtil World War ll,"r,r,hen perricillirruse becarne n,ide5pr1gsd. hr 19,15, Flemiirg receir,etl theNobel Prize for hii discoverl,. Since that iime, penicillinand its deriYatir.'es har
nrany bacteriar inre.tio,'.i, ::i:T':iJ::.,i1:r.ilJH::i.,::i
str"ucture has led to the development of numerous otherbeta-lactam derived antimicrobials (26_2g\.

Mechanism of Action, pharmacology, Administration,
and Dosage
Perricillin arrd other beta_lactam related antibiotics (e.g.,cephalosprorins, morrol-ra.ctams, a1d .u.bu;r"rl".rlr) all havesimilar mechanisms of 

.,actior.r, pr.imariil, iu,.g"ung tn"peptidoglyca' cell rvall; these actiorrs are characterrzeii byenzymatic inhibition of cell n,all sl,nthesis and tnnrovern'ith the resultarrt destr.uction of bacieria tf".orgL autoll,ticellzvnles. For the available peuicillin agents, niodifications
of the side-chain results in a wide va.ietl:of lrhurrnacokineticpropeltjes and antimicrobi.rl actir.ities iTaLrie +1.

, Most perricilli' arrtibiotics are n idelv distributed
hon,ever; freltL.tratiut across the trtooA_Urain bart ier anclirrto the. cs1glr11rs,pj1ra[ fluid (CSF) ancl into the vitr.eousJrunlLlr ls po()l; arrd levels are significantly, lorver thanserltnl collcetrtrations, except in tlre preserice of irrf.lam_matiou. Therefore, r:elativell, high ,Joses of perricillins arerequirecl to treat infections in these ,,protecteci,, 

sites.

Microolganisnrs Drug of choice Alternative agents

P revotel la
ntel.anogcttica

Becteroides

.fragilis

Clostridiunt
perfringens

Clostridiunr
tetuni

Clostridiun
dfficile

Penicillin G; or.

clindamycin
Metronidazole

Penicillin or
clindarnycin

Metronidazole

Metronidazole

Metronidazole

Carhapenents, cefbxitin.
ampici llin/sulbactanr.
prperaci IIin/tazobactalr

Metlonidazole. carbape_
nenl s, cl.rlor.arnphen icol

Penicillin. a retracycline

Vancornycin (oral)

rl
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Table 4 The Penicillins: Selectecl Dosing ancl Neecl tbl Acliustment Based Upon Renal or Hepatic Dysfunction

Penicillin sub-rype
Typical adult IV ckrse rlnge

and intervals

Recluires dose adjustnient
tor renal insufliciency
(CrCl <30 rnL/min)

Requires dose

adjustment for
hepatic failure

Aqueous crystalline
penicillin G

Ampicillin
Ampicill in/sulbactanr
Piperacillin
Piperacillin/tazobactam
Oxacillin
Nafcillin

1--l rnillion units every 4-6 hr

I -2 g every 4-6 hr
1.5-3 g every 6-8 hr
3-5 g every 4-8 hr
3.375-1.5 g evely ,l-(r hr
l-2 g every 4-6 hr
I -2 g every :l-6 hr

Yes

Yes

Yes

Yes
Yes

Yes
Yes

No

No
No
No

No
No

No
A bbrc y i a t ion : IV. intllvenouslv.

Antimicrobial Activity/ Spectrum / Resistance
Differential bacterial .cell wall penne.tbility, binding site
affinity and susceptibility to bacteii.rl enzvnres (e.g., beia-lac-
tamases) .rccount for _the various strsieptibilit.-y patterns
am^ong 

_clifferent penicillins, irncl other beta_lact.rmJ (Tables1-3). Bacterial prodtrction of bet.r_lactamases, ivhich
enzvmartically destroy beta-lact.rm antibiotics, represent themost common mechanism of antimicrobial resistance.
Cr.rm-posjtirre organisms ustrally secrete beta_1.-rct"rrnases
extracellultrrll,, whereas gram_negirtive organlsms secrete
small quantities of beta-lact.rmases withinihe periplasrnic
space. There are seve.ral types of beta_lact.rmases, eachu'ith vari<tus binc-ling affinitiei to enzy.mes required for thereprodtrction of specific nricror.,rganismr. Witn this in
mlnd., tne development of beta_lactamase inhibitors, in com-
lin",l9l rivith specific penicillins, provides the ration.rie ior
the clinical trse of combinatior.rs (i.e., ticarcjllin-clnvulan.rte,
piperacillin-tazobactam, irnd ampicillin_strlb.rctam).

. Narrow-spectrum penicillins, such as perricillin G orampicillin, remain the r-lrug of choice for most streptococci,
enterococci, ancl oral an.rerobic bacteria. The serni_iynthetic
penicillins, strch as nafcillin or oxaciliin, were designed
specificalll' for 5. nlrrrr-s ancj have neither.rnaerobic nor enter_
ococcal .rctivity, .rnd hav.e reclr-rced streptococcal activity.
They also lack ac-tivity against gram_negatire rocls. Extenclecl
spectrum penicillins, (e.g., priperacillin, mezkrcillin, ancl tic.rr_
cillin) have irnproved activity against not only p. nentgittosn
but arlso against ac-lditional commlnity ancl hospital_acquire.l
gram-negative rocls. f The addition of a blta_lactjmase
inhibitor to beta-lactam antibiotics produces efficacy
against beta-lactamase-producing organisms such as S.aurears, Escherichia coli, and most anaerobic bacteria.
However, these combination products add no additional
3-"jyity against P. aeruginosa and have no activity against
Yttl t',MRSA speciiicallv lack the binc-ling proteins ror
tnese beta lnct.tms, .tnrl .tre irrtrinsicallv resistint regartiless
of the concentration or cluration of high clrug levels of beta
lactanrs.

Adverse Effects and Drug Interactions
Hypersensitivity reactions are the most common ar.lverse
effects encountered r.t,ith the trse of peniciLlins. These
reactions range from minor, strch u, .urh, to potentially
life-threatening strch as anaphylaxis (VolLrme i, Ctlupt".
33). A few unique ar.lverse efijcts are seen rvith sprecific peni_
cillins, such as platelet clysiunctiorr with pipetJcillin and a

high inciclence of rash rvith ampicillin and amoxicillin. The
management of adverse effects and allergy testing is dis_
cussecl belorv (Beta-Lactam Allergy). No clinically iriportant
clrug interirctiorrs occur with the penicillins.

Therapeutic/Clinical Uses
8".1"::,.r.]f their long h.istor1, of clinical safety, efficacy, ancl
availability, the penicillins ire fre.luer.rtty usecl in the criti_
cally ill patient. As seen in Table 1_3, the penicillins are
the dmgs of choice for many infections cornrilonly encoun_
tered in these patients.

CEPHATOSPORII{S

History/Description
Cephalosporins are a group of natural ancl serni_synthetic
compttuncls that are structurally similar to penicillins anci
have been in clinicar trse since the 1q60s. The lepharospori.s
are categttrized into first-to_lougth ,,generation,; 

base.i upon
trntimicrobial spectnrm. Table 5 listi the four generations of
ceplralosporin s (29 - 32).

Mechanism of Action, pharmacology Administration,
and Dosage
Cephalosporins, like penicillins, enzymatically inhibit
bacterial cell wall synihesis. Theraperltic cephalosporin
concentrations are reached in m"rny botly site.s; however,
cefazolin anc'l cephalothin^clo not provicte iaetuate enough
concentrations in the CSF to treat bacteriai meningit"is.
However, ser.eral of the third and fourth generatron cepha_losporins reach sufficient concentrations in the CSF fortheraper,rtic'tility. These incl'cle ceftriaxone, cefotaxime,
celtrz()xtme/ ceftazidime, and cefepime. Table 5 clelineates
the-dosing consic-lerations for the most commonly used

llll.ulornoli"s. , Uniquety, amontl rhe ."pt ubrpor-r,
celtriaxone.has tlre longest h.rlf_lifc-and nray be .iosecl on .r
olrce-(lJily basis in most cllni(.41 circtrmstances.

Antimicrobial Activity/Spectrum/ Resistance
f In general, as one selects a second, third, or fourth gen_
eration cephalosporin, there is increased activity against
aerobic gram-negative bacteria and less activity against
gram-positive organisms. d Although ceftriaxone, ceftizox_
ime, ancl cefotaxime retain excellenigr,rm_positive activity,
the cephalosporins, as a class, do noi-have activity againit

I

I

l
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Table 5 The Cephalosporins: Selected Dosing ancl Need lbl Adjustnrent Based Up6n Renal
or Hepatic Dvsfunction

Cephalosporin
gellefation
and sub-type

Typical adult lV
dose rangc:

and inten,als

Requires dose

adjustntent fbr
renal insufliciency

(CrCl <30 rnl,/rnin)

Requires dose

adjustntent for'

hepatic lailule

First generation

Cephalothin
Cetazolin

Second generation

Cetbxirin
Cef uloxime

Third generarion
Cefoperazone
Cefbtaxinre
Ceftliaxone
Cefiazidime

Fourth genelation
Cef'epinre

I -2 g every 4-6 hr.

I -2 g every 8 hr

I -2 g ever1, 6 hr
0.7-5-1.5 g ever.y 8-12 hr

| 2 g everv 12 hr
| -2 g every 4-8 hr
l-2 g every l2-2lhr
l -2 g evely 8 hr

I -2 g every 12 hr

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No
No

No
No

No
Ntr

No
No

No
Abh rc y i at iott : IV. intritvenouslt,.

enterococci, I\4RSA, or Listerin 
^rrrorrocyforcrrcs. For actir.it),

against P. nerugitrttsn, the use of ceftazidilne or cefepime i,susualll' required. Because of tl"reir Lrroad actrvity againstmost aerobic gram_positive cocci (except enterococci), andgram-negative bacillj (except p. ocruginosn), the third gener_ation cepl'ralospori.s (ceftriaxone, .ifotu^i*" and ceftizox_
lme.) are commonly used jn the critically ill patierrt.

'^^..^ ^1n:,t1t 
gener.ation cephalosporinr, rl-i.h u, cefazolin,nave a trld€_range of acti\.ity against almost all aerobic cocci,rncluding MSSA (but not enterococci or MRSA) and somegram-rregative bacilli (r.r,ith. the exception of p. acrtrgirtttsnand some other gram-negative rods).

f The cephamycins, specifically cefoxitin and cefo_tetan, have unique broad_spectrum a;tivity against mostanaerobic organisms. However, there are increasing resist_ant.torms ot B. tragilis. f B. frngilis r"rlstnrl.i't,u, risen tosuch a degree that L.roth the inflctiou, Dir;;. Society ofAmerica a nd the Surgica I Inf ection Society,,.r..r*] .".orr_r.r.,"r_r.1agai.st these drugs as srngle age.ts for intra-abdominal
infections (23,21,3i\.

Adverse Effects and Drug Interactions
The adverse effects of the cephalosporins are similar to thoseof the penicillins. Additionally, certain ,trr',f_a.r.r, ,,.,a"._

l:lions o.:1..*itl cephalosporins and cephariycurs, whichhave a methyl-thio_tetrazole side chain lcefotetJn, cefopera_zone, cefarnandole, and moxalactam). ffit.lu.. ot cephalos_por'ls ca. produce a disulfiramlike reaction i.t,henadministered r,r,,itlr alcohol. In additiorr, ,f-r"r" antibioticscan prolong the INR via inhibition of r.itainirii metabolisnr.

Therapeutic/Clinical Uses

3: thirg generation cephalosporins (ceftriaxorre, cefotax_
:T:,ld^:"ftizoxime) liave. trroad ".iiriii rgri,.,st rnost
leroor: gram-positive cocci ancl gram_nega?il.e bacilli,(except P. ncrugiuosa), and are very commonly used forempiric thera py f or Ventilator_"rr".i",J p,l"ir'*nia ( VAp)in critical care units. Ceftazidime 

"i;;h;r';;.;il"rrt activityagainst p. acrugirtosa but only *u.gir.,u1 *i"i,u againstgram-positive cocci.

. . Advantages of the cepl.ralosporins include their.relativell, lon, toxicity; especially' compared to theaminoglycosides, their .activity against ce'rtain hospitai-

1ili...",1: 3-r1' lt:31, g resis tant bacre"ria, a rrd the opportunr ryro adluInlstel.a sirrgle agent.rather than rnultiple antibiotics.Cephalosporins are not superior to the older, narrow_
spectrum, and. less-expensive intimicrotrials. Thus, extended_spectrum cepl12l6spe1ilrs are rarsll, the tlrug of choice forarry infection. In addition, the emergerrce" .rf resistance
9J]]r.S 

therapl, r.r'ith_these nen,er cephilosporins has beerr

i,111]l:.i].t"ding vRE, MRSA, and C. ctifficiic through selec_uon pressures.

OTHER BETA.I.ACTAM ANTIBIOTICS AI{D
ADVERSE REACTIOT{S

Monobactams
Aztreonam is a synthetic.monocyclic B_lactam (monobac_tam) antit.riotic, and r,r,as t^e firstippr"r,"Jfor'cli.ical useirr tl-re US (34,35). Monobactams differ'structurally frorn peni_cillins and ceph6lper.,,,lrl,rslecause ..lrf Ul"ir-,r.onof1,clic ratherthan a bicyclic nucleus; this rror.el structure 

"*iloi,l, *,1.,1,aztleonanl has little cross-aller.genicity r,r,ith tiie bicycliiB-lactams. Although skin rashes iio.,. n'...,r."d occasionallyu'ith the use of aztieorram, the arug f.,o, b;n ;irlerr safely topatients n'ith immediate-t1,pe hip"rr"r1rii;ii,u ."u.uo,.,,(e.g-, anaphylaxis ancl urticaria) ',t fr.ifl p",,icillins anclcephalosp6rins (3rfr). Other. act,erso 
"ff".,rtar" sirnilar tothose of other B-lactam dnrgs.

f Aztreonam is d6void of antibacterial activityagainst gram-positive and anaerobi" U""t"ri".'or Aztreo_nanr is clinically effective against nrost facultatri.e aerobicGram-negative bacilli. The spectnrnr and p61g11sy of aztreo_nam is similar to the thir.d gener.ation ceplialosponn ceftazi-dime (37) as both corrtain ili" ,un," Z 
".rii,.,o,lriirol14 u.ith apropyl-ca.rlroxv adclition b its side_ch.i" taSl.Irtr;;;;,;adequately crosses the blood t .ui" t.:ro..ier 

"J,la 
l, higl.,tya.ctive.against Haento/tilrts itt.fluorzn url.i fV.',qo,r,.trrlnenc(ittclucling betalactan.rase-projucing rt.;i;.,rj; .;l;';;ffi;nrost of tlre Errterobacteriaieae (including t."riti, Xtrt rirttr,
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Beta Iactam-like
clrug classification
and name

Typical adult IV
close range and

I nterval s

Requiles dose

adjustntent for
renal insulliciency

(ClCl <.10 ml/min)

Reqr"rires dose

adjUstment for
hepatic tailure

Monobactams
Aztreonam

Carbapenems
Imipenenr /cilastatin
I\{eropenenr

Etrapenenr

I -2 g every 8 hr

0.5* 1.0 g every 6-8 hr
0.5- 1.0 g every 6-8 hr
I g evely 2-l hr

Yes

Yes

Yes

Yes

No

No
No
No

Alil> r<: y itt t i rtr t: IV, intravenousiv.

Prctetts, Sarntin, SlrigeLlo, and Snlnrttnallri species). Aztreonam
is slightly less potent than_imipenem or ieftazic-lirne .rgainst
P. nanrginosn. The rrsual dos.rge of .rztreonam is 1 io 2 g
rntravenously given every eight hor"rrs. Refer to Table 6 foi
selectL'd dosing .rncl route of idministratior.r.

Carbapenems
Carbapenems are a class of antimicrobials created by asimple substitution of a sultrrr atom for a carbon atom of
the beta-lactam nucleus, and the ..rcldition oi a double bon,l
lo, lh:. 

t-l"Tber. ring comprising the peniciliirr nucteus (7).

,r,.:. rirrj ctrnrc.llly available carbapenem for use in theunrred )tates w.rs imipenem, released in 19g5 followed a

*..0:. I.rter.by .r,eropl.rem (releasecl in 1996j .rncl shortly
rnereatter ert.tpenem. Imipenem is marketecl .ls a combi_
nation clrug with cilastatin (rvhich inhibits the renal hyctroly_
sis of imipenem). Nleropen€h anrl ert.lpenem, the othercurrently available carbapenems, ur" ,-rot combiued with
cilast.rtin.

f Carbapenems are the class of antibiotics with thegreatest activity spectrum of any class o, antibiotics for sys.
temic use in humans. They are active against gram-positive
(except MRSA), gram-negative, and 

-"n""roii" 
bacteria.

These agents (except ertapenem) are particularly usefulfor hospital-acquired infections where bacterial resistance
(other than MRSA and VRE) may be a concern. f

Sirnilar to the beta-lactam "rgents (especially the
ceph.rlosporins) the carbapenems h.rire ,-,o i.tir,rty ag;.rinst
i\lRSA, EnlL'roiocct.ts ftr,t.irriir, .rn.J Legiottilltr spp. In ,rtld"ition,
the ca rbapenems ha ve no .rcti v ity ag.r irrst S'l Ll t t o t ro pl t rt t r r o t t n;(forrnerly Pscrttlontoitas). .nnltttifuii,t. The actiyity of
ertapenem rloes not inclurle p. rterttgitrLtstt or Acitratobnclcr
spp., tivo organisms comrnonly involved in hospital_acqtrired
infections. The carbapenems, 

_imipe,le- ur-r.l meropenem,
are considered the drtrgs of choice for extendecl-spectrr.rm
bet.r-l.tL-tr mase ( ESBL) prod trcing organ isms.

The mechanism of action is iimilar to that of other
beta-lactam antibiotics .rnd the krxicities are srmilar. In
addition, imipenem is associatecl *,ith a^ i.creasecl risk oi
selzLlre.s i,r,hen .rdministereci in large closes to ;r.rtientswith ren.rl insr.rfficiency, a sicre eft'ect c.it,se.1 by the cilistatin
component (which ciecreases the seizrrre thresholct). Referto T.tble 6 for selected dosing, route of .rdmrnistrertion,
ancl neeel for dose adjustmlnt for the carb"perlems.The pharmacology of meropenem has recently beer.r
reviervecl (2,39).

Beta-Lactam Allergy
Beta-lactam antibiotics are the most common class of anti_
biotics associated with aclverse reactions partly because
they are the most irequentlv useri class oi antibiotics. It
\4'as. previouslv estimated that 1,/n to 10,/u of patients
receiving penicillins will develop an adverse efiect (a0).
However, that estim;rte was probably high, irncl the inci_
clence, of potentially I j fe- th reaiening i,lnptyi o.tic reactions
is far lower (41).

Beta-lactam allergies are classifiecl as immecliate,
accelerated, or delayetl. Imrnecli.tte reactions .lre of rapid
onset occurring 

'sually <30 mi^utes after aciministrtrtion,
with the clinical mirnifestations of laryngeal 

".1"_u, 
bronch_

osp.rsrn/ _hypotension, urticaria (hiv;s), pnrritus, and

li:lil::r:T* ,laphytactic shock. These ."o.iio,.,, are rgE_nleLirrted (Volume l, Chapter 33).
Accelerated re.rctioirs occur from I to 72 hours afterantibiotic administration, with the clinical manifestations ofurticaria and angioetlema. Delayecl reactions are those occur_nltg J davs to:everal lr-eeks.riter erposllre, with rash treing

the most common, but they may also inch,.ie rer.r.., sickness,hemolytic anemia, interstiiial nephritis, o.tn.uigirr, .rnd urti-caria. Onlv the immecliate and- .rccelerated rSactions have
major clinictrl significance i. terms of ar.rtibiotic selection.

Patients with a history of ;rrr immecli.rte or accelerated
reactron to peniciilins manifesting as Iaryngeal ec_lema, hypct_,"":il:l: urticaria, trndTor angio6ciema, siioulct not receivepe.icillins or a'y other beta-tictam antibiotics. In the event
rn.rr a patrent r.rust be- given penicillin, a penicillin skin test
snorrtct be performed for patients with accelerated reactions,
ancl if positive, then desensitiz.rtion is requirecl. If ,l"g.ltiu",
tlrese agents may be gir.en cautiousty. # patients with antsrory of penicillin allergy due to rash or pruritus onlyoccurring more than 3 days after administration are nomore likely to have any allergic reaction to a cephalosporin
than patients without a history of penicillin ailergy and can
safely receive cephalosporins. f

Recent studies indicate that the incicience ot cross-

:".Ylll y to cephalosporins in penicillin-.rllergic patients ispr(rorbly not tnore than two percent (.12). Cioss_reaclons
betrveen penicillins ancl c.rrbaper-r"rl, o.a.r. ,r"ruch rn,rre fru_
quently. d There is up to a 50% chance of developing a rash
to carbapenems in patients with a history of rash to penicil-
lins. d Aztreonam, .r rnonob.rctam, t-toes not clppear to h.rve
dny r'ross-re.tctivity in patients with imnredi.lte'reactrorls to
bet.r-lactants and is .r usefr.rl therapeutic option when arr
antibiotic possessing excellent gram:negativi rod activity is
inrlicaied irr ..r bet.r-lactam allergic patie'nt. f Aztreonam is
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considered a safe alternative in patients allergic to penicil-
lins or cephalosporins requiring gram-negative coverage,
and vancomycin is the recommended choice when these
patients require gram-positive coverage. f

AMINOGTYCOSIDES

llistory/Description
Aminoglycosides are naturally occurring autibacteri.rl
compounds prodi,rced b1. members of the Actinolnycetes
family that are filan'rentous bacteria that resernble furrsi.
Streptolll'6;1 (clerived f rom Sii cpkllrTccs,qrlscrrs) rv as d iscoi, -
eretl it.r 1943, followed in 19(.3 by geltarlicil (deri,"'ed fron
Actittorrulcctt's sp1.r.), and tobraml'cin (derived fronr Strrirfu_
trttlccs tL'trcbrnri us). The use of antinoglr.cosides lras declinecl
iu recent 1'eals due to neprh1s1611icity arrd the developurent
of less toxic alternatit,es. Hon,ever; the abilitv to dose these
medications once dailt' and the relativell: lor.v le,,.el of
resistarrce keeps the anrinogll'cosirles in tlre clinical arena
as a useful class of antibitltics (43,41).

Mechanism of Action, Pharmacology,
Administration, and Dosage
Arni'ogiy'c.sitles birrd to the 3ils ribosomai subu'it .f
bacteria-, therebv irrhibiti.g proteirr sy.thesis. The abilitr. of
atninoglycosides to reach ribosornes, rvhich ar.e irrtracellular;
is facilitated by the co'current use of a^tibiotics that inhibit
the syrrthesis of the bacterial cell wall, such as the beta_
lactam arrtilriotics arrd vancourl,cin. This sl.ner.gistic activity
accoullts fbr the clinical use of conrbinatioir of in aminogly_
coside n'ith a penicillin beta-lactam or. r,arrcomycin for
serious enterococcal infectrons.

The. aminogll'cosides exert concentratiorr_depenclerrt
killing. Thev also have a prolonged post_antibiotic effect
that allolt's for orrce-daily dosing in -u,.,1, patients. Amino-
glycosides have poor oral ahsorl.iion and iher.efore are admi-
nisteled parerrterally. Charrgei in the extracellular flr_rid
contpartnte.nt,,as in corrgestive hear.t failure, ascites, or deht,_
draliorr, n ill alter tlre 

'olu're of distributiorr arrtr 
^ecessitaiedosage ntodifications. Aminoglycosides have negligiblc,

protein Lriuding. The average half_life for aminoglr.ios"ides
ln patieltts r,r,ith normal. renal function is aprprroiimately

l,: l:,llt Onrin.ogl; cosirJes are significarrtlr' ieniove.l L,)
nemocllatysls hul k) a nruch lesserertentr.ja per.itorreal dialy_
sis. Aminoglycosides clo trot cross the bloocl br.ain barrier,
evetr in the preserrce of inflanred nrenirrees.

kradirrg ciose is often adnrirristJred irr the criticallvill 1.5 to 2.nr97kg for gerrtamicirr or.tobr.arnr,.i,.r o,rr.f i.i ii15ng/kg for anrikacir.r (Tatrle 7). Interpatient variability irrvolu'ne of distributiorr a'd re'al funciio. r" tt." ..iii.utiu

ill popr-rlation necessitates monitoring of aminoglycoside
cclncentrirtiorrs in the serllnt. Ideallrr, peak concentrations
should br. olrtained 30 minutes aftei a 3O-minute infusion.
Trough concentrations should be drar,r,n as close as possible
prior to the start of the next dose. Recerrt studies sutgest that
single daill' dosing is at least as efiective as traditjonal
dosing (due to the prolonged post-antibiotic effect) and
may be less toxic (because the kidnevs .rre allon,ed some
recovery time betu,een tloses, n,hen the lrlood cor.lcentratron
is lor,v) ("15).

Antimicrobial Activity/Spectrum/ Resistance
Aminoglycosides are active against aerobic gram-negative
bacilli and certairr mycobacteria (including'Mycobncieritntt
tultercuktsis) arrd have in vitro aciivitl, againit miny Staphy_
lococcus species. Despite in r,itro activitl; aminoglycosides
are not trseful as single agents in treirting gram_positive
irrfectiorrs. Hon'ever; aminoglr.cosides can l.,e rised synergis_
tically with either beta-lactams or glycopepticles in patie"nts
r'itlr eitlre' s. nrtruts.r errteroc.ccal infectlons. BttrklnlLlcrin
(forrrrerly Psetuionnrns ccyacin) and Stenotrttpltttrrtoutts (for_
nrerlv Pscrrdornotttls or Xnnt.homonas) nnltoplrilio are typically
resistant to all aminoglvcosides. Thil rather narLon,
spectrum of activity is reflected irr Tables 1 and 2 showing
a_rninogll,'cosides as mainlv alternative agents to first-linE
therapt'.

The most common mechanisrn of anrinogll,cosicle resist_
arrce is the production of plaspJ6_rnucliatetl aiiinoglycoside_
moclifying etlzyrres. Resistance of enter.ococci to gentamicin
was first_reportecl irr the Urrited States 15+ years ago. A
srlrvey of eight Urrited States tertiarl,_care hostritals demon-
strated tltat 25',/,, ()f enterococci had high_le""i ."rrrru.,." tn
gentanricin. TJrese organisms al.e gerreralll. resistarrt to allollter anlln()gll cosides, but occasiorrallr. are susceptible to
streptom) cin.

Adverse Effects and Drug tnteractions
of All aminoglycosides are nephrotoxic and ototoxic andcan prolong the duration of neuromuscular blockade

31,:9:' 
f Anrirrogll,cosidc,s ar.e reabsorbed by the proximal

tubule accu.r.lati'g irr the'e..rl corter. This .rccotr'ts for.the
nephrotoxicitv, n'hich is reportedll, most cornmon for gerrta_
micin arrd least cornmorr for streptontl,cin, with amikacin

il]l^,*::,"y.in teing intermediaie. Clinical nephrsfe1t611,
does not usrralll'occrrr urrtil after at least l week of
ll]ll1l],:, ii.tl is nono.liguric. Nel.,hrotoxicity is tvpically
re'et'stLrtc; lto\^'e'el; ottrkrxicity (either vestibrrlar or aucli_
torv) is,genc.r-.rll \' 1'E'111..,,.t.trt. potentiaticln of neu romuscu lar
ntocKd('le nra! also occrrr with the .rminoglr.cosides, even
a f ter ct'rpious peritorrea I i rrigati on w iin 1"".-i""glycoside

dfbrAdjustnrelltBasedUponRenalorHepaticDysfunction

Anino-sll,coside
drug name

Typical adult lV close

lange and inten,als

Requires dose

adjustment fur
lenal insufficiency

(CrCl <30 rnl/min)

Requires dose
adjustrnent fbr.

hepatic tailure
Gentamicin
Tobrantycin
Amikacirr
Streptomycin

I 5-2 5 nrg,/kg ql2 hr.or.5 mg/kg

1 l-2 5 rng,/k-u ql2 hr or -5 rng,/k_,I
7.-s mg/kg q l2 hr. or l5 mg/k-u qi4
l0- l -5 ng,/(g ql4 61

q24 hr
q24 hr
hr'

Yes

Yes

Yes
Yes

No
No
No
No

Abb rtyiu t iort : lV, intravenously

MYLAN PHARMS. INC. EXHIBIT 1119 PAGE 43



I

i

i

Chapter 53: Antimicroblat Therapy 935

(Volume 2, Chapter 6). It is treatecl prim.rrily by strpportr,",e
me.rns (ainv.ry protection or','entilation).

The ototoxicity seeu rvith furosemide is aclr.liti,,,e rvhen
aclministerecl concomitarrtly with aminoglycosides. Bumeta_
nide is less ototoxic antl should he considere.i lvhen cor.rco-
mitant use of .rminoglycosides 

"rncl c-lirrretics are neecle.cl.
Age greater than 60 and co-ar{ministration of other

nephrotoxic drugs can exacerbate the nephrotoxicity clue
to aminoglycosicies. Examples oi these clrtrgs incltrcle:
amphotericin B, vancomycin, Lrarenteral bacitralin, capreo_
mycin, ciclofovir, cisplatin, cvclosporine, foscarnet, gonci.lo_
vir, IV pent.rmidine, poivmyxin B, streptozo6in, or
t.rcrolimus.

Therapeutic/Clinical Uses
0entanicin
Centamicin is usecl alone ptim.rrily ior r-rr.in.rrv tract infec_
tions. . It is trlso typically useti in conjtrirction ivith
extended-spectrum penicillins for nosocomial infections
caused by Etrtcroltnctcr spp. and p. nerrtgiuosn. Combination
thera.py including an iminoglycoside rvith agents that
provide gram-positive 

.or anaerobic actir.ity is 
'iretluently

ttsed..in potentially polymicrobial infections lvhen'gram'-
::qitj"" rotls rnayr be playing a role. An aminoglycoiide is
Lrse('t nl combin.rtion therapy lvith either.rnrpicillill 61 1,.1n.n_mvcin for several diff'erent types of enclocarditis, most
commonly those that .rre due to enterococci.

lobramycin
Tcrbramycin has essentially the same parenteral uses as
q:':tX-]:lll_Jf fr1 sylnt"r activfty againsi Acittctobncter spy.t.
a.nd /i rrr,nrtltos{l but less activity against Scrrntiu ntnrt(,sct:ns
than gentar-nicin rloes. If organisms'are resistant to gentami_cin, they.will likely be resistarrt to t.,brornf ._in. Inhaletl
roDrelm'.crn has been assclciatetl with inrproved puhnonaryfunction ancl decreasecl hospitalizati,r. ;; 

-patlents 
witncystic fibrosis.

Amikacin
Amikacin is useful primarily for organisms that are resrstant
gentamicin and bbramycin. It is also use.1 in combintrtionwith other antibiotics, ior example, f--i"f".,i.", due toNocnrdin nstcrttitles and occrrsionaliy for infections .iue to M.tttl:ercttlosis or NI. nt'ittrtt complex.

Streptonycin
Streptomycin is sometimes trseci (as part of crtrnbination
therapy) in the treatrnent of multiclrtrg-iesistant itrbercttrosis

antl rnay be useful in the treatment ot some gentamicin_
resistant enterococcal infections. It is also the clrug of
choice for several potential bacteriat agents in bioterroiism,
such as ttrlaremia and piague, altholrgh gent.rmicin c.rn be
trsetl a ltern.rtively.

TETRACYCTINES AIID GTYCYTCYCTINES

History/ Description
The-tetracvclines rvere isolated ftom Strtytonryccs spp., first
usetl 

_clinically over 50 years ago. f ietracycline-has a
broad spectrum of activity against gram-positive, gram-
negative, and anaerobic bacteria as well as ricketisiae,
mycoplasma, chlamydiae, protozoa, actinomycetes, and
even certain viruses. d Tetracyclines .tre inirecluently
usec-l in the,lCU setting Hon ever, when they ur. 

"_ployud,it is usr_r.rlly to combat pneumoniil dtre to presurnecl or
known "atypical" agents (Tirble g). Doxycycline and, to a
lesser extent, minocvcline are the *ori i,r_nl,rnly use<ltlrugs of this class. The tetracycti"", nr"-iliil commonly

l::l fui :.*rnunity acquired pithogcns, .ulr.l t,"u" r*.*ntiy
beerr leviewed in depth (Jtr,17).

Mechanism of Action, pharmacology,

Administration, and Dosage
The.tetracvclines are simil;rr in mechanism of .rction to ami_
noglycosir.les, as both antimicrobials inhibit bacterial protein
synthesis at the ribosomal level. Horvever, in r.egartt to spe6_tnrm of .rctivity, the tetracyclines more closelyiesemble themacrolides. The tetracyciines are typically bacteriostatic
r"rther than bactericidal. TetracycliJJ is Jxcrete.-t in theurine .tntl shoulcl be avoirlecl in ienal insufficiency, becarusehigh concentrations of the accum"l"t".i ;;.,;'are hepato-toxic. In contrast to tetracycline, cloxycycline,'an.l minocy_cline ;rre elirninated through t-repatJt,iiia.f-prn..rr", n,iican be used in.patients r,vith renai insufticiJnJv.

. Dgry.ycline ancl other tetracyclines can be adminis_tered.either parenterally or orally, ind becatrse of the longh.rlf-life, can be administererl ,.,rl.1" o, trri.e .iait1'. Refer toTable 9 for tetracycline dosing and neecl t", .i"r" .-r,_iir,ri,"erra

Antimicrobial Activity/Spectrum/ Resistance
The tetracyclines are currently uiilized for the entpiric treat_m::l of comrnunitv-acquire.l pneurnonia because of theircicuvlry ag.lnst both rn;ny pyogenic b.rcteria and ,,atypic.rl,,
organrsms/ such as Mrlcoplnsn.tn spli., ChlnrtrVdlii spp., oi i,lgio_
trclln spp. They also hive utility in the treatmentllt infections

Table 8 Antiniicrohial Dr.ugs of Choice Asilinqt Atypical Organisnrs

IVlicroolgan i snis Drug ot choice Alternative agents
M vco 1tl a.uwt 1t ttc utuo tt iu c
Chlonn'diu psittttt.i
C lt I utnuliu pn eunun iue
Ehrlichia spp.
Rlt (ctt,rirr spp.
Bo rreI iu btt rgdo ia ri (Lyme clisease)
Lcltto.spiru

T re potrtt no pu MI u n (syphi I is.y

Act,iorn.t'r't,.r spp.
NoL'ttxliu spp.

Azithromycin or ii tetracycline
Flourqui nolone or cloxl,c-vcl ine
Azithromycin or tetracycline
Dorycycline
Doxycycline
Arnoxicillin or cloxycycline
Pen ici llin
Pen ici llin
Penicillin
Co-tlilnorazole

Fluoroclu inolone. erythromycin, clar.ithrolnl,cin
Chloramphenicol
Fluoroclui nolone. erythromycin, clarithrontyci n

Ch loranrphen icol. rifhnrpi n. fl uot.ot; ui noltxe
Celiria-rone. cefbtaxi rne, azithron-rycin. clar.itlrr.omycin
A tetracycline, ceftriaxone
Ceftriaxone, a tetracycline, erythr.onrycin
A tetracycline. erythrontycin, clindamycin
A tetracvcline. carbapenem, linezolid

I

I

i

I

I

lr

I
I

t
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Table 9 Antibacterial
llepatic Dysfunction

Agents: Requilinr selected Dosing and Need tbl Adjustnrent Brsetl Uporr Rerral or

N.Iisc. clrug nante

Tlpical adult IV
dose lange

and intelvals

Requircs close

ad.justrnenr for'

renal insuflicierro,
(ClCl <30 ml-,inrirr.)

Re<;uires dose

adjustnrent fbr
hepatic llilure

N{imocl'cline
Doxy cy'cline
Erythromycin
Azithromycin
Clarithronrycin
Cliudamycin
Metronidazole

Qui nupri sti n/dalfopri stin
Linezolid
Vancoml,cin
Daptom),cin
Rilarnpin
Tmp/suliaruethoxazole
Aminoglycosides
Tigecycline

100 nig ever'1, l2 hr'

100 mg every l 2 hr
0.5-lgevery6hr
0.25-0.-5 g everl' 24 hr.

500 nig olallv everv 12 hr.

600 mg everr, 8 hr
-500 mg ever5 8- l2 hr
7.5 ni-e/kg even. 8 hr
600 m-q everyl2 hr
l-5 nrg/kg every l2 hr
4-6 mg/kg every 24 hr
600 mg every 2.1 hr.

5 rng/kg of rmp ever.y 8- l2 hr
Table 7
100 rlg once tbllowed by

50 rng every I2 hr

Ntr
No
1\o

No

Yes

Nrr

No

Ncr

No

Yes

Yes

No
Yes

Yes

No

+
+
+

No
Ncr

No

Yes

t
+

No
No

Yes

+
No

Yes

Nole: :L indicates althor.rgh specific
Altlu eriutiurts: Trn1r. tl 1nra,1.ron,.,n.

dosage gLridelines are llot available. a rcduced dosage rna;,bc nccessarl,
J\'. irrtl lrverrorrslt

due to Blrt.r'l/n spp., rickettsiae, chlamydiae, syphilis, Bort.elin
ourgd(tt.Jcn (the agetlt of 

.Lyrne infection), Vil,iio sy.p., ycrsitrin
spp., Frnncisclln tularensis, Lcptosyirn spp., arrcl genital infec_tions. The tetracycline group is also uslful in the treatmerrtof some nontuberculous mycolracteria] infectrcrrrs (suchas Mycobactarin nmrim,Lnr). .ietracycline, *,.r." originallvthe only drugs available to treat Vnf, Iio*=r,"r; linezolid,
daptornycirr,_ and quinopristirylclalfopristin have Lreenrecentlv used as rvell.

Adverse Effects and Drug Interactions
The tetracyclines are generally w.ell toleratecl lvith tr,r,o
t-lt^lf 

li . l, excep.tions :. photosensiti vi ty unJ Jir.of o.u tiorr ofcteveloping teetlr arrd bones irr chiidren. Minocycline isalso associated r.r,jth vestibular toxicjtv an.t a blue_tingedhyperpigmentation of the skin u,.,a rnr.n.rr ,.,.,1,.,.lb.ur.,"r.
Milk, antacids, iron. supplgrnsllls, arrcl pro[2fly 6111",agents with divalent cations decrease the gastr.ointestinal

absorption,of oralll' admrnrstered tetracycli^es arrd shourdbe ingestecl several hours before or after the admrnistration
of tetracvclirle (lvl-rich is.best taken o. o,., 

"nljy stonrach).These oral divalent cations have less ;ff.;i;rr tht oralabsorption of doxl,cycline and minocl,.li;;.--' '

Therapeutic/Clinical Uses
As a result of the broad spectrum of the tetracl,clines asn-oted. above, these agerrts ire useful in a u,iie varretr. oflntections; however, they..are rareh, indicat".j ;, tlr;-;."gof choice in the criricallli ill patienr e-"f;i ii,"f* u.eatnlentof rickettsial infections and pulmonarv infections clue to"atypical" agents (Table g).

Tr,ryy:line, a glycine derivatir.e of nunocl,cline,received FDA approvaf for skln and skin,,.u.,.r." infectior.rsand complicateilntra abd_onrinal i,.rf";ii.,;; ;005. Like rlretetracl,clines, tigecl.cline has a broad ,t;;;;;'of acri'it'(48,49). It is -active 
agalnst granr-positivt, organisrni,

gram-nega tive aerobes, anaerobes, a ncl,,a tl,pical,, orgarrisms
like Cl'rlamydiae ancl Mvcoplasma. tt also liai aftirritv againstorganisms tl-rat are tet'acy'cline r.esista.t an.1 is ario lctii eagainst N4RSA, MRSE, \/RE, and Penicillirr_resistanr plleunlo_
cocci. A notable gap in its spectrum is a lack oi acti;itagainst P. neruginosn, n,hich coirld Iirnit the use of tigecyclinein the treatrnent of trosoconrial iufectiorrs, esprecially HAp.Hor.t'ever, sirrce it is n.ruch r.nore potent-ihai other tetra_cyclines, rt'l.riclr are bacteriostatic, tigecycline ir:ill l;kely finduse ln_noll_pseudonronal HAp The major side effect notedin early phase trials is nausea and vomitint in p6fis1115(20-351?') Tigecl'cline rs only availabre as arr i.tLa'errouspreparation dtre to poor oral bioavaiiabilittr Its potentialplace irr tl-re theraperriic arnrerrtariun, i. f"i*.,a"fi,r".f .

MACROIIDES

History/Description
Ery'throml,cjn rvas the first clinic.alll, availatrle rnacr.olir-learrtibiotic, and n'as introduced clinicattfl irr'the 1951)s.Elvthloml'cin is derived flt)nr ths.s611 fr',ngur,'Sf,rp Iotttvccsenltlrrt'Lts. Modific.rtior.rs of the er1,thronlr,cii' llienli.al struc_tule have led to tu'o ner,
itrrrom'ci.)B".h;,1;,,:;111i1**5:',.,,iif :x,,;:liii,._,;
better gastrointestinal toleribilitv 

""d ; -.;;l;l^',Lat broadt r
:f-":li.:'i'^ :f i:,jr i,) . 

than eryilrrorn_r,cin, .rlthouglr at I
Frea ttv rncreasetl (.( )st. The macroliJes are rel iervetl irr
ser-er.rl recent articles (50_52).

Mecharism of Action, pharmacology,

Administration, and Dosage
The nracrolides all act at the ribosome bv inhibitirrgRNA-depende.t prrrtei' synthesis. Azithromvci' ant-rcrar't,''ot)t\'(.irr are acicl_slat-le a'd *,ell atrsorbed l.r..rn llregastlointestinal trar:t, irrespective of the presence of food.
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Erythromycin, r,vhich is inactivated bv stomach acirls,
rerluires enteric coating to irrcrease its eiTicacv. Al1 rnacro-
licles are rapidly absorbecl and concentrate well within
tissuc.s, incltrding phagocvtes. The high concentr.ation of
nr.rcrolitles rvithin phagocytes serves as a tlehvery sysrem
of the drug to the site of infection. f Azithromycin has an
extremely long intracellular dwell time, permitting once
daily (or less often) dosing. Cf lncleec1, azithromvcin is
often usetl once r,veekly for the prophvlaxis of mycrrbicterial
infections in patients u'ith AIDS.

Various erythromycin products are .rvailable for both
or.rl and parenteral aclministrirtiou. Intravenotrs adrninis_
tration of ervthromvcin is associated lvith thrombophlebitis,
ancl intrarnnscul;rr injections shoulci be avoitled tltre to pain.
Oral and intravenous azithromycirr are also avail.rbie. A
p.rrenteral form of cl.rrithromycin is currerrtlv not avail.rble.
Dosing guidelines are shown in T.rhle !r.

Antimicrobial Activity/ Spectrum/ Resistance
Ery'thromycin, clarithromycin, and azithrom).cin all have
bacteriostatic activity against gram-positivi organrsms,
sr,rch as Strtyttococctrs prrcunntniot, ar.rd some S. nrlrsris. These
.rgents alst-r have good in vitro and clinical activity against
Il'lycoplasma, Legioneila, syphilis, ancl chlamydia!. Ot
note, both clarithromycin ancl azithromycin have activity
aga.inst.some mycob.rcteria (incltrcling M. nttium complex;
anrl Hellcolrnr-Id,. spp. Erythroml,cin l.riks .rctivity agtrinit H.
uttttrnrtc, .n,here.rs both azithromycin and claiithlomycin
are efficaciotrs against this .tgent. The macrolides are
frequently used in patients with ailergies to beta_lactams,
especially for infections due to gr.rm_positive bacteria.
H-owever, they have very limited activity .rgainst
IVIRSA anct enterococcus, and a significant proportion of
s' prrcttrrtttttioe are resist.rnt t. the mac"roli,les in strme rocirles.

Adverse Effects and Drug Interactions
Castrointestinal intolerance is a fretluent complication of
or.rl erythromycin products, wheretrs the other macrolicles
tenc'l to be mr,rch better tolerated. One advantaqe of .rzithrt_r
mycin over the other macrolides is the absencJ of clinically
significant drug.tlrug interactions involving the cvt.i_
chrome P-.150 sysrem (Cp450) (Volume 2, Chapier -l).

Therapeutic/Clinical Uses
Macrolides are commonly useti for communitv_acquiretl
pnerrmonias and in.patie_nts i.r,ho are .rllergic to peni.:illins.
.lhe promotilitv side effect of lorv-drtse-erv.thromycin is
increasingly trtilizeci as a promotility 

"rgent in critiially ill
patients n ith g,rstroparesis.

uNcosAMtDES |CuI{DAMYCIU
History/Description
Clindamycin, a lincosamide tlerivative, hirs been i. clinic.tl
ruse since the mid-1960s. Although clinclamycin is irssociatecl
r,vith C. dilficila colitis, it rern.iinJ one of the m"rinstays in the
treatmellt of serious anaerobic inf-ections, ancl as rrn alterna-
iive .rgent for some S. rttrt'crts inf'ections (51,53,5.1).

Mechanism of Action, pharmacology,

Administration, and Dosage
Clinr-lam;'cin inhibits RNA-tlepencler.rt protein synthesis
dctirlg at the ribosomal level (intusion simiiar to rnacrolides).
Altirough oral and intravenous preparations of clinclamycin

penetrate most bodv tissues (including lung, live, bone, and
extra-cranial .rbscesses), it does not easily cross the blood-brain
barrier or enter the CS!, even when the meninges are inflamecl.
Thus, metroniclazole, which fullv pc.netrates*the CSF, should
be used for any CNS infections involving anaerobic orsanisms
(other than CNS toxoplasmosis-which can be treat"ed n,ith
clinclarnycin). Dosing guidelines are sholvn in Table 9.

Antimicrobial Activity/Spectrum/ Resistance
Clinclamycin has a_.spectrum of activity that inclucles many
.rn.rerobes, especially oral tlora; some aerobic gram_positive
cocci, including most strains of pneumococci; ither itrepto-
cocci; S. oureus; Pneunocystis cnrinii; and Toroplnnst goidii.
Clinciarnycin has no activity against enterococci and has
limitecl activity agtrinst most lvlRSA. The malority of
"rero[]rc_ gram-neg.ttive bacilli are intrinsically resiitant
to ciindamycin. Most intestinal Bactcroitles spp., especially
oi B. Ji'agililis are resistant to ciindamycin 1SS;. ttinaimycin,
therefore, shoultl not be a first-line antianaerobic ue".,t to
treat infections below the rliaphragm

Adverse Effects and Drug Interactions
Clindamycin exerts a direct muscular depressant effect, and
ltay prolong the duration of nenromusiular blockage (56).
Diarrhea is a cornmon side effect of clind.rmycin, e-ven in
the absence of colitis, and the potential for the c-levelopment
of C. difticilc colitis makes the use of this antibiotic compli_
catecl, limiting its use to severe infections u,ith clear
indications for use.

. Clindamycin has no clinically significant drug_drug
rnteractions.

Therapeutic/Clinical Uses
Clindamycin is used most commonly for infectrons outsideof the CNS (ercept cerebral toioplasmosis) th"tt are
thou€iht to incltrde .rnaerobes, espeCially B. y'.rl.gi/ls anct
other penicillin-resist.rnt anaerobes. Clin.iamycin is utilizecl
in some. pulmonary infections, especially aspirirtion pneu_
rnouia that is community_acquired anj .rlso as .r useiirl
.rlternative to penicillin.

Clindamycin hars been successfully usecl in the treat_
ment of pelvic inflamm;rtory diseirse lFtO; tor years. Ihis
success probably rel.ltes to the fact th.rt vtrginal .rnerobic
tlora .1re more similar to oral anerobes than io colonic ane_

1ob9s i1 general. However, if the pID infection involves
B. frngilis, metronidazole is a better choice. Although sexu-
ally.transrnitted pathogens can cause pID, these infections
tenrl to become polymicrobial, involving ;rerobes and anae_
robes. Clindamycin is frequently used viith other antibiotics
that have gram-negative.bicillaiy activitv. Since clindamycin
is a.protein syt'rthesis inhibitor ind can act even when cells
are in stationary phase, it has utility in the treatment of bac_
teri.rl toxidromes and in sitr.rations iuch as necrotizin;; fascii_tis. f Because of its gram-positive and anaerobic
coverage, clindamycin is useful (with combination gram-
negative therapy) for necrotizing fasciitis, most oral and
vaginal anaerobic infections, and diabetic foot inrections,
which tend to be polymicrobial and virulent. d

METR(lI{IDAZ(II.E

History/Description
Nletr''itlazole is a nitroimidazore clr'g first sy.thesized in
the 1950s and was originally recognizicl as being eftective
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against certairr protozoa. hr the 1960s metrorridazole rvas
recognized to also possess excellent anaerobic antimicrobial
activity (53,57). f Metronidazole is indicated for the treat-
ment of serious polymicrobial infections involving anae-
robes (e.9., necrotizing fasciitis and infections involving
contamination from the Gl tract). lmportanily, other agents
with aerobic gram-positive and gram-negative coverale
must be co-administered. of

Mechanism of Action, Pharmacology,
Administration, and Dosage
Metronidazole enters the cell by prassive diffusiorr r.t.here its
nitro group is reduced by electron transport proteins r4,ith
low redox potential. This process producei metabolites
that altel' the helical structure of DNA ancl subseouentlv
causes cell death (58).

Metronidazole is ra;riclly absorbed in the gut. Incleed,
serum levels are similar follon,ing oral and intravenous
administration. Altl'rough,metrorrid]zole is aIrnost conrple_
tely absorbed after oral admirristration, critically ill patients
sl'rould receive therapy via the iutrar.enous route urrtil
stable (59.) When the patient is stable, and the gut is func_
tional, ad'ri.rist.atiorr shourd be co.rvertecr to trre errterar
route for cost sa\ring since it is nearly 100?1, bioar.ailable.
The liver meiabolizes metronidazole lnto a water_soluble
metabolite, and both this metabolite and the un_metabolized
metronidazole are excreted in the urine. No dosage adjust_
ment is-required in those nith renal insufficilnc1,,'but
dosage should be reducecl in patierrts u.ith hel.ratic insuffi_
ciency. Therapeutic drug ler,.eis are attained in most
tissues; excellent ler.els are found in the CSF.

In severe anaerobic infectiotrs, metronidazole is admi_

lt:!:i9 as a loading dose of 15 mg/kg intravenousty fol_
ror^,ed lry ,;5 Tg,lkg er.er1' six to eight hours. This t1,picall1.
equates to 1 g followed by, 500 mg ever), six to eighi irours.

Antimicrobial Activity/Spectrum/ Resistance
Metronidazole is active against certain protozoa, including
Ti'ichononas, Ginrdin, and Entantttcl:,1 hovever.; its ;rr.imaryrole in th.e critically ill patient is as an extren.rsll, 3c1i1.s
agent against obligate a.aerobic bacteria a'd is the anti'ri-
croDral agent most reliably active against B. .ft.ngilis (60).
Resistance has been reporied in Euripe arrJ Africa but isvery uncommon (53). When metronidazole resistance doesoccur, it is most conrnrorrly attributable to the presenceof one of the five knorvrr llirr nitroreductase gerres (61).
Metronidazole resistance ha tl-uot previousll, Lreel rel-.,,.rrte.i
in B. fr"ngilis isolates from the Westerrr Hemi'sprhere, r.ecentlv
a serious infection involving a metronidazof"-'r"rirtu"i n'1i.n_
gili.c iss1.1. *'as recovered fiom a patierrt i" Se"ttl", iv;;i;.;_
ton in 2004 n'ith the lrrlA nitroreductase gene (61).

Adverse Effects and Drug Interactions
The most severe adverse effect seerr rvith metronidazole,
although rare, irrt olvss the central nervous systen.r atrd
may ilclucle seizures, errceph6l6rpslhy, cerebellar dysfunc_tion, and peripheral neurbpathy. 157,t. Mor.e |""l,*r"i,rnetronidazole causes minoi gastrointestir_ral sicle effectssuch as nausea, diarrhea, a metallic taste, stomatitis, arrddry mouth (57). Alcohol should b" ";"i;;; *,t.,ii" r.".",.,,,i.grnehonidazole because it can induce a disulfiranr_likereaction (52,62). lr4etronidazole inhibits tire nretabolism ofyarfarin and will prolong the prothromtri" ,i-" and INRrn patients taking cbumari"-typi ."ri.."S., i",-ri,'io:f

Therapeutics/Clinical Use
In general, as a resuit of its spectr.um of activitl., ruettonida_
zole is extremely useful in most anaerobic ir-rfections lr,ith the
rmportant exceptions of those due to AcllirollrTccs spp. and
Prol-ri6116vfa6ierium actres (57). The excellent penetration of
metrorridazole irrto all tissues comtrined n'ith its Lractericidal
activitt' makes it effective for the treatnteltt of rnost serious
anaerobic infections (57). Man1, serious anaerobic infections
'are polymicrobial, therefore, aclditiorral agents rvith better
coverage agalnst gram-positive aerobes and grant_rregative
orgarrisms are also necessarv. f B. fragitis is probably the
most frequently encountered clinically significant anaerobe
where metronidazole should be considered the drug
of choice, especially in intra-abdominal infections (SZ). f
Metronidazole is also the drug of cl-roice for tlre treatnlent
of psgycl6msmbrarrous colitis due to C. tlfficilc (5-{). Oral
valtcont)/cilt is arr alternative in seriouslv ill patierrts with
pseudomembranous colitis.

QUI{UPRIST|N/ DAtF0pRtsTtN (syt{ERctD,'}l
History/Desmiption
The evolution of multi-dr.u5; resistant bacteria, irrcluding
N4RSA and VRE faeciunr, his created a pressir.rg need foi
effective alternative antibiotics, hence tire utility of the
streptograrnir-rs (i.e., quirrupristin/dalfopristirr), iinezolicl,
and daptomycin.

,-, , th" streptograminls are a family of cornpounds iso_

?::i I.9l srrcpto111y1-gs l.tristitnesltirnlis. The family is
drvrded urto group A and grou;.r B based on molecular siruc_
ture. Dalfopristirr is a derivative of a group A streptogr.amin,
and quinuprristirr is a group B stre"ptogr.amiu. These tu,o
streptogramirrs have been combined iir a iommercially avail_
a-ble i.jectable for'r at a 3r):70 rveight-to-rveight ratio. lndi'i-
dually, these compounds demonJrate only"moclest irt vitro
actir.ity. Horvever, the cornbination is synlrgistic. Unfortu_
natelli in'itro studies also dernonstrate tirat tire combi.ation
of quinupristin and dalfopristin is not bactericidal against ali
sl)ecies and strairrs of common gran_positive orgatusnls.
, Quinupristin/dalfopristin, a combination product
knolvn as "S),nercid," hils ,lemclnstrated activitl, agairrst
most strairrs.of aerobic gr.am_positive rnicroorganiimsl botlrur vrtro and in clinical infections, includin-g; E. faeciurrt(vancomycin-resistant and multi_drug r"ri3iurlt ;train;
only), 5. arrrerrs (both MSSA and MRS,{), and Stcptococcus
llu0gcncs (group A beta-hemolytic streptococci) (64,65).
This conrpotrnd is bacteriostatic againsi E. fnaciunt and.
bacteric.idal against str.ains of meth]cillin-susieptible andnrethicillin-r.esistant Stnphtllococci spp. Importantlv,
dalfopristin/quirrupristin i.,u, .,o activitf uguir-rrt Eu t erococ_
c,tts ftccolis. A post-antibiotic effect nas tre""r", dentonstratedror ). 0trret$: set,en hours for nrethicillin_strsce_ptilrle
strair"rs; five hours for methiciliitr_resistant strains. Since the
1ode.3f actiorr of streptoglanlirrs cliffers from other classes
or antlbactel.ral agerrts, ther.e is rro cross_resistarrce.

Mechanism of Action, pharmacology,

Administration, and Dosage
Quinup1i51lll anr-l dalfopristin bind to sequential sites located
or-l ure 5U5 sulrtrrrit of the, bacter.i.rl riboson.re. Dalfopristin
Lrinding causes a corrformational chatrge in the ribosorne
that_subsequerrtlv increases the bintling "of quinupristin. The
tr.irrdirrg of l.oth nscnls t(r llre ribosoine .o,.,rtli[t, {he exit
clrannel trn the ribosonre thr:ough r.vhich nascent polypeptides
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.rre extnrded; proper ftrnctioning of the ribosorne is blockecl

.rncl tr.rnsier RNr\ (IRNA) synthetase "rctivity is irfiibited
leacling; to .r rlecrease in free IRNA within the cell. Withor.rt
these tRNAs, the bacterial cell c..rnnot properly incorprelalg
.rrnino acicls into peptide chains leacling to b.r6ig1i11 cell tleath.

Quinr-rpristin/dalfopristin undergoes hepnli6 metab-
olism, trrrtl both com;rotlnds h.tye trctiye urettrbolites.
Horvever, no increase in ac'lverse events has been reottrted
in patier-rts with hepatic inrpainnent, anc-l no .insoge
reduction is reqtrirer'l in these patients. The p.rrent drr-rgs

"rntl m.rjor metabolites are eiiminatecl primarily by fec.rl
excretion (75'ii') n,ith a small portion of unch.rnge,.l quinu-
pristin ancl tialfopristin (15-199;) eliminatec-l rentrlll,, In
patients u,ith a cre.rtinine clearance <29ml1min, a 30,,/,,

increase in the combineil AUC of qtrinupristinlclalfopristin
and their rnetabolites has been obsen'ed, but the mantrfac-
truer has not est.rblishecl guiclelirres for dosage reduction.
The manuf.'rcttrrer's recommendet'l intravenous close of cui-
ntrpristin/clalfopristirr in rrtlults is 7.5 mg/kg given rrvei t,[)
minutes every eight hours preferably through a central line.

Antimicrobial Activity/ Spectrum/ Resistance
Resist.tnce to the streptc)gramins has been reportecl (66,67).
The ntost c()mmol1 expression of bacteritrl resistance to
streptogrtrrnins is throtrgh conformational arlter.ttions in
ribosomal target binding sites. Horveveq it appears th..rt
mtrltiple point rnr.rtations are required for drug resistance
to this combirration procluct to clevelop.

Adverse Effects and Drug Interactions
The most common adverse effects with quinupristin/
cl.rlfopristin are infusion-site reactions. Non-infusion
rel.rted reactions including naLlsea, diarrhea, vomiting,
rash, heac-lache, pain, ancl pruritns were reportc.ct witir
similar frecpency as comp.trntor antibiotics in one trial.
Elevations in liver enzymes (2-7'y"), increases in total and
direct bilirtrbin (1-5'16), thrombocvtopenia (2,:.), and
decre.rses irr hernoglobin of <8-me ldl (2.6,'1,) h.rve "rlsobeen rerrorted.

Qirinupristin./cl.rlfopristin is an inhibitor of Cyto-
chrome P{50 (CP150) 3A-l enzyrne. One str.rdy demonstraterl
.-r two-fold incre.rse in cyclosporiue levels withir-r twrt to five
tlavs of concomittrnt trse. Caution is recommene-letl when
concomitantly .rrlministering other .rgents that are elimi-
nated via the CP450-3A-1 isoenzyme pathway i,vith
c1u i ntrpristin,/ cla I iopristin (Voltrrne 2, Chapter,t).

Therapeutic/Clinical Uses
Quintrpristin,/dalfopristin is the n.rost expsnsilrs parenter.rl
antibacterial currently orr the market. t' The greatest
utility of quinupristin,,'dalfopristin, daptomycin, and linezo-
lid is in the management of patients with multi-resistant
enterococci (VRE) or MRSA inlections for which limited
alternatives exist. of The treirtment of VRE infections has
been recently revier.t'ec1 (68,69).

uNEZouD (ZYV0X i'l

History/Description
Linezolirl is one of .r new cl.rss rtf synthetic antibiotics knolvn
as f-lr.rnrinated oxazolidinones (70,77). This dmg5 is r'lesigned
to target N,IRSA; it also provides goorl activity irgainst other
gram-;-rositive organisms, inclr.rcling penicillin-resistitnt

Chapter 53: Antimicrobial Therapy 939

pneumococci anc'l VRE (72). This drug now provides an
.rlternative to vancomycin ther.rpy in trn oral formulation.

Mechanism of Action, Pharmacology
Administration, and Dosage
Linezolicl inhibits bacterial protein synthesis by interfering
with translation. Linezolicl binds to .r site on the bacteri.rl
23S ribosomt'rl RNA of the 50S subr-rnit; this action prevents
the fonnation of a functional 70S initiirtior-r complex, an
essenti.tl step in the bacteri.rl translation process. The
action of linezolicl is considered to be bacteriostatic against
Staphylococci anci Enterococci, but is bacteriocidal agerinst
the majority of Streptococcal strains tested.

Follor,ving oral administration, absorption of linezolicl
appears to be rapid lvith a peak plasma concentration (f,..n.)
of one to tw,o hotrrs (73). The oral bioavailability is approri-
matelv 100o/o antl as strch linezolid rnay be .rdministered
orally or intraverrousll, without dos;rge adjustment (73).
Linezolicl is clistributeci extensively to varions tissues.
Lirrezolid appears to partition into the central nervous
systern at a CSF: serum ratio of 0.65:1; it has been used to suc-
cessfr.rlly treirt ventriculoperitoneal shtrnt infections causecl
by VRE or cocrsulase-negative Staphylococci. Of major
importance in critical care, linezolid penetrates into bronch-
oalveol.rr lavirge fluicl and lung tisstre mttre effectively than
i anctrmvcin (7{).

The recommendecl adult dosage is 600 mg intravenous
nr orally every 12 hours for all ir-rclications except uncompli-
cated skin and soft-tissue infections, for which the iec_
ornrnencled clostrp;e is .100 mg orally everv 12 hours.
Elirnination of linezolid is primarily (65"1,) nonrenal. Cle"rr-
ance is mec'liated by non-enzymatic chemical oxidation,
which results in the formation of tn,o m.rjor inactive
metabolites, which are excreted renally (75).

Dosirge acljustments .tre not r,"."rr.lry in renal insuffi-
ciency or mild to moclerate hepatic dy'sfrinction. Approxi-
mately 30'/., of a rlosage oi lirrezolid is remorled bv
hernodialysis. For this reascrn, patients shotrld receive their
linezolid doses post-tiialysis.

Antimicrobial Activity/Spectrum/ Resistance
Soon after linezolicl bec.tme FDA-approved in the US,
reLrorts of linezolid-resistant VRE organisms r,vere it-lentified
at several institutions. Resishrnce with linezolicl htrs been
observed in 15 patients rvith enterococc.rl infections, and a
vancomycin-resistant strairr of E. frteciunr with reciucecl sus_
ceptibility to linezolici (NIIC : 8 mg,/mL) h.rs been isolatecl.
Preliminaly repctrts suggest that most c.tses of resistance tt-r
linezolid occtrr when the dmg is used for prolongecl
periods of time in patients with prosthetic clevices. Resist-
.rnce to linezolid is usually associated with single-point
mutations in 23S rRNA. Studies slrggest tl.re frequency of
spontaneous resistance to linezolicl is <i0 ".

Adverse Effects and Drug Interactions
The most frequently reported erdverse events with linezoliel
in one study were ditrrrhea (8.3"1,), nausea (6.611,), head.rche
(6.4/"), and vomiting (4.3'/"). In another study, tongue
discolrrration (2.5'/"), oral cantlidiasis (2.3,/"), and iniection-
site pain (1.4%r) were also reported. Thrombocytopenia
(plirtelet count {75'Z' of the lower limit of normal andlor
baseline) was reported in2.4"L of p.rtients rvho recei.u'ed line-
zolid in clinical trials. Linezolid-related thrombocytopenia
appears to be associated with prolor-rged dur.irtion of

i
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theraprl' (>2 u'eeks) and is generally reversilrle on cliscon-
tinuation.

Li-rrezolid is rnetabolized via oxidation of its nrorrrirolirre
ring, indeper-rdent of CP450 activities. It is 31'lr, protein btrund;
therefore, interactions via displacernent from frrotein binciing
sites are unlikelv. Linezolid is a weak, reversible irrhibitor o1'

humarr lnonoamile oxidase A. Consequerrtlr,, it has the
Lrotential to intt-ract r.r'ith adlenergic and ierotoirergic agents,
leading to hypertensive crises (Volurne 2, Cfiapter 17) a.d ser-
otonirl s)'ndrome (Volurne 1, Chapter 40 and \/trlume 2,
Chapter 46). Mearr irrcreases in sl,stolic bloorl pressur.e of 32
and 38 nmHg have Lreen observed in nonnotensive sulrjects
taking linezolid concornitantly u.ith pseudoephedrine and
pherrylpropanolarnine, respectivel\'.

Therapeutic/Clinical Uses
Linezolid is an expensive drug; or1€ clal' of linezolid costs
roughh/ the same antount as 500 days of either dox1z6y61i-,"
or co-trimoxazole. Although this antibiotic r.epresenis the
first in a urlique class of arrtibioiics (the oraioliclirrorres),
more clinical exPerierlce irnd fonnal pharmacoecononrics
data should be obtairred pr.ior to its rn,iclespreacl ciinical
use. Linezolid should Lre r"eseri'ed for the treatrnent of
docurnerrted serious VRE or N4RSA infections, or r,r,hen
oral.therapy is an option. Since it aprpears to achieve high
levels in the lungs, it may soorr becorne the drug of choiie
to treat \,IRSA pneumonia (74).

VANCOMYCIN

llistory/Description
Vancoml'cin is a bactericidal glycopeptide derivecl from the
scril fungr-rs stre1tttlnrycas orittttnlis and rn'as flrst i^troduced i.
i956. \Vithin two \.ears, r'ancomvcin use was superseded bt.
methicillir.r and cephalothin, u'hich had ferver.siie effects. Iir
the late 1970s, MRSA began to emerge, and vancornl,crn
returned to the clinical arena to treat these threats. Recerrt
improvements irr marrufacturing hat.e increaserl its puritt,
and redtrced _the nephrotoxicitl- of vancornycnt (Zi_ZAj.
Hou'eveL the histaminereleasiltg effect responsible for ,,red
man" syndrorne aud hvpotension cluring adtnir-ristration
still persist. Teicoplanirr, a related contp,,uircl, is at least as
efficacious arrd less toxic. Teicoplanitr has been usecl ior
Vears in Europe, but it is not curreltly availalrle irr t|e US.
f Vancomycin is most often used parenterally to treat
MRSA, empirically in life-threatening infections, and orally
tor C. difficile colitis. f

Mechanism of Action, Pharmacology,
Administration, and Dosage
Vancomvcin exerts its effect by Lrirrding to the precursor
units of bacterial cell rvalls, lnottn as preprfifl.lglycals, irr|i_
biting their slrrtlresis. This l.ir.lirrg trctjurs aI a dir'fererrt site
of actio' irorn that of pe.icillin. The 

^et 
result is a. alteratiorr

of Lractelial cell n,all prslllsltrilitrr ln adtlition, ilNA
svnthesis is irrhibitecl. Gram-negative or.ganisrus are not
sensitiv.e to vancom).cin, because Lrt-,rin c-hannels in their
cell \^alt do not accomn-rodate the large, bulk), r.ancomt,crn
molecule.

Vancomycin is about 55,)1, protein bound. Vancoruvcir.r
penetrates most body tissues incluciirrg the br.airr ivheri the
menrnges are inflamed. Vancorny,cin ilso clistritrutes u.ell
into pericardial, pleural, ascitic, and synovial fluicls. Intrar.e,

ilT l ii:"^ycin is primarily excreted urrchangetl b1. tht
Klctnc)'s. \,ancom1'cin has poor oral birt.rvailabjlitv rvith oral

doses renairrirrg intralumin.rl irr the intestine until elirninated
in the feces; this also explains its oral use irr C. diffcilt'colitis.
Vancomyciu has a half-life of approximately six hours irr a
patierrt rvith ttlrmal renal functit'rn. Hon'ever) in annr.ic
patients, the half-life can be prolor.rg;ed to approximately T.5
da1's. Vancoml'cin is rrot rerloved bt' herrro,"lialt'sis or.perito-
rreal dialvsis, unless F60 or F80 poil'strlforre fiiters are used
(\blume 2, Chapter 43). In patients u'ith rrormal renai
furrction, rrarrcomvcin is c-losed at 1 g IV er,'ery 1.2 houls, and
levels are tested. Telcop.rlanin is dosed orr an every 24-hour
basis. In those patients rn'ith knomr or suspected renal impair-
ment, an initial vancomycin close of 15 mg7'kg should l.e gir-en,
and the dosage interr.al increasetl. The appropriate ditsage
irrterval should be furtl'rer determined usirrg therapetrtic
drug level trronitoring. Wherr vancorn)'cin is giyen r.tith an
amirroglycoside, irrcreased irrcidence of rrephrotoxicitv is poss-
ible. For pseudomembrarlous colitis, a dosage of 125-50b nrg
orallv ever)' six hours for 7-10 days is appropriatc.

Antimicrobial Activity/Spectrum/ Resistance
Vancomycirr is bactericidal ag.rinst essenti.rlly ali staphylo-
cocci (both S. nurt'tLs and coagulase-negatir.e Staphyloiocci),
all S. pnauntotrittc, S. pv(r,rcn('s, and S. r,ilidnl-s. It is bacterio_
static agai.st nrost Erteroctrccus artl mclst conTllelrnctt'riunt
spp A fer.r' anaerolres are suscePtible, but i,irtually rrcr
graru-negative organisms are suscspfible to \/ancoln).cilt.
Varrcoml'cin has achier.'ed a proruinLrrt role itr therapy of
criticaliy ill pratients due to tlre large prevalerrce of NIitSR
in hospitals. To an increasing extent, critically ill patients
have tempolary or pernrar-rent foreign bodies implanted
as pacenrakers, vasculaL access, valves, or shurrts. These
device-s are particularly predisposed to infection by Staphy-
lcrcocci, including S. tttret;sand coagulase-r.regative Staprfiytf_
cocci, arr i'rcreasirrg fractiorr of which is methicilli^-resista't.

Vancorn)'cirr internrediate-susceptible S. nurctts (VISA)
is used to describe decreased susceptibility of S. nrrrels to rran_
conrycin (79,80). In 1997, the firsi strain of S. nulcris with
reduced suscep-rtibility to vancotnycin was reported fi.orn
Japran (81). The Clinic.rl and Latror.ator), Stalclalds Ilstitute
(CLSI.1 defines Staphylococci reqtriring concentr.atiorrs of van_
comycin of <4 urcg/ml for grttwth inl.ribitiorr as susceptilrle,
those requiring 8 to 16 mcg/rul as irrtermediate a\IlSA)
(79,80), and those requirir-rg concerrtr.atious of >32 mcg/ntl
as resistant (V|{SA) (82). lmplicatiorrs of multi_drllg resrsranr
organisms urake the'apeutic choices rnuch rn.re difficult a.cl

'ei^force 
the neerl to co.tr.l the use of va'conryci' and other

a.tibiotics (16). Iufeciions with these uur,.orr.,y.rr. resista't
microorganisnls are usually sensitive to linezoiicl, daptomv_
cin, ol dalfopristinT'qr-rinupristin.

The proportion of Enter.ococci isolated from ICUs that
werL- resrstaltt to vanconl\.cin increased frotn 0.3,),,, irr 1-c)g9 to
alrnost 24"hin 1998. Errterococci are able tc-r build cell i,r,alls in
the presence of glvcopepticie antibiotics because thev can
by;rass an intermediate rnolecule to n,hich the glycopeptide
birrds (83). Risk factor.s for. the emergence of i'RE lnilude
c\pr)su.rc to [r11y.1j spectj.um cep[.11o.0..,r',ts, r.anconry.cin,
or antibiotics with significant anaerobic activitl,; and pro_
longed hospital dl1t1,i e1 ICU star.i The empiric uie of vanco_
mycin should be limited to liie threateirinq infections in
()l'der to leducc tht,erncr.gcnce of VRE.

Adverse Effects and Drug Interactions
\/arrcomvcir-r is norv considerecl approxinrately 95gi, free
of impllilips; tlrtrefore the incidence of adverse effects
has declinetl (84). Hon'ever; phlebitis still occurs i,r.ith
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peripherally .rdministered v.rncomycin in approximately
73nh- of patients. Hypotension, flushing, tingling, and
erythema affecting upper trunk, face, and arms (ied person
syndrome) are "rssociated with rapicl infusion in 3q" to 11,/"
of patients, especially if 1-g cloies are usecl. -Ireatments

lvith fluid administration, antihistamines, and cortrcoster-
oids have been suggested, as well as slowing the infusion.
Rash unrelated to "red person syndrome" is also seen in
.rbout 2% to 5'll' of patients. Ti-re rash is often describecl as
maculopapular, but rare cases of Stevens-fohnson have
been reported, Neutropenia occurs in approximately 2,'1o of
patients (84), the onset tvpically being clelayed rrp to 30
days after commencing the clrug. Nephrotoxicity and oto-
toxicity are uncommon if peak serum levels are maintained
<50 rncg/ml, bnt more likely to occtrr if vancomycin is
administered with other nephro- or ototoxic compounds,
and more common in critically ill patients.

Drugs that increase the risk of rrephrotoxicity when
co-aclministered lvith vancomycin include: amphotericin B,
aminoglycosides, parenteral bacitracin, c.rpreomycin, ciclo-
fovir, cisplatin, cyclosporine, foscarnet, ganciclovir, IV penta-
midine, polymyxin B, streptozocin, and tacrolimus. The
combined use of vancomycin and cidofovir is contraindi-
cated. Vancomycin should be discontinued seven days
prior to beginning cidofovir.

Orallv aclministered vancomycin should not be used
with cholestyramine or colestipol. These anion-exchange
resins can bind vancomycin and recluce its effectiveness.
Since these drugs are sometimes used to treat C. difficile
colitis by binding the toxin in the intestinal lumen, patients
may be taking vancomvcin and one of the resins simul-
taneously. If patients must take both drrrgs, closes shttuld
be administered several hours apart.

Vancomycin shoulcl be used c.rutiously rvith other oto-
toxic drugs such as aminoglycosic'les, aspirin or other salicy-
Lrtes, capreomycin, ethacrynic acid, furosemicle, or
paromomycin. Vancomycin m.ry potentiate the neuromuscu-
lar effects of nondepolarizing neuromuscultrr blockers
(Volrrme 2, Chapter 6). Vancomycin, when used concomi-
tantly with metformin, may increase the risk of lactic acidosis.
Vancomvcin can decrease metformin elimination by compet-
ing for common renal tubtrlar transport systems, necessitat-
ing careful monitoring while on concurrent therapy.

Therapeutic Drug level Monitoring
The ideal v.rncomycin-closing regimen is one that results in
peak vancomycin concentrations that are less than 30 to
50 mg/L and trorrgh concentrations that are in the range of
5 to 15 mglL. Therapeutic c'lrug rnonitoring of vancomycin
remains controversial (85). Vancomycin exhibits concen-
tration-dependent killing, rerluiring a serum concentration
>1 mg/L. Therefore, higher concentrations are not necess-

arily "rssociated with improved bactericidal effects
(especially in the lung)! For NIRSA pneumonia vancomycin
troughs should be >15 to 20 rng/L. Most clinicians believe
patients at high risk for therapeutic failure or Potential tox-
icity shouLl have both peak ancl trottgh valtres monitored.
These patients include the elcierly, those with potlr renal
function, or patients with suspectecl alteration in their
volume of distribr-rtion; this incltrdes the critically ill.

Therapeutic/Clinical Uses
The primary inclic.rtion for vancomycin is for MRSA infec-
tions, and empiric administration in critically ill patients
with significant infections or sepsis until cttlture results
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return. Other indications fbr vancomycin inclucle Staphylo_
coccal..and Streptococcal infections in patients alleigii to
penicillins, ancl as an alternative to penicillin for the priphy_
laxis of bacterial endocarditis. Vaniomycin is being'usect in
conjunction with ceftriaxone in locales with high pievalence
ra tes oi h i gh ly pen ici I I in-resistant pn*u-oco.".-.,I men ingitis.
For orp;anisms susceptible to beta-lactams, clinical experience
has demonstrated improved patient outcome with the use of
beta-lactams rather than with vancomycin. Vancomycin is
also usefr.rl in oral therapy against C. ,tifficile colitis.

DAPTOMYCIl{

History/Description
Daptomycin is the first antibacterial agent from a novel class
of drtrgs, the cvclic lipopeptides (derived from Streptonryces
rr)seospon/s). Discovered more than 20 years ago, its clinical
research was halted due to concerns of skeletal muscle tox-
icity. However, development restrmed in response to the
increasing demand for bactericidal antibiotics effective
against VRE and VRSA (86). Daptomycin is now approved
for the treatment of complicated skin and skin structure
infections caused by gram-positive bacteria. It recently
received FDA approval for use in the treatment of bacteria
and endocarditis (87). Because of inactivation by alveolar
surfactant, rlaptomycin is not effective in the treatment of
pneumonia. However, it has excellent concentrations in all
other tissues (88-90).

Mechanism of Action, Pharmacology,
Administntion, and Dosage
Daptomycin works by binding to and interfering with the
integrity of cell rvall structure in gram-positive bacteria but
does not penetrate the bacterial cytoplasm. Upon binding,
transmembrane channels are formed, causing rapid depolar-
ization of membrane potential ancl inhibition of protein,
DNA, and RNA synthesis, resulting in bacterial cell death.
It has a concentration-dependent bactericidal activity.

Daptomycin is poorly absorbed orally and should be
administered intravenously only. Direct toxicity to muscles
prohibits intramuscular injection. Daptomycin is highly
bound to human plasma protein (92n1'), primarily to serum
albumin. The serum half-life is eight to nine hours in
normal subjects, allt-rwing once ciaily administration.
Approximately 80% of the administered drug is excreted
unchanged by the kidney with a smaller portion (6%)

excreted in the feces. Dosage adjustment is required for crea-
tinine clearance below 30 mL/min. Daptomycin is removed
bv hemodialvsis and the close should be aclministered
immediately iollowing dialysis.

Antimicrobial Activity/Spectrum/ Resistance
Daptomycin is unable to permeate the outer membr.rne of
gram-negative bacteria, thus its spectrum of activity is

limited to gram-positive organisms only. Daptomycin is

active in vitro against both antibiotic-susceptible and resist-
.lnt Bram-positive bacteria, including Staphylocci (MSSA,

N,{RSA, VISA, and VRSA), S. pyogettes, Stre ptococctrs ngnlnctine ,

Strc1ttococctrs drlsgnlnctine subspecies eryristnilis, irnd Entero-
ct'rcci (both E. lnecnlis, and, E. fnecitul incltrcling (VRE), and
S. ytrrcutr t ttuiot' (including penicillin-resistant).

In .rn in vitro cornparative study rvith virncomycin,
linezolic'i, .rnd tluinttpristin/dalfopristin, daptomycin was

founcl to have the most raPid bactericiclal activity and
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approximatelv 8- to 30-fold Sreater activity against MSSA

and MRSA than tl're other products (90,91). Against VISA,
quinupristin/dalfopristin was the most active agent,
followed by daptomycin, linezolid, and vancomycin (92).

The activity' of daptomycin against both VRE vaucomt'citr-
sensitive E. t'nccalis was greater than all the other agerrts

tested (92,93).

Bacteria in the stationary gror,r'th phase (as occurs in
endocarditis and foreign body infectit-rus) are killed faster
rvith daptomycin than u'ith vaucomycin or Irafcillin. To

date, no mechanism of resistance to daptoml'cin or cross-

resistance rvith other antimicrobials has been reported.

Adverse Effects and Drug Interactions
The most frequentll' reported side effects with dapton'rycin
use are headache, constipation, and rash. Initial develoPment
of daptomycin rn'as suspended in the early 1980s due to con-
cerns of skeletal muscle toxicity. With less frequent adminis-
tration (98 hour vs. daily), clinical toxicity has not been

seen. Elevations itr serutn creatine phosphokinase (CPK)

have been reported in patients receivirrg daptornycin. Accord-
ingly, weekly CPK levels should be monitored, and patients
should be examined for muscle pain or u'eakness throughout
therapy. Daptomycin should be used cautiously in patients
with a history of mvopathv or peripheral neuropathy.
Although no drug-drug interactiotrs have been identified,
patients receiving medications that have the potential to
cause rhabdomyolysis, such as HMG-CoA reductase inhibi-
tors, should be closell, monitored during daptomycin use.

Daptomycin does not inhibit or induce the C-P450 enz)'nles.

Therapeutic/Clinical Uses
Daptomycin is indicated for treatment of complicated skin
and skin structure infections caused by MSSA and MRSA,
VISA, and VRSA strains, hemolytic streptococci, aud vanco-
mycin-susceptible enterococci alrd VRE. A recent clinical
trial demonstrated that daptomycin is noninferior to com-
parator agents (vancomycin and semi-synthetic penicllins)
for the treatment of bacterernia and right-sided endocalditis
due to Sfa;lrylococctts au,'cus; The drug recently received FDA
approval for these indications. Daptomycin is uniquely inef-
fective for the treatment of pneumonia due to its inactivation
by surfactant, atrd is not appropriate for this infectiou.

SUTFOI{AMIDES AI{D TRIMETHOPRIM

History/Description
Sulfonamides are derived from sulforric acid, and lvere dis-
covered in 1932. Sulfamethoxazole (SMX) arrd Sulfadiazine
remain the most useful members of this class of antibiotics.
Trimethoprim (TMP) r.t'as first used for the treatmerlt of
infections in humans in1.962, and it r,t'as registered for clini-
cal use in combinatiorr rn'ith SMX in 1968 (94,95).

Mechanism of Action, Pharmacology,
Administration, and Dosage
TMP and SMX in combination have syrrergistic effects. The
optimal ratio of serum concentrations of TMP to SMX
against most bacteria is 1:20. Both druss inhibit bacterial
folic acid synthesis at different steps in*the pathn'ay. SMX
inhibits dihydropteroate synthetase, u,hich catalyzes the
formation of dihydrofolate from para-aminobenzoic acid.
In the subsequent step of the pathwal', TMP inhibits

dihydrofolate reductase, r,r'hich catalyzes the formation of
tetrahydrofolate from dihydrofolate.

TMP is 45ol' antl SMX is 66'7i, bound to plasma
proteins. In pratients rvith tromral renal function, tht' half-
lives of TMP and SMX are approxinatel), 11 and 9 hours,
respectively When the creatirrine clearance decreases to
less than 30 ml/min, the dosage of TMP/SMX should be
adjusted.

TMPiSMX (trade names Bactrimu" or Sel.rtra''') is

available in a single strength tablet, containing 80 ntg TMP
and 400 mg of sulfamethoxazole; a double strength tablet,
corrtainirrg 160 mg TMP and 800 mg of sulfamethoxazole;
as an oral suspension; and iutraveuous solution. Dosing
eouivalents for TMP/SMX are one DS tablet equivalent to
lti mL intravenous solution, equivalerrt to 20 mL oral sus-

l'rensiorr. For most indications, onb dttutrle-strength talrlet is

adnrinistered tr,r'ice daily for 7 to 14 days depending on tl're
type and severity of the irrfection. For tl.re treatment of Prtcrt-

nncystis cnrinii pneumonia (PCP) the adn'rinistratiorr of
dosages of 15 nig/kg of TMP daily, is recommended typri-

cally divided into three doses for 21 days. PCP prophl'laxis
n.ray be achieved with l double-stlength tablet daill' or
every other day.

Antimicrubial Activity/Spectrum/ Resistance
Many aerobic gram-positive and gram-rregative t.racteria,

Pnetnrrccrystis carirrii, and several protozoa are inhibited or
killed by clinically achievable concentrations of TMP/SMX.
Certain nosocomial pathogens, such as Burklutldctin cepncin,

Stcnotrophotrtonns ntnlto1ilrilin, and Serratin sPp. are frequentll'
susceptible to SMZ-TMP. In immunosul-tpressed inclividuals,
some microorganisms of particular concern such as Nocnrdin

asterttidcs and Ll.sfr'rin nnutocrltogutcs are also usually inhibited
bv TMP/SMX.

Important pathogens that are usually resistant to
TMP/SMX are P. nerugirtosa, B,.frngil is,aud most other obliga-
tory anaerolric bacteria. Additiorrallr', M. t ubc r c u los is, Cn t t 4r t1'

Iobnctcr sy'tp., Trclxtrtcnn pnllidunr, and Rickef fsinc are resistant
to SMZ-TMP. MRSA is variably susceptible, aud most l'reIr!
cillirr-resistant pnetlnlococci are resistaut. The clirlical use of
TMP/SMX has gradually declined during receut decades as

a result of grou'ing resistauce to this agent alllong most
maior bacterial pathogens (96).

Adverse Effects and Drug Interactions
SMX can cause blood dyscrasias. Hypersensitivity reactions
may alst'r occur u'ith this ntedicatiotr, most colnmonly ntan-
ifested as rasires, but rnay irrclude erytherna multifomre
n'raior (Stevens-fohnson syrrdrome). TMP has fen'er life-
threaterring side effects than do the sulfonamides.
Horvever, TMI' has beeu shtllvn to cause drug-ilrduced
aseptic menirrgitis. TMP/SMX is contraindicated in preg-
nancy. TMP/SMX ma1' potentiate the effects of rvalfarin,
pherrvtoin, tolbutamide, and chlorproparnide.

Therapeutic/Clinical Uses

Grorn'ing resistance and potential toxicitv has led to the

decreased use of TMP/SMX. Hon'el'er', this agent is still
usecl in the treatrttent and prophylaxis of urinarv tract infec-
tions, treatment and prevention of PCR shigellosis, and otitis
media. C)f note, TMP/Slr4X is being used more. fi'equently in
the treatment of severe Staphylococcal infectiorrs (97)'

f TMP/SMX may be extremely useful in severe inlections
caused by susceptible organisms in the critically ill
patient, especially those infections caused by Enterobacter

>.

i

MYLAN PHARMS. INC. EXHIBIT 1119 PAGE 51



sp., and other gram-negative rods that may be multi-
resistant to beta-lactam drugs. d

QUlllotoNEs
History/Description
Naliclixic acid, the first quinolone, w"rs developed in 1962 as 

"r
l-rvproduct of chloroquine synthesis, trnd w.rs only useful in
tirinary tract infections. Its poor pharmacokinetic profile and
its toricitv led to the development of the 6-fluorine-strbstitutecl
quinolones in the 1980s. The fluoroquinolones.tre revic.lvecl in
references (98-100).

Mechanism of Action, Pharmacology,

Administration, and Dosage
The cpinolones have a novel mechanism of actiorr. These
compounds target bacterial topoisomerases II ancl lV. Topoi-
somerase II (also knorvn as DNA gyrase) is responsible ior
nicking and sealing DNA, as well as regulating supercoiling.
Tcrpoisomerase IV seprarates the DNA claughter molecules
after DNA reolication.

The qtiinolones have excellent orai bioavailability
(approximately 90-99'i''), rvhich allows for early cr)nversion
irom intravenous to oral formnlations. All are avtrilable as

tablets or capsules. Pirrenteral formulations of ciprofloxacin,
gatifloxacin, ofloxacin, levofloxacin, moxifloxacin, and trova-
floxacin (as the pro-r'lrug alatrofloxacin) are also available.
Administering the flrrorocluinolones with foocl clelays the
.rbsorption, but does not alter its extent . However, concomi-
tant administration of rlivalent ions strch as aluminum, mtrg-
nesium, zinc, iron, .rnclTor calcium may block absorption.

The rluinolones have a post-antibiotic effect of
.rpproximately one to two hours, similar to the aminoglyco-
sides, but greater th.rn that with the beta-larctam antibiotics
(101). Gemifloxacin anr-l trovafloxacin have a greater ten-
dency to bind to proteins than the other quinolones

Table 10 Quirtolones: Do:ing
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(approximately 70re vs. less than 50.)1, for tl-re other tprino-
lones), but are not likely to displace other protein-bor.rnd
clrngs.

Routes of metabolism vary greatly between the different
tltrinolones. Nloxifloxacin and trovafloxacin undergo exten-
sive hepirtic metirboiism; however, the metabolitei are less
irctive than the parent compounds. Ciprofloxacin, gatiflox"r-
cin, gemifloxacin, levofloxacin, lomefloxacin, antl ofloxacin
are renally eliminatecl. The t'luoroquinolones have elimination
half{ives of approxim.rtely 3 to 20 hours. please refer to
Table 10 for rlosing of the commercially available quinolones.

Antimicrobial Activity/ Spectrum/ Resistance
t' Quinolone antibiotics, similar to the cephalosporins, are
traditionally categorized into first to fourth generations
based upon spectrum of activity. In general, the second,
third, and tourth generations have enhanced gram-positive
cocci activity (except ciprofloxacin) and gram-negative rod
activity. Excellent anaerobic activity is seen with trovafloxa-
cin and moxifloxacin. f

In 1995, an.rlarming trend toward increased resistance
to ciprofloxacin rvas noted in S. nrtruts, E. coli, Citrobncter

.fretrttdii, S. uutrcescens, and P ncrrrgirrosn. The activity of the
fluoroqrrinolones against grarn-positive bacteria has been
revierveci (102). Approximatelv 28"1' of the f-h-rrrroquint.r-
Ione-resistant enteric bacilli also demonstrated aminoglyco-
side .rnd B-lactam resistance. Mrrltiple mechanisms, many
of which are bacteria-specific have been identified in fluoro-
cluinolone resistance, .rnd clifferent bacteria may acquire
more than one mutation to confer resistance. Because
mutaiions in the genes that code for the subunits oi
topoisomerase II and IV vary between bacteria, patterns of
tluinolone resistance will vary.

Adverse Effects, Drug Interactions
About 5nlo of patients experience CI side effects with the
tluorotluinolones (100). CNS effects (heaclache, dizziness,
insomnia, and nervousness) are also noted with some of

Dosage

Quinolone tbrm Dose (mg)
Dosing interval

( hours)

Adjust dose (fbr renal

impairment) Dosage adjustment

First getrcrotiort

Nalidixic acid

Sccurd gerterutiort

Ciprofloxacin

Third generution

Levofloxacin

250. 500. l 000

250, 500,750

2(n,400

500. 750

500, 750

PO

PO

IV

PO

t\/

PO

IV
PO

IV
PO

200

300
+00

400

320

6

8. l2

8, r2

1l

21

1A

24
24
a,l

24

None

CrCl <30 mL/rnin, HD"

CrCl <30 mL/tnin

CrCl 20-50 rnl/min

CrCl <20 mL/min

Hepatic
Lnpairment
Flepatic

Irnpairrnent

CrCl <-10 rrrl-/min

None

250-500 rng ql8 hr
250-500 mg q2-t hr. after HD"

200-400 mg ql8-24 hr

500-750 mg LD, then
250-500 mg q2.1 hr

-500-750 rng LD, then

250-500 mg q':18 hr

Avoid if possible, if not, half-dose

Not studied

320 mg LD. then 160 mg qd

F t tt trl lt ge tt e rt I i t nt

Trovafloracin"

Moxifloxacin

Cemifloxacin

"Trovtfl6xlcin should only he uscd in hospitalized patients uhen the potential benefits ale greater than the risks See text

.Abltet'iutirns'. HD. hemodialysisl [V, intt'avc'nouslyl LD. loading tlose; PO' per OS
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the quirrolones, primaril)' at higher dosages. Allergic reac-
tions occur in f in to 2'ln of patients. Photokrxicitf is a po55-

ible side effect rvith fluoroquinolone thelapy. Although
taking the medication at bedtine can reduce this effect,
patients should remain indoors and awav from aml.rient
light r.r'hile orr this drug.

Maintairring adequate lrydration ancl urine aciditl' rn'ill

prevent crystalluria, an infreqr"rent effect of the fluoroquino-
lones. Laboratory test abnormalities, including hematologic,
hepatic, and renal function markers, occur at a rate of
apprcrxin'ratel y 11.6'/.. Both hvpoglycernia and hr'1'rerglvce-
mia have been reported rn'ith all the quinolones.

Animal studies have showu that the fluoroquinolorres
have a prc'rpensitv to cause toxicitv to chondrocytes (103).

Tendon rupture has also been described rvith many of the
fluoroquinolones (10-1-116). Recent research indicates that
oxidative stress is involved (103). There is an increased risk
in the elderlt those on steroids, and those n'ith renal
failure (105). For this reason, fluoroquinolones should be
avoided in the elderll' n'hen other options exist; and those
u'ho must take a flouroquinolone should be advised to
avoid heavy exercise. If a patient cornplains of tendon
pain, fluoroquinolorres shottld be discoutinued ulrless thet'e
are verv compelling indications fol theil use. Additionalll',
flouroquinolones should not be prescribed for pregnant
and breast-feeding r,t't.rtnen, and only used for specific indi-
cations for children. Trovafloxacin has also been found tcr

carrse rare but fatal cases of liver toxicitl'. Therefore the
FDA has asketl that it be reserved for short-term irrtravenous
use for life-threaterring infections in hospitalized patients.

In contrast to ciprofloxacin, the third- and fourth-
generation quinolones do not seem to inJribit theophylline
or caffeine rnetabolism. Although a nrodest increase iir
digoxin concentrations r,r'as noted in studies n'ith gatifloxa-
cin, no change in the renal elimination of digoxin was
noted, therefore no dosage adjustments appeal' necessaly
for either drug (117).

Q! prolongation has been reported at a rate of less
than 1% for nearly all the quinolones, but the manufacturer
reports an incidence l.3o/u for sparfloxacin. Tcrrsades de
pointes have been reported rvith all quinolones but seen'r

to occur more frequentlt' rvith levofloxacin, gatifloxacin,
spartloxacin, and moxifloxacin. The potential for Q[-
prolongation rvith sparfloxacin and moxifloxacin suggests
concomitant Class IA and Class III anti-d1'srh1'thmic drugs
should be avoided (Volume 2, Chapter 20). Case rePolts
u'ith ciprofloxacin had noted increased levels of cyclosPor-
ine and decreased levels of p'rhenl'toin. Levels of these mecli-
cations should be carefullv monitored with ciprofloxacin
adn'rinistration.

Therapeutic/Clinical Uses
All of the neu'er quinolones offer lorver MICs agail'rst various
streptococcal species, particularly S. ptrcmnoniae although
tlrere are reports of S. pnertnrococcrrs resistance to levof-loxacirr
(118). Cornpaled rt ith the nerver entities, ciplofloxacin
retains equal or better activit)' against errteric gram-negative
rods (especially P. neruginosn). As a result oi their anaerobic
activity, several of the fluoroquinolones rnat' be useful irr
the treatment of both cornmunity,-acquired and hospital-
acquired aspiratiorr pneumonia (119), although older
agents of different classes still remain useful with rnore clirri-
cal experience. Trovafloxacin, gatifloxacin, ancl moxifloxacirr
have enhanced in vitro activity against anaerobes, a Lrroperty
not demonstrated bv previous fluoroqr-rirrolorres. Resistance

in anaerobic bacteria, most irnportarrtly of tlte B. frngilis
group, is incleasirrglv common. The trewer trBents appear
to also l'rave activitv agaillst atvpical Lractt'ria, such as

Lcgit'nrcll n spp. arrd Mllct4tlnsnn ltn( rr rttttttirtc. The fl troroquintr-
Iones, especiallv moxifloxacin, gatifloxacitr, atrd levofloxacitr
(in this order) are sometinres useful ir1 the treatuent of
rnyccrlracterial infectiorrs (120).

TOPICAT AI{TIMICROBIALS FOR BURII WOUNDS

General Gonsiderations
Burns imp'rair the skin integritv allor,r'ing irrfecticrus orgauistns
to invade tlec'per tisstres. Within hours of sustaining a buru,
gram-1.re5!1lyg organisms poprulate the rvound. After several
day,s, rnore vintlent grarn-negative orgauislus replace the
granr-prositivs ones. The most ctmrmonlf isolated gram-r1ega-

tive organisms include P. ncrugirrosn, Profcls spp., an"l Klcbsielln

spp (121). The gram-negative organisns have greatel morlrid-
ityi pt-rssess manl' antibiotic resistance mec'hauistns, and have
tl're abiiity to secrete collagerrases, ploteases, lipases, and elas-

tase's, enabling them to prolifelate and penetrate into the
subeschar sprace (122). If host defenses are irradequate, inva-
sion of viable tissue occurs. Please reier to Volulne 1,

Chapter 34 arrd the follorn'ing references for additional infor-
mation about topical arrtimicrolrials and burtrs (123-127).

Topical antirnicrotrials are appliqd after injurl' to limit
bacterial colonizatiorr. Establishecl infection requires use of
topical agents that carr perretrate the escl'rat' to reduce
rnicrobial counts and to prevellt systemic dissernination.
S1'stemic agents are instituted for cellulitic rvound infections,
gram-positive suppurati\/e infections, extensive fungal inva-
siorr, or systemic spread.

Mafenide (Sulfamylonl
Maferride was discovered by German scientists just befole
World War II but rrr'as not used clinicalh' until the early
1960s aftel Rol.rert Lindberg demorrstrated its abilitv to
crrntrtrl P. acrugitrLtsn infections irr a rat-burn model.

Mafenide is a topical suifonarnide fon.nulated as an
11.1'l,, suspension in a lvater-solul-rle cream base. lt diffr,rses
lapidlv ancl freely into the eschar; and is detected irr the
systemic circulation. Mafenide is renally metabolized to an
inactive salt. The salt itself constitutes a large osmotic load,
promoting an osmotic diuresis. Maferride is also metabolized
to a carbonic arrl.rvdrase inhibitor that n'ray result in a

clirricallv significant metabolic acidosis.
Mafenide shor,rlcl tre avoided in patients with renal

impairmerrt. C)cclusive dressings shouid rrot be used, as

the drug is usualll' aPPlisd evely 12 hours, but it dissipates
fronr the rvourrc'l surface after approxinratelv three hours
(clue to its excellerrt absorption), Ieaving up to nirre hours of
bacterial proliferatiorr tirne on the wound suriace. Horvevet
tissue levels renain adequate for 9 to 10 hours after
applicatiou.

N4afenide has exceilent bacteriostatic activitl' against
lnost gram-positive species, including clostridia, but has
lirnited actir.ity against some S. oltrcus, particularl)' rnetl'ricil-
lirr resistant strains. N{afenide is liighly effective against
grarn-rrep;ative organisms, including Pscrrdttrtnnas spp., but
has minimal arrtifungal actility.

Pain or trulnirrg fi'eqr.rentll' occrlrs upon application to
partial thickness Lrums. The pain is I'rt'pothesized to result
flor-n the h\'pe11-lsnlo11. pl'operties of the preparatiolr,
as rt'ell as sonle irrilating qualitl of the drug itself. Hyperselr-
sitilitv reactic-rrts nral'also occur in up to 50?" of p6figv115
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treated with this agent (124), antl rashes may rnimic cellulitis
(127).

Maienitle mav still be the most trseful agent for the
treatment of invasive burns because of its surrtli.r, 

"r.nu,penetrartion, but careful monitoring of pulmor-rary functir.rn
and acid-base status is critical.

Silver l{itrate
Silver nitrate solutions had been used for centlrries as arr
incompletely understood antiseptic. hr 1965, N{oyer. (128)
reintroduced topical use of silver nitrate to burn u,ountl
n;rnagement rvhere it is tvpically employerl as a 0.5n1,
solution. The precise rnechanism of action is unknown, but
ionic silver is known to exert b.rcteriostatic activity vit-r
several potential mechanisms.

Silver nitrate does not pene.trate the burn eschar
because silver chloride anel othei silr,er s.rlts.rre highly inso-
luLrle and precipitate on the rvonnd snrface. ;\pplication
with silver nitrate is relatively painless, bui recl-rires frequent
nursing attention, as the dressing cannot be allorved to clry'.
The dressing rnr-rst be rewetted every tivo to three hours
with fresh 0.5% silver nitrate solution, otherrvise the concen-
tration of silver nitrate rises to caustic levels.

Silver nitrate is effectir,e against most strains of
S. nurcrts antl coagulase-neg.rti','e St.rphylococci, and it also
has activity against P. trcruginosn.It has less .rctivity against
other gram-negative species such as Enterobnctcr spp. ancl
Klebsielln spp. An advantage of this compound is the infre-
quent emergence of silver-resistant bacteria.

Sih'er nitrate's insoltrbility rerl"rires it be prepared with
distilled lvater. This results in a hypotonic compound. This
hvpotonicity c.rnses electrolyte abnormalities as the silver
removes electrolytes from the wound. Hyponatremia is the
most common electrolyte disturbance. Hyponatremia can
become significant, even fatal, when children with iarge
Lrurns are tleated for long periods with silver nitrate ancl
clo not have their serum sodium monitored or replaced.
Silver nitrtrte also stains everything it comes into iontact
lvith brorvn-black. N{ethemoglobinernia can occur with
silver nitrate but is .r rare compiication, related to bacterial
oxidation of nitrate to nitrite. The organism most often
involved when patients have developeJ methemoglobine-
mia is, ErttaroLtocter clottcda, as this organism efficiently
metabolizes nitrate (NOi) to nitrite (NOi) and in so doing
oxielizes the iron heme mt'riety hemoglobin from ferrotri
(Fe'*) to ferric (Fei+*).

The vigilant nursing attention required with this com-
pound/ coupled with the ftrct that silver nitr.rte does not
penetrate the eschar, means this compound should Lre

avoided in very cleep btrrns or in lvolrntls where topical
c.rre has been clelayed anel the wt.rtrnds are already heaviiy
colonized. Horvever, silver nitrate is ;rttended with rapicl
debridement of the eschar, and less hypertrophic scar is
seen than rvith other comoounds.

Silver Sulfadiazine (Silvadenef
Silver sulfadiazine (SSD) was formulated in 1967 by rnixing
the rveakiy acidic sr,rlfadiazine rvith silver nitrirte. It was
initiaily thought that both the silver ion and srrlf.rdiazine
hatl .rntimicrobial properties; however more recent lvork
suggests sulfarliazine is sitnply;rn effective me.rrrs of cleliver-
ing silver to the r,vound. Penetration of SSD into the wound
is intermediate betu'een the readilv absorbed m.rfenide
irnd minirnally absorberl silver nitrate. Unlike ntafenide,
the application of SSD is painless. Its antibacterial activity
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lasts trp to 2-1 hotrrs, but like most burn agents, it is often
applied every 12 hours couplecl n,itli ctaily wound
debrirlement.

SSD has bactericidal irctivity against many gr.1m-
positive and gram-negative bacteria, as well as yeirst. SSD
has excellent activity against P. ttenrginosn and S. nrtrcls.
Cenerally, more organisms ar.e resistant to SSD than mafe-
nicle. And .rlthough SSD-resisttrnt strains of p. neru.qinosLt
ancl enteric gram-negative rods have been reporteJ, the
inciclence of infection with these resistant organisms is not
incre.rsing.

SSD is contraindicated for pregnant or breast feeding
lvomen because oi the possibility of kernicterus in the
infant. SSD should aiso 6e usecl ivith caution in patients
rvith G6PD deficiency and renal insufficiency.. This ctrrn-
pound m.ry inrlrrce leukopenia as a result of direct bone
marro\l, suppression, bnt this generallv resolves over 72 to
96 hours lvithout discontinuing the n-reclication with no
concomitant increase in morbidity or mortality in studies.
Hvpersensitivitt' reactions are relatively uncommon lvith
cutaneous reactions occurring in fewer than 5'l/o of patients
(t2+). SSD may cdLrse srrlfa Jrystal formation in the urine,
but this is less of a problem rvhen patients are irdetluately
hydrated. Absorption of propvlene glycol (the vehicle) has
also been reportecl to cause problems in evaluating the
patient's serrrm osmolality, as this causes an osmolar load.
The effect of proteolyiic enzymes (collagenase, papain, suti-
lains) is reduced rvhen used concomit.rntly with SSD. d
SSD represents a compromise between the high efficacy
of mafenide and the high maintenance of silver nitrate. lt
is therefore the most commonly employed topical antimicro-
bial agent in the burn patient, and frequently used as combi-
nation treatment (otten alternating every 12 hours) with
mafenide. f

A]{TI.MYCOBACTE RIAI. AG ENTS

General
f Although many anti-TB agents are available, the most
important drugs for therapy of critically ill patients are com-
monly known as "RlPE" which stands for: rifampin, isonia-
zid, pyrazinamide, and ethambutol (49,50). d Certain
other antituberculosis agents ;rlso have trn importirnt role
ar-rd inclucle strepktmvcin and certain fluoroquinolone anti-
biotics (129,130). Linezolicl also has antimvcobacterial
activity, but its erpense precludes its frequent rrse. The first
trvo asents of RIPE, namely, rifampin trnd isoniazid, a few
of the fluoroquinokrne antibiotics, and numerons aminogly-
cositle .rgents are available for parenteral administration.
With the recent epidemic spreatl of TB in the Unitecl States
and worldwide (131) antl the fear of multi-dnrg resistant
TB, criticai care clinicians are likely to use these drugs with
increasing freqnencrr The "gold standard" recommen-
dations for the treatment of TB infections emanate frorn
the American Thoracic Society and the Centers for Disease
Control anc'l Prevention (132- 13-1).

Treatment Recommendations
Tre.ltment recommendations typically include isoniazid
(lNlt), rifampin, pyrirzinamide, irnd etharnbutol (Table 11).

INH is the hytlrazine of isonicotinic .rcid, and is bac-
tericitlal against replicating mvcob.rcteri.r (including M.
tubarL-rrlttsis, and sone atypical mycobacterlr). It .rppe.'rrs to
rvork by inhibiting mvcolic acid formation in the cell wall.

I

I

I

I

I

I

I
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Table 11 First-Line Anti-TB Medications. Dosage, rnd Ad.iustnlenr tirr Renirl lnd Hepatic InsplTiciency

Anti-TB
tlnrg rranrc Dosugc lirlrrr Startdald ciosc

Dosin-g

intelr al

Requires dose

adjustnrent lirr
lenal insutliciencl

16t6'1 .:--10 nrL,. ntin)

Requires dose

adjustrnetrl lir'
hepltie lirilure

INH
RIF
RFB
PZA
E]\,IB

si\l

PO or lM
PO or lV
PO
PO

PO

lM or IV

300 rng r5 nrgTkg)
600 nig ( l0 ntg /k-c t

300 nr_s (5 nrgT/kg)

2000 nrg t25 ng7'kg)
1000 nrg ( 15-25 nrg/kg)
1000 nrg ( ll-.15 nrg/kg)

Evelv 24 hr
Ever1 24 hr
Evelr l,l ll'
Everr, l-1 hr'

Ever'1 2.{ hr'

Ererv l-t hr'

No
),,1<r

Ntr

Yes

\''e s

Yes

Yes

Yes
Yes

Yes
No
Ntr

ril rrhutil: SN4. streptotn)'cin.

Approximately one in 105 TB orp;arrisms is gerreticalll, resist-
alrt (intrirlsic resistance) to INH.

INH is lvell absorbed enterally, arrd therapeutic levels
are obtaineel in all bodl' tissues, irrclucling the CbF. Tlre drug
is .rcetylated and hvrlrolyzed and therr excreted in the urine.
Acetr'latiorr is geneticalll, deterrnined, arrd INH serun'r
concentration is 50"1, to 80% lor,r'er in rapicl acetvlators
than irr slor,r' acetylatols.

INH-induced side effects der,'elop in approxinratelv
5% of patielrts and may include rash, peripher.al rrerrritii,
fever, hl,pelsensitivitv reactions (irrcluclirrg a11 SI-E-type
reaction), arrd jaundice arthritis. Peripheral ner-rritis carl Lre

preveltted rvith corrcurrent administration of pyr.idoxine
(r'itamin B,,). Hepatic injurl' due to INH is the most
conlmon collcern lvith its use. A mild irrcrease in hepatic
transarnirrases (ALT and AST two to three times the upper
limit of rrornral) is comrntln arrd does not predict rtrore
seriorrs hepatic irrjury. The drug need not be stoppecl in
these patients as long as thev are monitoretl. Iu contrast,
the tlrug should be discontinued immediately in patierrts
with symptoms of hepatitis (rrausea, malaise, anorexia, and
jaunrlice) inclucling those u,hose transamirrases aLe above
five times normal. The risk of hepatitis is increased in
peoprle rvho drink large quantities of alcohol and irr patieuts
n'ith chrr'rnic hepatitis from other causes. Older patients are
also at higher risk for both rreuritis arrd hepatic dar.rrage,
but isorriazid should not be withheld in the elderlv if thev
have recent skin test conversiorl or actir.e TB deipite the
hepratitis risk.

Rifarnpin is just as potellt as isorriazid for TB. Rifarnpirr
is also active agairlst rnallv gram-Positive arrd glarn-rregative
orgarrisms in addition to M. trrbucrrlosis Lr1, inhilriting
the bacterial DNA-dependerrt RNA polymerase, r.t'hich
suppresses the initiatiorr of RNA chain svrrthesis. A sirrgle
point mutation in the target enzl'me is sufficient to confer
resistance, and resistance occurs quickly'n,hen it is userl as
a sirlgle agent, therefore, the dru6i must Lre conrbirret'l with
other antilriotics.

Rifan'rpir.r is n,ell absorbed orallv arrd tlistrilrutes \\'idel)'
in body tissues, including the CSF. Rifampirr is metabolizet'l in
the liver by, active deacetl'latiorr and is ultimately excreted via
the bile irr the gastrointestinal tract. Adverse effects due hr
rifampin occur ir1 alrout 4'1.t, of patients anrl inclucle iever,
rash, jaundice, GI u1'rset, and h1'persensitivit)' reactic-rns.

Rifampin increases the rnetabolisltl of llllltler(llls
drugs, includirrg son're B-blockers, corticosteroids, oral corr-
traceptives, rvarfarin, sorne oral hypoglycemics, sonre antiar-
rhl,thmics, \'arious immunosupPressants (cvckrsporine,

tacrolirnus, sirolirntrs), clalitl'rrom1,cirr, triazole antifungals,
protease inhibibrs, ruethadone, theophl,lline, a1d pherry'toi1
(135). Redr"rced drug levels may cause ser.ious pr.oblerns
ulrless the afTected t'llug dose is a;rpropriatsly adlusted. Con-
versel\i cautioll nrust be exercised n'hen discttntirruing
rifatnpin thela;rv to avoicl supratherapeutic and,ror toxii
effects. Rifalrr.rtitr cau be usecl as atr altenrative to rifaruoin.
It can be giverr less frequently and has fewer drug iriter-
actions tharr rifamuin

Rifaxin'rin, in arralog of riiarnpin, w.rs recently
approved by the FDA for traveler's diarr.hea. Of note, it is
devrrid of Jv4. trtbcrculosis activity. lrr the ICU, rifaximin
(400 mg orally three times daily) has been used enterally in
place of neomvcin for hepatic eucephalopathy (134). Both
neomvcirl arrd rifaximin are Dliuinlally absorbed ellterally,
and troth inhibit the urease-frroducirrg bacteria responsible
for intestinal amrnouiil production. Neomycin can cause oto-
toxic arrd nephrotoxic effects, especiallf if used over several
lnollths. Rifaxinrirr is rrot aprproved in the US for this irrdi-
catiolu ho\,\'ever; it is increasingly emprlolrscl to protect
agairlst hepatic encephalopathy lrecause it is not associated
rvith either renal toxicit), or ototoxicity'(136).

Pyrazinarnitle is an al'ralog of uicotiuamide and is well
absorbed ctralll', 3t161 pel"letrates tissues thrgughout the body
(1.29). Pyrazinauride is a pro-drtrg and is nletabolized to
1'ryrarrizc-ric acid, n'hich is bactericidal against intracellular
replicating organisnrs. The exact rnechinisrn of action is
unkttorvtt; 1-r1'razirramicle is hydlolyzed bY the livel and is
excreted prinrarilv [.r1' renal glornerular filtration. Hepato-
krxicitl, is the most conlrlton sirle effect arrd lras Lreetr
reportetl itr a1-rpr11v1i1113telv 15')i, of P2fig1t1s r,r'lro received .10

to 50 ng/kg/day,, a reginterl used previously. With current
dosages of 15 to 30mg7'kg/da1i p)/razirl.lDride toxicitf is
substarrtiallv lessened. The drug can also cause hepatitis,
arthralgias, arrti nausea.

Ethambtrtol is arr olalll active compourrd with excel-
lent tubelculostatic activity'. The drug widely distributes
througlrout the bod1,, incltrding the CSF. Approxinratell,
50')1, of the dose is excretecl unchangeci in the uline. Optic
neuritis t'rccurs rarell, lr'ith the starrdard dose of 15 nrgfkg/
day. Patierrts should lre tested for yisual acuitl' and greel
coior perception lrefole ancl pg1i6d1..ll1' durirrg ethani[rtrto]
therapl'. If a dosage of more than 15 mg/kg,/da1, adjusted for
rerral fnnction is usecl, tests should tre couductecl rnonthll'.
C)ther adverse effects are r.are.

Strepf6rn11,6ln is arr anrinoglycoside antit.riotic lorrg
used to treal tuberculosis, arld is tulrerculocidal. \/estibular
toricitl', .rtrditoly tolicitl; and to a lesser degree tharr the
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Microorganism Drug of choice" Alternative agents

Aspergillus sp.

Candidu sp.

Coccitlioides innitis

C ry p t o t' o c' c tt s n e oJo nru t n s

H i s IopI usnu ut psuluI Lurr

M uc o r- Ab s i tl iu- Rh iio p u s

(Zygonlycetes)

Voliconazole

An echinocandinb

Arnphotericin B

Arnphotelicin B
plus flucytosine

Amphotericin B

Anrphotericin B

Itraconazole, amphotericin B,
an echinocandinb

Fluconazole, voriconazole.
amphotericin B

Fluconazole, itraconazole,
voriconazole. posaconazole'?

Fluconazole plus flucytosine

Itraconazole, voriconazole
Posaconazole?

"Amphotericin lipid formulations are less toxrc.
hAn 

echinocandin = anidulafungin, caspotlnrrn. nricafLrngin

other aminoglycosides, nephrotoxicity has been reported
with streptomycin use. Amikacin is sometimes trsecl in
place of streptomycin to treat tuberculosis.

^ Various fluoroquinolones, namely, moxiflttxacin, gati-
floxacin, and levofloxacin, have been usecl as second line
therapy in the treatment of tr,rberculosis in combination
with other antituberculosis .rgents, but their efficacy for the
treatment of tuberculosis is not entirelv clear (101).

AI{TIFUI{GALS

llistory/Description
Introduced in 1960. Amphotericin B was the first clinically
useful anti-fungal agent for the treatment of systemic
fungal infections. Subseqtrently, lipicl-based preparations of
amphotericin B (lvith diminishecl toxicities) has mtrcle
therapy safer. Additionally, the introduction of agents with
different mechanisms of action (i.e., 5-flucytosine, micona-
gole, voriconazole, and the echinocandins), have increased
the ability to treat serious fungal infections (137-1-10). The
major fungi responsible for human disease ancl their.rntifr-rn-
gal clrugs are summarized in Table 12.

Mechanism of Action, Pharmacology,

Administration, and Dosage
Amphotericin B and all of the lipid-based preparations bind
to ergosterol, an essential component of the fungal cell wall,
with the resrrltant membrtrne permeability leading to cell
cleath. Nystatin is in. the same class of antifungal clrugs as
amphotericin but is not given systemically and is used

primarily topically (e.g., swish and swallow) and for oral
and esophageal candidiasis. Table 13 shows the character-
istics of various amphotericin B formulations. Liposomal
amphotericin B is better tolerated than other formulations
of amphotericin B (141). The azoles, inclucling the triazoles,
inhibit the fungal cytochrome p450 enzymes responsible
for the conversion of lanosterol to ergosterol, an essential
compouncl -for fungal replication and the target upon
which amphotericin acts. Table 1-l compares the varirous
azole agents. Refer to Tables 13 and 1{ for dosing guiclelines
of the various preparations of amphotericin ancl the azoles,
respectively.

Caspofungin, the first licensed drug in the class of
echinocandins, inhibits cell wall synthesis by acting upon
the beta-1,3 glucan synthase (142). Some fungi have cell
wall glucans, which are gh"rcose polymers akin to cellulose
in plant cell walls; other fungi have chitin, which is a
polymer of glucosamine. Echinocandins are not active
against ftrngi that have chitin in the cell wall; this property
restricts the range of fungi that can be ttrrgets for this class
oi clrug.

Caspofr.rngin, only available in a parenteral formu-
lation, is given as a loacling dose of 70mglkg, followed by
50 mg per dtry with dose adjustment for hepatic insuffi-
ciency. Caspofungin can cause some hepatic ioxicity with
elevation of liver enzymes and bilirubin. There is no
dosage adjustment for renal insufficiency; safety data
shows that it can be usecl in patients with mild to morlerate
hepatic disease (Chilcl-Pugh ilass B), but its safety in patients
with severe li'i,er disease is urrtestecl (1.13). The FDA
approved a second echinocandin drug, micafungin, for the

Table 13 Characteristics of Varions Amphotericin Formulation preparations

Characteristic
Amphotericin B

deoxycholate
Amphotericin B

cholesteryl sulfate
Arnphotericin B
lipid cornplex

Liposomal
Anrphotericin B

Brancl name

Chenrical composition
Relative infusion-related

toxicity
Relative nephrotoxicity
Dosage (mg/kg/day.;

Fungizone'i'
Micelle

++++

++++
0.5- l

Amphotec'0
Lipid disks

++

+
3-4

Abelcet P'

Ribbons and sheets

TT

+
5

AmBisome E

Liposonres

+

+
3-5

Nrrle:Relativeinfusion-lelatedt<l,ricityarrdrelltivenephrott
( severe).

L
MYLAN PHARMS. INC. EXHIBIT 1119 PAGE 56



I

948 tames et al.

Table 14 Majol Plrarmactrlogrc Properties ol Azole Antilirngals

Fat tor Ketoconazole Fluconazole Ittaconazol e Voriconazole

Bland narre

Oral absorption decteased bv

H2-blocking irgeut ol antacid

Half'-lite (honls)

Clelrance
Llrinar'1 levels of active dlug
Penetration o1 CSF"

Typical dose

Nizoral ''

Yes

9

Hepatic

Lou
Poor'

200 nrg PO ql2 hr

lJtn uclln

Nrr

25

Renal

High
Excellent
400 nrg PO,-lV q2-l hr

Sponno.r.'"'

Ca1-rsuls--r.t,
suspension-no

l5-12
Hepatic

Lor.l
Poor

200 mg PO/IV q l2 hL

Vlend'D

No

6

Hepatic

Low
Unknou'n
200 mg PO/IV q12 hL

"Pcnctration into CSF docs not alrva\r conc-latt' uith cliuical cfhcacl irr nreningitis

Ahbraviariou.s. CSF. cerehrospinal fluid: lV. intlarenottsh: PO. pg1 O$.

use in treating esophag;eal candidiasis and felrt'ile neutrope-
nia in recipierlts of henlatologic stenr cell tlansplants. It has

llot received aplrloval yet for int'asive candidiasis or ittva-
sive aspelgillosis. Iforn'ever, its mechanism of actioll arl(i
its in vitlo sl)ectnlnl of activitl are identical to those of cas-

pofungin, ro it *'ill 1'rrobabll: Lre used frrl tltese purposes
(i-14). Anothel echirrocandirr, anidulafungin, arridulafungirr,
the third FDA approved echinocandin; it has the sat.ue spec-
trum of activitv ancl mechauism of action as casprofnllgin
(145). Neither micafungirr ol arlidulafungin requires dose
adiustnlellts for end stage rellal disease or entl stage liver
disease, includirrg Child-Pugh "Class C" disease.

Flucvtosine inhibits the fbrmatiot'r of fungal RNA arrd

DNAI {nside furrgal cells, S-FC is cotrvertecl to S-fluorouracil,
rvhich interferes rt'ith p1'rimidine metalrolistn ancl decreases
the pool of precursors for incorpor.rtion into DNA ancl RNA,
therebv inhibiting DNA replication and fung.rl cell mtrltipli-
cation. 5-FC is readily bioavailable n herr giverr olall)'.
It Llistributes widel1' to bodv tissues, irrcluding the central
nervous syste'm. It is not metabolized bv hutnans autl is
excreted unchanged irr the urine, so it must be used
catrtiousll. in pratients r.r,ith retral irrsufficiencl'. Le-,'els nrrtst
be rnorritored so that steady state le,u'els are fronr 25 to
100 rncgT/ml to avoid toxicity'.

Antimicrobial Activity/Spectrum/ Resistance
Amtrhotericin B rernains the reference standard Lrv r.l'hich all
anti^-fungal agerlts are measured Lrecause it tras tlie t'ro.-rdest
spectlum, arrd has been available for the longest pe'ritttl of
time. Amlrhotericin B has actility against most fuugi arrd

1'easts; horvelet, serreral organisms that ale not trsualll'

l-rathogens irr the ICU tlisplav intrinsic resistatrce, irrcllrcling
Clntlosltoriuttt spp. anrl Fottstcocn spp., and it has varitrtle
activitv agairrst Fusnrittrtr spp., Scedospol'111111 5pp. alrcl -Sptrlr-
tIrrix sclwrckii. Altelnative anti-fungals ior these or'g(rl1isrns

include voliconazole itt most cases, or solnetinles flucvtosilre

lrr,rhich should not lre usecl as a single agent). Becar,rse of
these resistance patterns itr these relatively tttrusual ttrolds,
it is increasilrgly irrrprortant tl.rirt cornplete iclentificatiort of
clinicallv imp61i2111 fungi arrd yeasts Lre pe1'forl"ued. Soltle
Cntrdidn nlbicnts have develol-red resistauce to flucou.rzole,
some lra'r,e unpredictable resistance pattenls (C. ghltrntn),
and certain non-albicarrs Carrdida are intrinsicall), re.sistant
to the flticonazole (sr-rch as C. /'-r-lrscl).

Itraconazole is t:ffective againsi CntrLlidLt spp. Aetlition-
alh', it has activitv .rgainst Aspcrgillus spp. and sorne of the
organisms that cause endemic rn),coses, such as Coccidloldr's
itrrrrtitis ancl Hisfoplrl-srtrtt ctr1tsrrIn|urtr. Its rnaiol c-lran.birck is
poor lrioavail.rbilitl'; the cal-rsules do not tlissohe irr the

absenr:e of gastlic acid, and the drug is poorly absorbed.
The suspension is n'ell-absorbed, trut it is unpalatable.

Voricorrazole is effectirie against most stlains of fluco-
nirzole-re-sistant C. n/l,ir:rrrts and C. glnbrntn. In contrast to
the t.rther azoles, it is fungicidal for Aspergillus, Scedospor-
iurn, and Fusalitrm, although it has pool activitl' against
Zygornycetes (lvhich irrcludes mucor), where amPhotericitr
B rerlirirrs tl-re drug of choice (i4(r). TIte efficacv atrcl safety
of voriconazole in the treattnent oi acute invasive aspelgillo-
sis n,as lecerrtly revierved by Der.rning et al. (1-17) Voricona-
zole was lecerrtll, shorarn to h.rve bettel responses arrd
improl'ecl surr,ir,.rl against invasive aspergillosis, and l-rave

fert'er severe side efTects th.rn ihe standard therapv of
arnl'rhotericin B (148). In addition, an oral formulation of
voriconazole is available with excellent oral bioav.rilabiliti;
making itraconazole and voriconazole the onll' or'.rl agerrts
with acti\riiy against As;lr'r.gl/lus s1.r.

Posacorrazole is a nelv triazole drug that has leceived
FDA apPloval fol treatrnent of candida itrfectiorrs and for
prophylaxis of invasive furrgal infections, specifically in the
settirrg of cancer chernotherapv irnd tlansplantation (14c1).

Posaconazole is pronrisirrg because it has activitl' agaitrst
the zvgor-nycetes, n4rich are the cause of invasive nlucorlny-
cosis (150). One potential disadvantage to the use of p653qe-
nazoie is tl'r.rt thet'e is uo iutravenor-ts iorntulation. It does

cone as a suspensiorr and ntav be giverr olally or dorvu a

rrasogastric tube. Ravr-tconazole is another triazole in phase
III testing (151 ). It also has activitr. against Candida and
Aspergillus; it is not as active against zytSonlvcetes as PL)sd-
conazole. Tl-rey both m.ry be trseful for treatillg furrgi that ;t'e
resistarrt tc) sorne of tl-re older azole drugs.

Caspoiungin is only clinically effective for infections
due to As1ter,1illrLs s1.rp. arrd CturLliLln spp. Caspofungin has

been shou'rr to Lre at le.rst as elTective as amphotericin B for
the treatment of invasive candicliasis, and candidentia (152).

It is also as eflective as iipost'rmal amphotericin in the
treatment of .rspelgillosis and has fert'er side effects.

Caspoiungin is not activr' against CryptococctLs sprp. (142,143),

despite the fact that this or'g;anistrr has a polyghrcan cell r.r'.rll;
the lalge capsule that surrounds the Cryptococcus stelicallv
preverrts the dlug from teaching its site of action

Adverse ffiects and Drug Interactions
Anphotericin
Ampliotelicirr B has itnrnediate (infusion-related toxicities)
arrd c1elar.ed nephroioxic effects. Infusion-relatecl toxicities
inclurle fever, chills, r'igols, m1'algia, nralaise, nirrtsea, attd
vomiling. Ple-nreclicatiou n'ith acetamiuoplrer-r, diphelrhl'-
clramine, anrl lou'-dose meperidine (for r:igors) may rnitigate
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these responses. Hypotension, br.rdycarciia, anrl ventricular
dvsrhythmi..rs miry also occur a'd aie related to the i.f'si..
rate of amphotericin. Ali of the amphotericin pre.p.rrations
can cause these infusion-related adverse effe&s; ioruever,
thel' tend to be less frequent and less severe with the lipicl
preparations than rvith the deoxycirolate formulation 1li0;.The major delayed adverse effects of atmphoiericin B
involve the kidney, and these can become permanent.
These effects inclutle nephrotoxicity, electrolvte abntrr.m.rli-
ties .(especiaily hypok.rlemlr .trrd lr1'1.op.1*r.,*r"mia), anrl
renal tubular acidosis. Amphotericin B cGoxycholate is
more nephrotoxic than the other lipicl-basecl prepar.rtions
of .rmphotericin B; however, these other agents still exhibit
dose i'rnd tirne-dependent nephrotoricit),. C;-a (lm' nis tr.r tion
of corticosteroids or ACTH carr exacerbirte hypokalemi"r.
Anemia is sometimes seen, .rnd bone marrc,lrl toxicitv of
ganciclovir is exacer.bater-l by amphotericin B. Finall1,, probe-
necid m.ry increase the plasma levels of amphoteriiiri B.

Azoles
The rnost common side effects for all of the azoles ir.rcltrcle
anorexia, naLlsea, trnd vorniting. Other side effects inclucle
msh, headache, ;r'rd potential hepatotoxicity (especially
with ketoconazole). The azoles should be trsed rvith
caution, in patients on merlic.rtions metabolizecl r,,ia the
CP-150 system, due to their numerous clinicallv significant
interactions (153). Unique .rdverse effects from' speciiic
azoles include: diminished testosterone and cortisol levels
with ketoconazole; rnineralocorticoid excess with itracona-
zole (less so rvith ketocon;rzole); c.rrdi;'rc dysrhythmi.is lvith
itraconazole; and transient, reversible visual ch.tnges (seen
only with voricon"rzole).

Echinocandins
Caspofungin is generally lvell krlerated rviih minimal side
e-ffects. Caspofungin interircts with cyclosporine (increasinr
the risk of liver toxicity), irnd tacrolimr-Ls (increasing clear-
ance, thereby decreasing avail.rble tacrolimr.rs). N{inor
dosage adjustments are necessary with these drr.rgs .rnd are
outlined in the package insert. Nlicafungin and .rnidtrlafun-
sin have none of the above listed drug interactions. Anidu-
lafr"rngin must be reconstituted in alcohol for inflrsion ancl,
therefore, risks intltrcing .r clisultiram-like reaction if given
to a patient .rlso receiving rnetronidazole; administration of
anidultrfungin also requirecl a Lrrger voltrme (up to 500mL)
for infusit'rn, which may present a problem for fluid manage-
ment in an ICU patient.

Therapeutic/Clinical Uses
The choice of anti-fungal therapy may be complex clue b the
nlrmerous anti-fr.rngal agents rvith difTerent nrechanisrns of
action, spectrum of .-rctivity, various adverse effects, ;rncl the
patrcity of comparative str,rdies. f Amphotericin B
remains the reference standard by which all anti-fungals
are measured. For fungi known to be resistant, other
agents including the azoles and echinocandins may be con-
sidered in the treatment of systemic infections (15a). d The
option of tretrting with enteral .rntifungals has also been
recentlv recognizeel lvith agents that have ercellent ttral
biotrvailability (iluconazole, itrircon.rzole suspensiorr, ane'l
r-oriconazole).

The newer liposomal preparations of amphotericin B
are sigrrificantly more expensive th"'rn amphotericin B cleox-
vcholate br.rt .rre also le.ss toxic. Caspoitrngin and micaiungin
;rle similar in expense to liposom.rl ampirotericin B. 'Ihe
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Table 15 Antimicrobial Drugs of Choice Against Selecred
Viruses (Tahles I6* l8 t
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NIic loolgan isrns Drus of Choice .\lternatile agents

Cy tornega lov iru s

Herpes sinrplex

Herpes zoster

Inlluenza

Canciclovir

Acyclovir

Acyclovir

Oseltanravir,

rirnantidine

Foscarnet. cidofbvir.,
valgancickrvir

Gnnciclovir, fbscarnet,
vllacyclovir. lirurciclovir

Foscarnet. penciclovir.
f rmciclovir'. vrrlrcyclovir.

Zanamavir. amantadine

entertrlly elTective .rzoles are much less expensive .rlterna_
tir,'es via that route. Therefore, the choice of antifr-rngal
;rgent(s) must t.rke into account the specific moLl or yeist
suspectetl or proven, local epidemiologic parrerns
(especially non-.rlbicans Cnrdidn spp. infection), severity of
illness,_.rbilitv to take oral rnerlication, toxicities, aller[ies,
drLrg-clrr-rg interactions, and cost.

Crrirlelines fbr the treatment of Aspergillus irrfections
have recerrtll been reviewecl (155,156), Jnd practice guide-
lines for the tretrtment of Candic-la infectibns have also
been ptrblishecl (157,158).

There are no prospective RCTs ar'.rilable that describe
the nse trf putatively synergistic combinatiorrs of antifungals
although these treatment strirtegies appear reasonable baied
upon the respective mechanisms of action. Fttr instance, the
combination of irn azole, like voriconazole, r,r,ith caspofungin
make inttritive sense since the azoles illhibit ereosteiol
synthesis and carspofungin works on the cell w.rll, which
are separilte bittchemical pathlvays. In a simil;rr vein, the
cornbination of caspofungin and amphotericin fonnulations
rvould appe.rr to be a useful combination. The r.rse of multiple
tinti-fung.tl irgents has been used anecclotalh' in case leporrs
anrl case series (159,160). However, .rzc'rles shotrld not beirsecl
bgether with amphotericin B because they are antargonistic.

ANTIVIRATS

Antiviral agents will be discussed in ternts of viral infections
that are commonly seen in the criticerl c.rre unit (Table l5).
Antiretroviral .1gents, used for patients infected r,vith the
hum.rn immunodeficiency vinrs (HIV), r,vill not be discussed,
but the irrterested reader may refer to recer-rtly prublishe.tl
treatment guidelines (161-163). Antirnicrobi.rls useiul for
the prophvlaxis of opportunistic infections in patients w'ith
HIV infection were recently reviervecl (164).

f Currently there are more than a dozen antiviral
drugs commercially available in the US for the treatment
and/'or prophylaxis of viral infections. Most of these drugs
function as nucleoside analogs and can be convenienfly
divided into drugs useful for herpes virus infections, intlu-
enza infection ('165), hepatitis viruses (166), and miscella-
neous viral infections. f Several receut reviews ttf
antiviral drugs are noted (167-1er9).

Herpes Virus Antivirals
The most common viral infections seen in the ICU are clue to
one or more of the herpes r.'irtrses that include herpes
sinrplex virus (HSV) ('Iable 16), Varicell.r-zoster virus

-. 
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Table 16 Antiviral Agents tol Herpes Sinrplex Virus Infections

Viral inlection DrLrg Route LIsual closage

Genital heryes"

Herpes encephalitis

Mucocutaneous disease in
imniunocornpromised hosts

Orolabial herpes

Keratoconjuncti r itisb

Acyclor ir
Fanrciclovir
Valacyclovir
Acl,clovir'

Acyclovir

Ganciclovir
Farnciclovir'
Penciclovir I %
Trifluridine l?i,

Vidarabine 37o

PO ol IV
PO

PO

IV

IV
PO
IV
PO

Topical
Topical-solution
Topical-ointment

400 rng tid tbr -5- l0 days

250 nrg tid firr 7- l0 da1's

I g bid for l0 days

l0 nrg/kg every 8 hr in l-h infusion
for I4-21 days

5 rng/kg ever'y' 8 hl for' 7- 14 days

400 m-c five tirnes daily for 7- 14 days

5 nrg/kg every 8- I 2 hr for 7 days

500 mg bid fol 7 days
q2 hr while awake ttrr 4 days

One drop, evely 2 hr up to 9 dlopsiday
lf2inch ribbon five tirnes daily

"hr acycl6vir-reststant in HSV ot VZ\/ intectious, IV foscarnet 40 nrg/kg evely 8 hr appcars bcnelicial.
rTrealnlcnt of HSV ocular int'ections shoultl be strpen'ised by an oplrthaltnologist.

Abhr<'t'iutiut.t: HSV^ herpe: sirnplex virus: IV. intravenousl;: PO. pel OS; VZV. varicella-zoster rittts

Table 17 Antivilal Agents tbr Valicella-Zoster Virus Inf'ections"

Viral intection Drug Route Usual dosage

Varicella in nornral adults

Varicella in iurtttunocotrtpt'otttised

hosts

Zostel in nol'nrill hosts

Zoster in inrntunocotttprotnised

hosts

Acyclovir
Acyclovir'

Acyclovir
Valacyclovir
Famciclovir
Acyclovir

PO

IV

PO

PO

PO

IV

20 mg/kg up to 800 nrg qid tbr' 5 days

500 mg evely 8 hr for'7-10 days

800 nrg five tinres drill'for 7-10 days

I g tid ibr'7 days

500 nrg tid for 7 da5's

l0 mg/k-e every 8 hr in l-hr infusion
fbr 7 days

"ln acyclovir-resistant in HSV or VZV infcctions. IV tbscarnet 40 mg/kg every 8 hr appeals benelicial.

Abbrct,itttiorts: HSV. helpes sitnplex virus: IV. intravenously: PO, pcr OS; VZV, varicella-zoster virus

(VZV) (Table 17), (revier,r'ed in Gnann) (170) and cytomega-
lovirus (CMV) (Table 18). There are a variety tlf antivirals
available for the treatmerlt and/or prophvlaxis of the

various herpes virus infections.
Acyclovir, the fit'st oralll' a1'silable anti-herPes c1rug, is a

nucleoside analog alld is available in both errteral and

parenteral forms. Because of its poor oral bioavailabilitv a

unique pro-drug, a covalent corliugate of valine alld acyclovi4
has been developerl into the Pro-drug valacyclovir (the ptro-

drug). Valacyclovir: is converted kr acyclovir by a host
enz\/me irr tl're intestinal mLlcosa, leading to irnproved bic>

ar,ailability of ac1r6l61'1t. Similarll', f2lciclovit rvhich is avail-
able onh' irr an oral prep3rati611, is a pro-drug of penciclovir.

Famciclovir has esserrtially the same sPectrum of activity as

acvclovir but rvith improved oral bioavailability
Ganciclovir differs only slightlv frorn acyclovir struc-

turally and, in addition to the herpes virus spectrum of acy-

clovit also is active against CMV. Ar-r oral preparatiolr of
ganciclovir is available; however, its poor orai bioavailabilitl'
recerrtly led to the development of valgarrciclovir, arr olally
available pro-drug of ganciclovir, which is metabolized in
the same marlner as valac)'clo\rir.

Foscarnet is an analog of inorganic pyroPhosPhate and
complexes r,r'ith DNA polymerase, thereby iniribiting viral
DNA synthesis. This agent is useful against all of the

herpes viruses, including CMV. Its clinical use is not

Table 18 Antiviral A-rents tbr (.'N4V Inf'ections

Viral inf'ection Drug Route Usual stulting dosrge

CIt,lV retinitis

CMV pneumonia

Ganciclovir
Ganciclovir'
Valganciclovir
Cidolbvir'
Formivilsert
Foscatnet
Ganciclovir'

IV
Olal
Olal
IV
l ntlavitreal
IV
IV

,s nrgikg every l2 hl in l-hl infusion tbl l4-21 da1's

1000 ng every 8lrr fbr 21 days

900 mg everl, 12 hr for'2l days

5 nrg/kg weekly lbr two doses

330 pg every 2 weeks

60 nrg/kg evely 8 hl in l-2 hr infusion tbr l4-21 days

5 mg/kg every I 2 hl in I -hl iniusion * IV
immunoglobulin tbr l4-21days (in BMT patients)

Abbrtvimions: BMT. bone ttrano$ trfltt\plant; CN4V. c1'tontegalor ints; IV, intralenousl.v

:
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Table 19 Antiviral Agents for. I{epatiris B and C Litecrions

Viral infection Drug Route Usual dosage

Chronic hepatitis B

Chronic hepatitis C

Intert'eron-a

Lamivudine
Adefovir
Entecavir

Peginterteron alfa-2a
* Ribavirin

Pegylated interferon alfa-2b *
Ribavirin

Intert'eron alfa-2a
Interferon alfa-2b
Interferon altacon- I

SC

PO

PO

PO

SC

PO

l0 MU three times weekly or 5 MU daily
I 00 mg/day
l0 mg/day
0.5- I mglday
180 mcg weekly
800- 1200 mg/day depending on weight

and genotype
1.0- l.-5 mcg/kg weekly
800- 1200 rng/day depending on weight

and genotype

3 MU three tirnes weekly
3 MU three times weekly
9 rncg three times weekly

sc
PO

sc/rM
sc/rM
sc

Ahbreviutions: IM, intramuscular: PO, per OS; SC. subcutaneously

popular, however, because of its toxicities (nephrotoxicity
and electrolyte abnormalities), and it is generally reserved
for mainly for acyclovir-resistant HSV and CMV infections.

Cidofovir is a phosphonate nucleotide analog that is
available intravenously for the treatment of cytomegalovirus
infection. It is only useful intravenously. Its use is compli-
cated by nephrotoxicity an'l renal tubular acidosis, and it
is generally reserved for patients who have failed or have
a contraindication to ganciclovir. Dosing guidelines for
drugs used to treat HSV and CMV infections are shown in
Tables 16 to 18.

Hepatitis B and C Antivirals
Hepatitis B and C are notable causes of chronic hepatitis ancl
cirrhosis. Treatment for acute hepatitis is generally suppor-
tive in nature. Many patients in an ICU setting having
liver disease and antiviral treatment for hepatitis B ancl C
are discussed in this context. Ribavirin is a guanosine
analog that inhibits ribonucleoprotein synthesis, is active
against many RNA viruses, incluciing infections caused by
hepatitis C virus (especially in combination with interferon),
and hemorrhagic fever viruses. Its major toxicity is anemia
that can be clinically quite significant. Lamivudine (3TC) is
a nucleoside that is useful for both HIV infection and hepa-
titis B vims infection. Adefovir, which was originally used
for HIV but taken off the market due to nephrotoxicity at
higher doses, can be used in much lower doses to treat hepa-
titis B. Tenofovir, a congener of adefovit can also be used for

Table 2O Antiviral Agents for Treatment of Influenza Virus
Infections"

Viral
int'ection Dru-9 Route Usual dosage

both hepatitis B and HIV. Interferon-alpha and polyethylene
glycol-conjugated forms of interferon are also used as anti-
virals for infections caused by hepatitis B and hepatitis C
infections. They are generally poorly tolerated, must be
given parenterally (subcutaneously), must be taken over a
long period of time, and frequently cause a f1u-like syn-
c-lrome. Treatment of hepatitis B and C are reviewed else-
lvhere (171-174). Refer to T.rble 19 for .rntiviral elrug useful
in the treatment of Hepatitis B and Hepatitis C infections.

lnfluenza Antivirals
Inflr.renza, (and its sequelae) is the major cause of respirat-
ory failure in and outside of the US. Influenza vaccines,
which are manufactured annually, according to rvhich sub-
types are judged to be the most likely epidemic strains, can
prevent a large majority of the cases of severe illness. There
are also several drugs that are available for the prophylaxis
and treatment of influenza vims infections. Two of the
older dmgs, amantadine and rimantadine are oral agents
that inhibit the replication of only influenza A virus but
not inflrrenza B virus. Two newer agents inhibit the replica-
tion of both influenza A and B viruses: oral oseltamivir
(Tamifluo!) and inhaled zanamivir (Relenza'D). Please refer
to Table 20 for dosing guidelines recommendations.

IMMUN0MOOUIAT0RS: ACTIUATED PR0TElt{ C

History/Description
Despite advances in critical care, the rate of death from
severe sepsis still ranges from 30% to 50%. Though all the
mechanisms of sepsis have yet to be elucidated, our under-
standing of this complex condition has greatly increased in
the past decade (Vcrlume 2, Chapter -17). This has lecl to the
development of compounds that interrupt the detrimental
inflammatory and coagulation process involved in sepsis.

One such development is drotrecogin alfa (Xigrisa'), a recom-
binant version of natural human plasma-derived .rctivated
protein C (APC). Several studies have reviewed this agent
(I75-777). Kox (178) recently reviewed other immunomodu-
lator agents for sepsis and two reviews of the treatment of
sepsis were recently published by Wheeler (179) and Healy
(180) and will not be discussed further. Refer also to
Voltrme 2, Chapter 47 for a discttssion on sePsis and
Volume 2, Chapter 63 for a review of SIRS.

Influenza A Oseltlmivir
or B virus Zanamivir

Influenza A Amantadine

virus
Rimantadine

PO 75 mg bid tbr 5 days

Aerosol l0 mg bid by
inhaler for 5 days

PO I00 mg bid for -5 days

for treatment

PO 200 rng/day for 5 days

for treatment

"Dilfirent doses used for prophylaxis.

Abhravkttiott: PO, per OS.
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Mechanism of Action, Pharmacology,

Administration, and Dosage
The arrtithlombotic effects of APC ale mediated by inacti-
vation of clotting factors Va and VIIIa. APC also incre.rses
fibrinoll'tic activitv by inhibiting L-rlasminogen-actir.ator'
inhibitor 1 (PAI-1), lvhich increases endogenous tissue-
plasmirrogerr activator (t-PA). In vitlo data suggests that
APC exerts anti-irrflirrrmatorv effects bf inhibiting the plo-
duction of the inflarnnlatory cvtokines TNF-a, inter'leukirr-
1 (IL-1), and irrtelleukin-6 (IL-6) by nronocl'tes and bv limit-
ing the rolling of monocytes aucl uetttrophils along injured
endotl'relium.

The avelage halflife after a24 mcg/kgihour infusion
of APC is 1.2 hours. This is five tirnes longer tharr the
average halFlife of native APC. APC is metabolized arrcl

inactivated by endogenous plasma protease inhibitors.
There is a linear reiationship betu'een APC concentrations
and activated partial thromLoplastiu time (aPPT) response
irr l-realthl' patients. To date, no patients u,ith sel'rsis have
been re-administered APC. Antibodies to the recombinarrt
APC (clrotrecogin alfa) have been detected irr t'r.r'o patients
during phase II arrd llI trials. One of the patients lr'ith neutra-
lizing antitrodies developed superficial and deep vein
tlrron'rbi and died of multi-orgarr failure.

Tl're dosage of APC is 24 mcg/kg/hour infused
intravenonslv for 96 hours. The drug must be infused
within 24 hours from the time of reconstitution or prep-
alation. Patients rvith end-stage reual disease were excluded
from phase III studies. Hou'evel iu six norr-septic ESRD
patients, APC u'as not cleared by dialysis, and patients
had cleararrce rate similar to patients'l,r'ithout ESRD.

Adverse Effects and Drug Interactions
Tl're nrost conlmon adverse e','ent associated n.ith APC is
bleeding, rvhich is consistent n'ith tire drug's antithron-rbotic
activitl,. Bleeding <'rccurred in 25% of treated patients arrd
18'/, of placebo-treated p31ig1r1s in the Efficacy and Safetl'
of Recombinant Hurnan Activated Protein C for Ser.ere
Sepsis (PROWESS) trial. Hor.r'ever, the frequencl. of serious
bleedirrg u,ith APC u/as only 3.5u1,, compared to 2.09',, irl
the placebo-treated patients, but this difTerence was rrot clir.ti-
cally or statistically (P:0.06) significant (177). Serious
bleeding tended to occLlr mostly during the infusion
period and irr patients rvith p-rredisposing corrditions such
as gastlointestinal ulceration, traumatic irrjurv to a blood
r-essel, highly r-ascttlar organ iniur1,, or markedlt' aLruorntal
coagulation values. Relatively ullcornnlon siele efTects found
in phase I trials irrcluded headache, ecchvmoses, diarrhea,
and pairr at the site of irrjection.

Because the major adverse effect of APC is trleeding,
concomitant administratir-rns of medications that also
irrcrease the risk of bleeding ale reiatir.'elv corrtlairrdicated.
These medications include the ttse of uufractionated
heparin at >15,000 unitsr'day withirr eight hours of dlug
infusion; LNIWH at any dose higher ol more frequent than
recommended by their package inserts r,r'ithin 12 hours of
drug administration; n'arfarin if used rtithirr seven days of
APC infusion or rvarfarin-tvpe medications n'ithin <-5

half-lives at tl're time of drug'administration and the PT
>13.3 seconds, and,/or INR > 3.0; antiplatelet drugs (tickr-
pidine or clopidogrel) or ASA >650 mg/da1'or conrpourrds
that contain ASA >650 mg/day within seven days prrior to
drug administlation; thromboll'tic therap\' (unless used to
treat an intra-catheter thromlrosis) n'ithin three da1'5 ef
drug administration (e.g., streptokinase, tPA, rPA, antl

urokirrase); glvcoplotein IIbiIIIa arrtagonists (abcixir.nab,
eptifibatide, tirofibarr) rvithirr seven davs of drug admirris-
tration; arrtithrornl.rin infusion of >10,000 units received
within 12 hours ol'drug aclministratiorr; ancl protein C con-
centrate infusion rvithin 24 hours of drug ac'lministlatiou.

Therapeutic/Clinical Uses
od The PROWESS study demonstrated a statistically signifi-
cant decrease in 30-day mortality in septic patients treated
with APC. f However, safety and econornic corrcerns have
led to tl're clevelopmerrt of stlict usage criteria for APC at
most institutions. There are absolute ancl relative contraindi-
catiorrs to tl're use of APC. Absolute contraindicarrons are
active bleeding, epidural anesthesia, intracranial hemor-
rhage, retroperitoneal bleeding, ancl recerrt nrajor surgery.
Reiative contraindications include those patient populations
excluded frotn the PROWESS trial arrd for rvhich no data
exist. These relative contraindications irrclude preglunt or
breastfeec'linp; mothers, platelet count <30,000/mnr'', and
age <18 years. The cost of a complete course of APC
thelapv is approxin'ratelv $7,000 to $10,000.

EYE TO TIIE FUTURE

N,licrobes .rre develol-rirrg resistance to a nurnlrer of p1g-
viously efficacious antimicrobials. Accordingly, ne.w modal-
ities are beirrg explored and developed to cornbat microbial
pathogens. Ner.r' r'accines targeted at nosocomial pathogens
are being assessecl that may lead to infectiorr prerrention in
this patient poprul31i.t.r (181,182). Antibiotics specifically
clesigrred u,ith actilitl' against ernergirrg resistant organisms
are currently under investigatiorr (183). Antitracterial agents
in development shon'ing clinical prornise include fluoroqui-
rrolones (181 - 1 86), ketolides (187,188), oxazolidinones (189-
193), everninoml,cins (194), carbapenerns (195-198), gl1'co-
pep tides (199 -201), arrd gl1'cylcyclines (202 - 203). Likewise,
lnan)' ne\{' arrd novel antifrurgal (204-208) and antivilal
(209-213) agents are in clinical tlevekrpurent.

A potentiallv helpfrrl additiorr to preverlting staphylo-
coccal infections has emerged recentlv rt'ith the use of a

vaccirre (StaprhVAXt.) for thle prevention oi -s. nrrrar"- infec-
tions irr chronic dialysis Lratients, a Broup of patients n'ho
are susceptible to repeated line associated infectiorrs (214).

The 'u'accine consists of a mixture of type 5 and type 8 capsr.r-

lar poly'saccharicles conjugatecl to a carrier protein, and
immunization of dialysis patients decreased S. nirrclrs infec-
tiorrs b1' 64"t" at 32 n'eeks Lrost immunization as compared
to conirols. Unfortunatell', immunity u'arres u'ithin a year,
so arrnual vaccinations al'e necessary. Future vaccirles
might contairl rnore serotypes. Further, it remains an open
cluestiorr as to n'hetl'rel the protection seen in patients n'ith
chronic renal failure can be extended to other sets of patie'nts.

Better insight into the understanding of septic shock
will bling us additional agerlts tarteted to alter the natural
historl' of this most fealed complication of infection (215-
219). ln adclitiorr, marl)r immunornodulatory thernpies are
beirrg investigated for severe sepsis and septic shock
(220,221).lb date, more than 70 phase II arrd phase III RCTs
have been psrfolrned evaluating the potential role of adjuvant
rnediator-targetec'l therapy in patients r,r'ith sepsis. A great
cleal has been lealned from these investigations and
the futule oi se1rsis research holds not onl1' the prospect of
furrdamerrtal rrel,r' insights into the interaction of the host,
the enlilorrrnent, and medic.ll interverrtiou in disease
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pathogenesis, but also the possibility that a major cause of
global morbidity and mortality can be successtully con-
Irrlnteo (izl.l.

Adjunctive immune therapy using immunomorlula-
tory ther.'rpies and combination antifr-rngal therapy are
being explored to help combat the ever-increasing spectra
of errcounterecl fungal infections (223-229). Resolutittn of
invasive fungal infections is dependant on host defenses.
Clinical trials utilizing granulocyte coionv-stimr"rlating
factor and interferon products are ctrrrently r.rnr'lerway that
r.vill hopefully establish '"vhether immunotherapy is of clini
cal value in the treatment of invasive fungal infections (229).

Newly discovered antimicrobi.rl peptides (AMPs) are
being stuclied to help overcome bacterial resistance that

Table 21 Antibiotic Guidelines firr Trauma Patients
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currentlv h.rrnpers our ability to treat many hospital-acquired
infections (230-232). AMPs have a broad .lntimic bial
spectrum and lyse microbial cells by interaction with bio-
rnembranes. They also have multiple roles as mediators of
inflammation that can influence diverse processes such as
cell proliferation, immune induction, wound healing, cytokine
release, chemotaxis, and protease-antiprotease relationship.
Studies are currently ongoing investigating the biology of
AMPs that will hopeftrlly determine their piace in therapeutics
for infections and inflammatory diseases (231).

In adclition, exciting research is currently underway
investigating the nervly cliscovered Type III secretion
systems common to several important bacteria and may
prove to be a beneficial new target for combating these

Site/diagnosis Potential organisms Primary therapy Altelnative therapy

Aspiration pneumonia

during traumatic event

Closed head injury
with ventliculostomy

Open head injury
Post-brain injury abscess

Blunt chest traurna

Chest tube prophylaxis

Blunt abdominal trauma

Without visceral
penetration

With visceral penetration

Oral flora

S t up h y- I oc o c t' u s ( u r e il s,

coagulase-negat ive
staphylococci

.S. nurzrrs, GNR

S. aureus. GNR tincluding
P se u tl onu n ut s), anaerobes

nla
nla

nla

Enteric GNR, enterococcus

Clindamycin or third-generation
cephalosporin'

Need tbr prophylaxis controversial

Ceftriaxone * oxacillint'
Ceflazidime * metronidazole *

oxacillinb
Antibiotics not recommended
Antibiotics not recommended

Antibiotics not recommended

Ampicillin f third-generation
cephaolspoin' + metronidazole

Fluconazole

Antibiotics not recotntnended

nf tt

Cephabsporin''"
Cephalosporino'u * aminoglycoside'

Cephalospolinb'1 + an

arninoglycositle' '| metronidazole

or clindamycin

Topical sulfadiazine or sultirmylon
Antibiotics not recommended

Fluoroquinolone * clindamycin
or metronidazole

Oxacillinb or cetazolin or
vancornycin

Vancomycin
Meropenem f vancornycin

nla
nla

nl,^

Vancornycin n fl uolquinolone
or arninoglycoside'*
rnetronidazole or carbapenem
or piperacillin/tazobactam

Voriconazole or caspofungin

or anrphotericin B

GNR, anaerobes, anaerobes, Ampicillin + third-generation Vancomycin or piperacillin/
enterococcus cephalosporin or fluoroquinolone tazobactaln or carbapenem *

* nretronidazole aninoglycoside'* ntetronidazole

GNR, enterococci. Ampicillin or piperacillin f an Add metronidazole if initial therapy

anaerobes (less ofien.l aminoglycoside" is unsuccessful

If gastric ruptue

involvement
Gunshot wound

abdornen

Biliary trauma

Renal trauma

Nickecl ureter

Nicked kidney

Orthopedic
Grade I

Grade II

Grade III

Acute burns

Topical
Inhalational

Canditla ulbicans

nfa
Follow urine cultures and

treat accordingly

S. trurcus

S. uureus

S. aureus. GNR: possible

anaerobes

S. uureus

nfa

nla
nl:u'

Oxacillin or vancomycin
Oxacillin or vancomycin * an

aminoglycoside"
Vancomycin + an

aminoglycoside' * rnetronicluzoleor
clindamycin

Nitrofirrazone
nla

'Cefirtaxirle. celtriaxtlne. ceftazidirne.
bVancoml'c,in if rncthicillin-resistant S. rtttrztts is comtlon

'Gentamicin, tobrirmycin. amikacin.
'rFirst-generation cephalosporin (cefazolin, cephaltrthrn)

Abbrat,iation: GNR. gram-negative rods.

I

I

I
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pathogenic bacteria. In the 1980s ancl 1990s researchers
studving Yersinia (the causative atent of butronic plague)
discovered that tl.rese orgarrisms utilized a svr.inge-like injec-
tiorr s1'stem to delit'er virulence factors inside the rnanrnra-
lian host cell (233). These ha.r,e since been called Tt,pe III
secretion systenls, and significant hornology exists'acr.trss
several spc.cies of pathogenic gram-negati've orgarrisrns
(incltrding Ycrsinin, E. coli, P. ncrugitrosn, B. pcrtussis, Snhntt-
nella, Shigelln, as well as Clilnntldin spP, and various plar.rt
and fish pathogens) (23.1). Further study of tl.rese flagella-
like stluctures likell, Lre a source oi anii-infectir e thJr.ap1.
in the not so distant future (235).

Finalll', the field of p'rharmacogerromics is a rapidll,
emergirrg discipline of interest irr ntedicine atrd pharr.na-
ceutical lesearch atrcl develop'rment. PharmacL)genornics
nrav have corrsiderable and significant impacf orr infectit.rus
disease therap)t including antibiotic therap1,. l'he last fen,

vears have n'itrressecl an etlorlnous irrcrease irr genornrc-
relaterl techrrologies as thel apply to antibacter.ial iher.apies
(237). Pharmacogenonrics has the potential to revoltrtionize
the Prgl'gn1i11n, rliargrrosis, and treatmerrt of infectious dis-
eases (236-245).

SUMMARY

Manl' patierrts u'ith ser,ere illness or.c(nrditions like urultiple
tlaunta antl sevele lrunrs are susceptitrle to infectiorr tlui ttl
theil clepressecl irnmune fuuctitrrr. il.re gttal of arrtimicrobial
thelapf is to p'rlg1'sn1 .rrr irrfectiorr frorn tieveloprit'lg or to treat
an existirrg irrfection. In this chapter n'e have reviern,ed a
rnultitude of antimicrobials, ilrcluding antibacterials, anti-
furrgals, anel arrtivilals, that are currerrtly ar,.rilable to the
clinician for utilization irr 1'r1s1's111ing or tt.e;rting irrfectiotrs

lable22 Ernpilic Antibiotic Therapl fol the Clrticalll lll lnterrsive Clre LIriir Patierrt

Anatonric site,i
diagnosis Potential organisrn Plirnalv therapl' Alternative therlpy

Blood/bacterenlia 
-line associated-

endocarditis

CNSl nreninsitis

Intraclarr i al iacute
ahscess

Lurrgs/ pneunron ia

Abdonren,, peritorritis.
abscess

Abdonren/ biliar'l tract

Peh'is/PID
Urinarv tract,/

pl,elonephritis

Sta pln' I ot oc t' r t.r o u re r t s

coa-ctu I ase - ne-{at i ve -

staph-r,lococci

CNR

Streptocot t'tts

pnetttntntiue

Ne i sse riu nten i ng i t iclc t

GNR. S. rturz,as

S. uurcul;

Anaerobes (comntonll,

subacute)

S. atl'crr.r'

GNR. oral anaerobes

GNR. anaelobes.
enter ococci

GNR, enterococci.
anaelobes (occt-lr late

and in the eldelll,)
GNR/anaerobes

CNR. enterococci

Oxacillin" or nafcillin" + an

aminoslycoside" I if enterococcus
is suspected. add anrpicillin)

A thild-genelation ceplralo-
spoli n' * atuinoglycusitleh

Ceflriaxone { vancomycin'

Penicillin
Oxacillin" ol natcillin" * cefiriaxone +

an aminoglvcosideb ol use

celiazidinre in place of celtriaxonc
if Pseudonronas suspected

Oxacillin" or nat'cillin'' + an

anrinoglycosideo

Add nretlonidazole

Oxacilliu" or nati-illin"

Third-genelation
cephalosporin' * metlonidazole

Anrpicillirr or piperacillin *
metr onidazole 1 un lrnino-glycosider'
(if Pseudorrronas)

Anrpicillin or piperacillin * an

anti rtoglycoside"

Gentanricin and clindanrycrn
Anrpicillin of vanconrvcilr + an

anri nogl ycoside"

Vancornycin or cephalosporin'+ an

arninoglycosidel'

Intipenenr or lneropelteln or
pipet'acillin,/tazobactall or azteoltanr
or' fl uorquinolone * anrinogl) cosideh

Imipenent or meropenem

Celiriaxone or intipenem
Vanconrl,cin * cefiliarone * an

urninoglycosidel'

Vancomvcin

Ch lolanrphen icol

Cephalosporin" or vanconrl'cin or
I inezolid

Fluoloquinolone ol inripenem or
pipelacillin (*clindarnl,cin) or'

pipelacillin/tazobactanr * an

arninoglycosiden
Vanconrvcin in place of penicillin *

metronidazole * an atninoglycosicler'
of thil'd-generation cephalospolin';
imipenenr or pipeLacillin /tazoboctarli

Add rnetlonidazole if initial therapy is
u nsuccessful

Cetoxitin and doxycycline
Thild-eeneration cephalospolin (rvith

ampicillin ol vancornycin if elttero-
coccus suspected )

"Vtncornycin if methicillin-resistant S. arlzl.r cotrln)on.
"Centanricin, tobrarnycin. arnikacin.
'Celbtaxime, ceftriaxone. cefiazidirne.
oFirst-generation 

cephalosporin (cetazolin, cephalorhin t.

'ln arerrs with high incidence ofpenicillin-resisttm s. ptteurtutrrrttt,.
Abbreriutittrts: GNR, grant-negative rods: PID. pelt ic inHalrrrrr:uorr

r anconrl cirr slrould 11 n6c1a.1

tl i st'l.rse .
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in criticallv ill patients. In aclclition, rve have highlightec-t
many areas currently being investigated with the quest of
identifying adclitional agents to assist in the control of anti-
biotic-resistant bacteria and opportunistic infections.

Antibiotic use should be planned rleliberately from
the time of admission in hospitalized patients. Prophylactic
antibiotic use should be restricted to a specific diagnosis
;rnd exceptional conditions. The antibiotic choice should
be determined based on prevailing, institution-specific
bacterial resistance patterns. Only through judicious anii-
rnicrobial use ctln prevention of the c-levelopment of
multi-resistant pathogens be realized. The choice of arrtimi-
crobial agent must be influenced by .r clinician's famili.rritv
with the available drugs. Empiric guidelines for Trauma
patients are plovided in Table 21, and those for critically
ill patients of trauma, surgical, or mec-lical ()rigin are
shown in Ttrble 22.
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KEY POINTS

f Antimicrobial selection for irauma ancl critical care is
btrsed on the following seven considerations: (i )

whether the antibiotics are planned for prophylaxis or
treatment of an established infection; (li) the anatomic
site of infection; (ili) whether the infection is cornmu-
nity-acquired or nosocomiarl; (lrr) best €iuess of the
most probable causative microorganism (barsed upon
geographical and institutional isolate profiles); (u) the
patient's innate immunological status; (rl) the severity
of the infection and generai condition of the p.rtient;
anrl (i'ii) financial cost.

d A primary tenet of antimicrobial therapy is to use the
narrolvest spectrum antibiotic possible, rather than a

broad-spectrum agent.
As Ignaz Phillip Semmelweis discovered 150 years ago,
the most important meirns of preveuting the trans-
mission of micro-org.rnisms from one patient (via the
doctor or nurse) to another patient is strict hand
washing (ancl nt'rrv, the use of clean c-lisposable gloves).
At present, the rnajority of iniectic.rns in hospitalized
trauma ptrtients are dtte to gram-positive organtsms
(19) for example, MRSA and VRE t.rnci to a lesser

extent, multi-resistant gram-negative rocls (20).

Penetra.r ting intra-abdom inal injurv, perforatetl abdomi-
ntrl viscera, and open fractttres, all lvarrant antibiotic
prophylaxis(22 -25).
The addition of a beta-lactamase inhibitor to beta-

lactam antibiotics prodr"rces efficacy .tgainst beta-lacta-
mrrse prtrclr,rcing cxganisms, strch as S. nurcus, E. coli

and most anaerobic bacteria. However, these combo
products add no ac-ltlitional activity against Psctllldttt()-

ntts nerttginosn and have no activity against MRSA.
In general, as one selects a second, thircl or fourth
generation cephalosporin, there is incretrsed activitv

Chaptet 53: Antimlcrobial Thercpy g1s

against aerobic gram-negative bacteria and less activity
against gram-positive orgamisms.
The cephamycins, specifically cefoxitin antl cefotetan,
have urriqrre broad-spectrum activity against most
.rnaerobic organisms (except there are increasinl; resist-
ant forms of B. frogilis).
Aztreonam is devoid of antibacterial ..rctivity against
gram-positive antl .rnaerobic bacteria.
Carbapenems trre the class of antibiotics with the greatest
spectrum activity of any class of antibiotics for systemic
use in humans. Thev are active against gram-positive
(except MRSA), gram-negative, and ;rnaerobic bacteria.
These agents (except ertapenem) are particularly useful
for hospital-actluired infections where bacterial resist-
ance (other than MRSA ancl VRE) may be a concern.
Patients with a history of penicillin allergy due to rash or
pmritus only occurring more than three days after aclmin-
istration are no more likelv to have any allergic reaction to
a cephalosporin than patients without a history of
penicillin allergV antl can safely recei.r,e cephalosporins.
There is rrp to.r 50'1/u chance of developing tt rash to carba-
penems in patients with a history of rash to penicillins.
Aztreonam is considered a safe alternative in patients
allergic to penicillins or cephalosporins requiring
gram-negative coverage, and vancomycin is the rec-
ommended choice for those ptrtients requiring gram-
positive coverage.
All aminoglycosides are nephrotoxic trncl ototoxic anc{ can
prolong the duration of neuromuscr-rlar blockatle tlrugs.
Tetracycline has a broad spectrum of trntimicrobiai
activity inclucling gram-positive, gram-negative, and
anaerobic bacteria, as well as rickettsias, rnycoplasma,
chltrmydias, protozoa, actinomycetes, trnd certain viruses.
Azithromycin has.rn extremely long intracellular dwell
time, pennitting once daily (or less often) dosinS;.
Because of its gram-positive and an.rerobic coverage,
clinclamycin is useftrl (with combination gram-negative
therapy) for necrotizing fasciitis, most oral and vaginal
anaerobic infections, and diabetic foot infections, which
tend to be polymicrobial and virulent.
Metroniclazole is indicated for the treatment of serious
polymicrobial infections involving anaerobes (e.g.,

necrotizing fasciitis .rncl infections involving contami-
nation from the GI tract). Importantly, other agents
with aerobic gram-positirre and gram-negative cover-
ai;e must be coadministered.
Bncteroitles frngilis is probably the most frequently
encountered clinically significant anaerobe and metro-
niclt'rzole shotrld be consitlerecl the drug of choice,
especially in intra-abclominal iniections (57).

The greatest utility of qr-rinupristin/ clalfopristin, dapto-
mycin, and linezolicl is in the management of p.rtients
rvith VRE or MRSA infections for which limitecl alterna-
tives exist.
Vancomycin is most often used parenter.rlly to treat
IvIRSA, empiricallv in liie-threatening infections, and
orally for C. dlflcllc colitis.
TMP/SN4X may be extremely useful in severe infections
causecl by susceptible organisms in the critically ill
patient, especially those infections c.1lts€d by Enterobnc-

trr sp., .rntl other gram-negative rods th.rt may be multi-
resistant to beta-lact.rm drr-rgs.

Qr.rinolone antibiotics, similar to the cephalosporius, are

tr.rclition.rlly c.rtegorized into first to iourth generations
birsecl upon spectrtlm of activity. In general, the

second, third, and fourth generations have enhanced
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gram-positive cc'rcci activitl' (except ciprofloxacin) and
grarn-negative rod activitv. Excellent auaerobic activity
is seen u'itl-r trovafloxacin and moxifloxacin.

( SSD represents a compromise betu'een the high efficacy
of mafenide and the high mainterrance of silver nitrate.
It is tl'rerefore the most commollly employ'ed topical
antimicrobial agent in the burn patient, and frequentll'
used as cornbination treatment (often alternating every
12 hours) u'ith mafenide.

f Although many anti-TB agents are available, the rnost
important drugs for therap-rv of criticallv ill patients are
commonlv knort'n as "RIPE" nhich stands for: rifam-
pin, isoniazid, pyrazinamide, and ethambutol (49,50).

f Amphotericin B remains the reference standarcl by
which all anti-fungals are measured. For fungi known
to be resistarrt, other agents including the azoles and
echinocandins may be considered in the treatment of
systemic infections (151).

f Currently there are more than a dozen antiviral drugs
commercially available in the United States for the
treatment and/or prophylaxis of viral infections. Most
of these drugs furrction as nucleoside analogs and can
be convenientlv divided into drugs usefr.rl for herpes-
virus infections, influenza infectiorr (162) hepatitis
viruses (163), arrd miscellaneous viral infections.

oa The PROWESS studv demonstrated a statistically sig-
nificarrt decrease in 30-day mortality irr septic patients
treated u'ith APC.
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