688 ANTIBACTERIAL THERAPY: THE OLD, THE NEW, AND THE FUTURE

group included nine prospective series and two meta-analyscs, Their
analysis showed that overall, the incidence of pneumonia was signifi-
cantly reduced from 14% in the placebo group to 4.1% in the group
receiving prophylactic antibiotic therapy, and the incidence of empy-
ema was also significantly reduced from 8.7% in the placcbo group to
0.6% in the antibiotic group.

The studies included in the meta-analysis varied considerably
with regards to the antibiotic of choice, duration of therapy, defini-
tion of empyema and pneumonia, the lacation in which the proce-
dure was performed and the experience of the medical personnel
involved in the procedure. Those factors, particularly the lacation of
tube placement, whether in the field, emergency room, operating
room, or ICU, as well as the training of the medical personnel in-
volved have been shown to impact the risk of infection. Further well-
designed trials taking these factors into account should be done to
provide a better understanding of this issue.

However, based on the data available, the EAST Practice group
has recommended 24 hours of therapy with a first-generation cepha-
losporin after tube thoracostomy. The calculated number needed to
treat to prevent a pulmonary infection is six. As chest tube placement
is a known risk factor for ventilator-associated pneumonia, such
treatment may well decrease the incidence of VAP as well as empy-
ema, and should be practiced on a regular basis,
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" PRINCIPLES OF PHARMACOKINETICS

The goal of pharmacotherapy is an effective response with no toxicity.
The prescriber must have knowledge of the principles of drug absorp-
tion, distribution, and elimination. The dose-response relationship is
influenced by dose, dosing interval, and route of administration, The
plasma drug concentration is influenced by absorption, distribution,
and elimination—which in turn depend on drug metabolism and
excretion, The plasma concentration may not reflect tissue concentra-
tions, as penetration into individual tissues is variable. Finally, the rela-
tionship between local drug concentration and effect is defined by
several pharmacodynamic (PD) principles (see following discussion).
A few basic concepts of pharmacokinetics (PK) are useful to l!w
practitioner. Bioavailability is defined as the percentage of an adminis-
tered dose of a drug that reaches the systemic circulation. By definition:
bioavailability is 100% after intravenous administration. However, tis
varies among drugs after oral administration, being affected by abfﬂlP'
tion (a function of product formulation and gastric emptying '-“,“8]’
intestinal transit time, and the degree of hepatic first-pass metabalism-
Half-life refers to the amount of time required for the flrug
concentration to reduce by half, and thus is a hybrid of consider-

-
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sions of both clearance and volume of distribution, Half-life is use-

" I $ Antibiotic PD is dctermined by laboratory analysis, and thus
il to cstimate when a steagyfstate drug‘ concentration will be  the extrapolation of in vitro results to the patient may be challeng-
chicved. 1f @ loading dose” is not administered ntravenously,  ing because the interaction with the host immune system is iso-
(hereby creating instantaneously a desired drug concentration tobe  lated from the analysis of the drug-microbe interaction. Analyses
maintained throughout therapy, four to five half-lives mustelapseto  from in vitro study include the minimal inhibitory concentration
achieve @ s_lcady state. Changes in dosage and changes in half-life (MIC). The MIC is the minimal serum drug concentration neces-
owing to disease state (e.g. rena} failure) must be accounted for. In-  sary for inhibition of bacterial growth, expressed as the proportion
rpretation of drug concentration data is difficult if the patientis  of the inoculum inhibited (MICy refers to 90% inhibition). How-
pot at a steady state, cspecmlly 50 in critical illness characterized by ever, some antibjotics may have important effects on bacteria at
fiuctuating organ function and voliume of distribution, subinhibitory concentrations. Moreover, MIC testing may not de-

Volume of distribution (Vp) is a proportionality constant that  tect the presence of resistant bacterial subpopulations (a particular
relates to plasma concentration and the amount of drug in thebody.  problem with “heteroresistance” of Gram-positive bacteria, par-
Vp is useful for estimating achievable plasma drug concentrations

1 € D ticularly Staphylococcus aurcus).
that result from a given dose. It is a derived parameter that is inde- Sophisticated analytic strategies draw upon the principles of
pendent of a drug’s clearance or half-life. It does not have particular

both PK and PD; for example, by determination of the peak serum
physiologic significance, but pathophysiologic conditions can alter concentration:MIC ratio, the duration of time plasma concentra-
Vp substantially. A reduction of Vi will result in a higher plasma tion remains above the MIC, and the area of the plasma concentra-
drug concentration for a given dose. However, the “third space” ex- tion-time curve above the MIC (the “arca under the curve,” or
wravascular volume redistribution, fluid overload, and hypoalbumin- AUC). With some agents, antibacterial effects may persist for pro-
emia (with decreased drug binding) of surgical illness act to increase longed periods after the plasma drug concentration has become
Vp, all of which makes dosing a complex matter. “subtherapeutic.” The persistent inhibition of bacterial growth
Clearance refers to the volume of liquid from which drugiselimi-  (but not killing) that persists after the serum drug concentration
nated completely per unit of time (whether by distribution to tissues,  has fallen below the MIC for the organism is known as the postan-
metsbolism, or elimination) and is important for determining the tibiotic effect (PAE). Appreciable PAE can be observed with amino-
amount of drug necessary to maintain a steady-state concentration. glycosides and fluoroquinolones for Gram-negative bacteria, and
Drug elimination may be by metabolism, excretion, or dialysis. Most ~ with some B-lactam drugs (notably carbapenems) against
drugs are metabolized by the liver to polar compounds that canthenbe S, aureus, Through analyses of this type, certain drugs {e.g., ami-
excreted by the kidney, but metabolism does not imply inactivation.For  noglycosides) have been characterized as having concentration-
eample, metronidazole is metabolized to a bactericidal metabolite  dependent killing whereby a higher peak concentration increases
witha prolonged half-life that has dosing implications. The kidneysare  the efficacy of bacterial killing (up to a point). Other agents (most
most important for excretion of metabolized drugs, although some  B-lactam agents) exhibit bactericidal properties that are indepen-
drugs are metabolized or conjugated by the kidneys. Renal excretion  dent of concentration. Rather, efficacy is determined by the dura-
may occur by filtration or by active or passive transport. The degree of  tion of time the plasma concentration remains above the MIC.
fitration is determined by molecular size and charge and by thenum-  Other agents (e.g., fluoroquinolones) exhibit both properties such
ber of functional nephrons. In general, if greater than 40% of adminis- that bacterial killing may incrcase as drug concentration increases
tered drug or its active metabolites is eliminated unchanged in the up to a point of saturation, after which the effect becomes inde-
wine, decreased renal function will require a dosageadjustment. Active  pendent of concentration.
reabsorption and concentration of aminoglycosides by proximal tubu-

bar cells i a likely component of its well-recognized nephrotoxicity.

*1 EMPIRIC ANTIBIOTIC THERAPY
) PRINCIPLES OF PHARMACODYNAMICS The decision to administer empiric antibiotic therapy must be con-

sidered carefully. An injudicious approach could result in nontreat-
Th? variable responses to drugs administered to a heterogencous  ment of established infection or therapy when the patient has only
Palient population can be described and perhaps reduced byan un-  sterile inflammation or colonization with bacteria, Inappropriate
dtmanding of PD, the relationship of a drug to its intended effect.  therapy (e.g., delay, therapy misdirected against usual pathogens,
¢ PD of antibiotic therapy is especially complex because drug-  failure to treat MDR pathogens) leads unequivocally to increased
Patient, drug-microbe, and microbe-patient interactions must be mortality. Several questions should be asked in each circumstance
éounied for. Knowledge of how patient characteristics influence  where empiric therapy is being considered.
®sorption, distribution, and elimination of a drug—and how an Are antibiotics indicated at all? The answer is ultimately often no,
I otic interacts with the targeted microbe—can increase thelike-  but the decision to start treatment of the unstable patient must often
thood of o salutary clinical response. In turn, antimicrobial effects  be made before definitive information becomes available. The deci-
o0 bacieria are highly variable. Microbial physiology, inoculum size,  sion to start antibiotics empirically is based on the likelihood of in-
a!nlcrubia} growth phase, intrinsic and extrinsic mechanisms of resis-  fection, its likely source, and whether the patient’s condition is suf-
.+ microenvironmental factors such as the pH at a local site of

in ficiently precarious that a delay will be detrimental. Outcome from
In :ﬁhon, and the patient's immune response are important factors.  serious infections is improved if antibiotics are started promptly, but
) the cag

With g of antimicrobial therapy, the key drug interaction isnot  on the other hand only about 50% of fever episodes in hospitalized
™ the host but with the microbe.

patients are caused by infection. Many causes of the systemic inflam-
vith Ause of microbial ability to alter the nature of the interaction matory response syndrome are not due.tg infection (e.g., aspiration
lan arllsmk:rc:béal agents (principally via the development of resis-  pneumonitis, burns, trauma, pancreatitis), although ‘they may be
mﬂ" +mere delivery of drug may not be microbicidal, Factors that complicated later by infection. Multiple organ dysfunction syndrome
orﬂ "-On}rlbu.te to the development of resistance are the production  may progress even after an infectious precipitant has been controlled,
g TUg-inactivating enzymies, alteration of cell surface receptor tar-  due to a dysregulated host response.
bt Molscules, and allered bacterial permeability to antimicrobial Must antibiotics be started immediately? If the presumed infection
ﬁenf}mlion. Critical to the microbe-patient interaction is the pa-

is not destabilizing, this decision also depends on the overall status of
ng » Inunune system. Also inseparable are drug-patient factors that the patient and should take into consideration such host factors as
‘hix); influence PK, such as hepatic and renal function, serum albu-

age, debility, renal and hepatic function, and immunosuppression.
Concentration, and extraceflular volume status, Culture yields are highest before antibiotics are administered, which
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for certain types of specimens (e.g., blood, cerebrospinal fluid) can
be Cl:Uf-ia!- However, for many infections (e.g., bacteremia, intraab-
dominal infection, pneumonia) early appropriate therapy improves
outcome,

Which organisms are the likely pathogens, and are they likely to be
MDR? The clinical setting must be considered (e.g., nosocomial versus
community-acquired infection, recent antimicrobial therapy), as must
the patient’s environment (e.g,, recent hospitalization, proximity to
another infected patient, the presence of MDR pathogens in the unit)
and any recent microbial cultures obtained from the patient.

Will a single antibiotic suffice? The likely diagnosis and the nature
of the probable pathogens are crucial determinants. If a nosocomial
Qram-positive pathogen is suspected (e.g., wound or surgical site
infection, catheter-related infection, prosthetic device infection,
preumonia) and methicillin-resistant S. aureus (MRSA) is endemic,
empiric vancomycin (or linezolid) is appropriate. Some authorities
recommend dual-agent therapy for serious Psendomonas infections
(i.e., an antipseudomonal B-lactam drug plus an aminoglycoside). It
Is important to use at least two antibiotics for empiric therapy of any
infection that may be caused by a Gram-positive or Gram-negative
infection (e.g., nosocomial pneumnonia).

Duration of Therapy

Perhaps the most difficult issue is identifying the endpoint. If bona
fide evidence of infection is evident, treatment is continued as indi-
cated clinically. Often, however, the cultures will return negative and
the decision must be arbitrary. The decision is complicated further
when the patient has had a clinical response to antibiotic therapy in
the absence of corroborating evidence, which may be coincident with
or a result of false-negative cultures. Moreover, the bias to do sone-
thing to treat the patient (ie., continue antibiotic therapy) can be
compelling in a patient who is deteriorating.

It must be recognized that careful culture techniques and specimen
handling, combined with current sophisticated microbiology labora-
tory support, make it unlikely that substantive pathogens will
be missed. Therefore, continuing empiric antibiotic therapy beyond
48 hours becomes difficult to justify. There are two possible exceptions.
One occurs when fungal infection is suspected because the organisms
can be difficult to colture, and the other occurs when deep cultures are
needed from areas that are inaccessible without radiologic-guided
aspiration and some time is necessary to make appropriate arrange-
ments (but is not an excuse for procrastination).

How long should a course of therapy be continued? Effective
broad-spectrum antibiotics are widely available, and many infections
can be treated with therapy lasting 5 days or fewer. It is important
that every decision to start antibiotics must be accompanied by a
decision regarding the duration of therapy. A rcason to continue
therapy beyond the predetermined endpoint must be compelling,
Bacterial killing is rapid in response to effective agents, but the host
response may not subside immediately, Therefore, the clinical re-
sponse of the patient should not be the sole determinant for con-
tinuation of therapy, If a patient still has sepsis syndrome at the end
of a defined course of therapy, it is more useful to stop therapy and
obtain a new set of cultures to look for new sites of infection, resis-
tant pathogens, and noninfectious causes of inflammation,

There is a clear trend toward shorter courses of antibiotics for
established infections. Broad-spectrum antibiotics that achieve excel-
lent tissue penetration have been an important clinical development,
but they also carry morbidity. The worldwide emergence of MDR
Gram-positive and Gram-negative bacteria, superinfections in im-
munosuppressed patients, and the increased mortality associated
with nosocomial infections in general make it important that ade-
quale therapy be provided rapidly and for the shortest possible dura-
tion. Unfortunately, duration of therapy is not well established in the
literature—and new studies are seldom designed with duration of
therapy as a primary endpoint, Much depends on expertise and
clinical judgment, which is accumulating in favor of shorter courses
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of therapy. Nowhere is this clearer than for peritonitis ang intra.qy
dominal abscess, for which the previous standard 7. ¢, g
courses of therapy have been reduced to 5 days. day

Infections that require 24 hours of therapy or less (sometimes
single dose) include uncomplicatec! acute appendicitis or chy lll'a.;
uncomplicated bacterial cystitis (wn.h some ag_mg), and intesting
farction without perforation. There is seldom justification ¢, con; in.
antibacterial therapy for more than 10 days. Examples of . Mue
fections that require more than 14 days of therapy include ¢ g
of any site, endocarditis, osteomyelitis, and selected cases of brain by
scess, Jiver abscess, lung abscess, some cases of postoperative b
and some cases of endophthalmitis. Amang the many reasons 1, .
therapy to only that which is needed is that antibiotic therapy ‘df
verse consequences, despite a widespread perception that Ssafe
if not entirely benign. Adverse consequences of antibiotics inciug, 4
lergic reactions; development of nosocomial superinfections,j uing
fungal infections, enterococcal infections, and Clostridium diff;,°
related disease; organ toxicity; promotion ef_ann'biolic Tesistances e,
duced yield from subsequent cultures; and induced vitamin K ef,.
ciency with coagulopathy or accentuation of warfarin effect.

™ CHOICE OF ANTIBIOTIC

The choice of which antibiotic to prescribe is made based on severs)
interrelated factors. Paramount is activity against identified
gens, presuming that a distinction between infecting and colonizing
organisms can be made and that narrow-spectrum coverage is always
most desirable. Knowledge of antimicrobial resistance patterns, pa-
tionally and especially in one’s own institution and unit, is essential.
Also important is an assumption regarding likely pathogens, which is
paramount in cases where empiric therapy is necessary. Estimation
of likely pathogens depends on the disease process believed respon-
sible, whether the infection is community- or hospital-acquired,
whether MDR organisms are present, and proximity to other in-
fected patients. Also important are patient-specific factors, including
age, debility, immunosuppression, intrinsic organ function, priora-
lergy or another adverse reaction, and recent antibiotic therapy. In-
stitutional factors that may play a role include the existence of guide-
lines or practice parameters that may specify a particular therapy, of
the availability of specific agents as defined by inclusion on the for-
mulary or restriction by antibiotic control programs (Figure 1).

Development of Bacterial Resistance

In general, bacteria use four different mechanisms to develop resis-
tance to antibiotics. Cell wall permeability to antibiotics is decreasedy
changes in porin channels (especially important for Gram-negat™
bacteria with complex cell walls, affecting aminoglycosides, B-lactam
drugs, chloramphenicol, sulfonamides, tetracyclines, and possibly 4%
nolones). Production of specific antibiotic-inactivating enzymes by
plasmid-mediated or chromosomally mediated mechanisms it
aminoglycosides, B-lactam drugs, chloramphenicol, and miacrol
Alteration of the target for antibiotic binding in the cell wall afects
B-lactam drugs and vancomycin, whereas alteration of target & """i L
can inhibit B-lactam drugs, sulfonamides, quinolones, and rifamp "
Drugs that bind to the bacterial ribosome (aminoglycosides i
phenicol, macrolides, lincosamides, streptogramins, and teir ’
are also susceptible to alteration of the receptor on the "me:5
tibiotics may be extruded actively once entry to the cell i _ad‘l’ -
in the case of macrolides, lincosamides, streptogramins, quinci®
oxazolidinones, and tetracyclines. at: can be
Cephalosporin resistance among Gram-negative bacilli can ihe
result of induction of chromosomal B-lactamases after Q‘Pm::dlincf-
antibiotic. The extended-spectrum cephalosporins are “_"'.j 1ate 10
fective when bacteria such as enteric Gram-negative bacill mi']bleﬂ"
constitutively produce a B-lactamase that is normally an mduﬂwm]
zyme. Although resistance to cephalosporins can oceuf !
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mechanisms, the appearance of chromosomally mediated B-lactamases
has been identified as a consequence of the use of third-generation
aphalosporins, Resistance rates decline when use is restricted. The in-
duction of an extended-spectrum B-lactamase (ESBL) in Klebsiella by
celtazidime was first reported approximately 20 years ago, but more
than 200 mutations have now been described in several species of
Gram-negative bacteria, The mutant bacteria develop resistance rapidly
not only to all cephalosporins but to entire other classes of B-lactam
antibiotics. It is therefore justifiable to restrict the use of ceftazidime,
aspecially in institutions grappling with an ESBL-producing bacterium.
The carbapenems generally retain useful microbicidal activity against
ESBL-producing strains. Increasingly, Pseudomonas aeruginosa pro-
duces beta-lactamases of the ampC type.

Quinolone resistance, which is increasing rapidly, is for the most
part chromosomally mediated, primarily by changes in the target
sites for the antibiotic (DNA gyrase or topoisomerase IV). Changes
in permeability or efflux may sometimes cause resistance to quino-
lones as well, Quinolone resistance is relatively easy to induce if a
less-than-maximally effective drug is chosen for initial therapy. Re-
sistance 1o one quinolone may also increase the MIC for Ehe other
quinolones against the organism, and thus if a quinolone is used, a
highly active agent given in adequate dosage is essential,

Y ANTIBIOTIC SPECTRUM OF ACTIVITY

Susceptibility testing of specific organisms is necessary for management
of serious infections (including all nosocomial infections), Recom-
Mended agents for specific organisms are guidelines only because in
Vitro susceptibilities may not correlate with clinical efficacy, The neces-
“iry concentration of antibiotics may not be achieved'in tissue because
of underdosing or poor tissue penetration, Moreover, bacterial killing
wrrelates well with peak serum antibiotic concentrations for some
drugs (e.g., eminoglycosides) and disorders (e.g., Dbacterjal endacarditis)
U correlales better with the duration of bactericidal drug concentra-
ons for other antibiotics (e.g., B-lactam agents).

C““'WaII-Active Agents: B-lactam Antibiotics

The B-lactam antibiotic group consists of penicillins, cephalosporins,
“nobuctamns, and carbopenems, Within this group, several agents
tr Ye been combined with B-lactamase inhibitors to broaden the spec-
U and increase the efficacy of the drugs. Several subgroups of anti-

-

biotics are recognized within the group, notably §c\:'eral “generations” of
cephalosporins and penicillinase-resistant penicillins.

Penicillins

With the exception of carboxy- and ureidopenicillins, penicillins f:lo
not retain important activity against most strains of Gram-negative
bacilli. Penicillin G (parenteral) and V (oral) are useful against most
strains of aerobic and anaerobic streptococci {except for the increas-
ingly important problem of penicillin-resistant pneumococc {PRSP,
up to 40% of isolates] in bacteremia, recurrent otitis, and upper
respiratory tract infections). Penicillins also have activity against
Enterococcus faecalis (but not E. faecium), Corynebacterium diphthe-
riae, and Listeria monocytogenes. Gram-negative bacteria that are
susceptible to penicillins include Neisseria meningitidis (highly resis-
tant strains exist), some strains of Proteus mirabilis, and Pasturella
multocida. In addition to anaercbic streptococci, penicillins are effec-
tive against other anaerobes, such as Bacteroides melaninogenicus
(but not B. fragilis) and all clostridial species other than C. difficile.

The penicillinase-resistant semisynthetic penicillins include
methicillin, nafcillin, oxacillin, cloxacillin, and dicloxacillin. Although
these agents have useful activity against streptococci, C. diphtheriae,
and anaerobic streptococci, the primary use of these agents is as
therapy for sensitive strains of staphylococci. Hospitalized patients
who need empiric therapy should not be treated with these agents
because 60% of strains of S. aureus (MRSA), 90% of strains of
S. epidermidis (MRSE), and virtually all enterococcal strains are resis-
tant. However, these drugs are the treatment of choice for infections
caused by susceptible isolates of S. aureus.

Activity against Gram-negative organisms was achieved initially
by the addition of an amino group to the penicillin nucleus, thereby
creating such drugs as ampicillin and amoxicillin. These drugs retain
their antistreptococcal activity and a similar spectrum against most
other Gram-positive pathogens, including anaerobic streptococci,
but do not have appreciable activity against staphylococei. Ampicillin
is highly effective against E, faecalis, including some vancomycin-
resistant strains (VRE), but only rarely effective against E. faecium.
Useful activity remains against N. meningitidis, Moraxella catarrhalis,
community-acquired strains of E. coli and Klebsiella spp., Salmonella
and Shigella spp., and Proteus spp, Ampicillin remains reasonably
effective against community-acquired strains of Hemophilus influen-
zae, but H. influenzae is increasingly important as a nosocomial
pathogen and resistant strains are recognized.
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The carboxypenicillins (ticarcillin and carbenicillin) and urcidape-
nicillins (azlocillin, mezlocillin, and piperacillin; sometimes rc(errcd to
as acylampicillins) have enhanced activity against Gram-ncgative bac-
teria and some activity against P. aeruginosa. Urcldppcmcdlms hnvtf:_
greater intrinsic activity against Pseudomonas, but with the advent :d
B-lactamase inhibitor combination drugs none of these agents is us
widely anymore. Beta-lactamase inhibitors (sulbactam, tazobactam,
and dlavulanic acid) result in enzymatic inactivation and enhanced cf-
fectiveness of the antibacterial agent, The effectiveness of these drugs as
antibacterial agents is primarily a function of the inherent qnubact.enal
praperties of the parent compound (ampicillin < t:carq}hx} < piper-
acillin), and to a lesser extent of the effectiveness of the inhibitor (.sl.ll-
bactam ~ clavulanic acid < tazobactam). The spectrum o_t'.actlv]ty
varies as a result, and the treating clinician needs to be familiar with
each of the drugs in this class. e

All of these drugs are effective against streptococci, methicillin-
sensitive strains of S. aureus, Listeria monocytogenes, Salmonel!a.
Proteus, and Providentia spp., P. multocida, and widely effective
against anaerobes—including anaerobic cocci, B. fragilis, Bacteroi-
des and Prevotella spp., and Clostridium spp. (except for C. diffi-
cile). Piperacillin/tazobactam has the widest spectrum. of activity
against Gram-negative bacteria, and the most potency against P.
aeruginosa. Although ampicillin/sulbactam has excellent activity
against community-acquired Gram-negative bacilli, it has major
shortcomings against hospital-acquired strains of E. coli and Kleb-
siella (as many as 509 of strains may be resistant). However, sul-
bactam has useful activity against Acinetobacter spp., making am-
picillin/sulbactam an option for therapy of infections caused by
susceptible strains.

Cephalosporins

More than 20 antibiotics comprise this class of agents. The character-
istics of the drugs thus vary widely when considered individually. It
is useful to consider these drugs within four broad “generations”
whose general characteristics are similar. For example, the first-
generation agents retain useful activity against Gram-positive
organisms—whereas the second-generation agents generally lose
that activity in favor of antianaerobic activity. In contrast, the third-
generation agents generally have enhanced activity against Gram-
negative bacilli—and some have specific antipseudomonal activity.
However, most lack efficacy against Gram-positive organisms and
none is effective against anaerobic bacteria,

Cefepime, the fourth-generation cephalosporin available in the
United States, has enhanced antipseudomonal activity and has re-
gained activity against most Gram-positive cocci but not MRSA.
None of the cephalosporins, regardless of class, has clinically useful
activity against any of the enterococci. Regardless, there is sufficient
heterogeneity of spectrum (especially among the third-generation
agents) such that the clinician should be familiar with all of these
drugs. Collectively, they account for 8 majority of prescriptions for
parenteral antiblotics. Ceftriaxone, a third-gencration agent unique
in its class for excellent activity against Gram-positive organisms
and once-daily dosing, was at one time the most-prescribed inject-
able antibiotic worldwide.

First-Generation Cephalosporing

First-generation cephalosporins include cefadroxil, cefazolin,
cephalexin, cepbalothin, cephapirin, and cephradine, Parentera
agents may be used against selected community-acquired Gram-
negative infections, but they are of limited use against nosocomial
pathogens. Parenteral first-generation cephalosporins still have a
major role in surgical dprophylaxls. Oral first-generation cephalo-
sporins are used mostly for outpatient therapy of skin and soft-
tissue and urinary tract infections, Pirst-generation cephalospo-
ring are the most active of the cephalosporin classes against

staphylococci (not

methicillin-resistant strains) and g )

but they are not active against gnaerol}e§ other thap a’:‘a‘:‘;cbgi,
streptococci. Against Gram-negative bagnlh. ﬁm.ge,,emicn o ic
alosporins are active against some strains of E. coli, Kigp; Blla??{

influenzae, and P. mirabilis.

Second-Generation Cephalosporins

Second-generation cephalosporins have activity that Mmakes
useful to the abdominal surgeon, but they are in incrm;ngly Y
supply. These agents include cefaclor, cefamandole, cef, °!"
cefonicid, cefotetan (manufactured intermittently in the Unite:'
States), cefoxitin (technically a cep}aamycm). and cefuroxim‘.“!
drugs retain activity against acrol?:f gnd ana.cfobic S‘feptocoqi,b“
lose some activity against methxcnllnp-sen_smve staphylococe;, A‘f
tivity against Neisseria gonorrheae is reliable, although rey;
strains do exist. However, only cefuroxime has appreciable acri;
against Neisseria meningitidis. Activity against Gram-negative ba.
cilli is intermediate between that of the first- and third-generagio,,
agents, and thus the clinician must be familiar with the activity of
specific agents. In general, there is actlvlfy.agains_t the Enterobacy,.
riaceae except for Enterobacter but no activity against Acinetobggye,
Pseudomonas, or Stenotrophomonas. As a class, there is good actiyiyy
against E. coli and K. pneumoniae for all agents. Cefmetazole, cefy,
tetan, and cefoxitin have appreciable activity against anaerohi
Gram-negative bacilli—including Bacteroides fragilis. The spec.
trum of antianaerobic activity is a bit broader for cefoxitin com;.
pared to cefotetan. Both are more effective than clindamycin
against anaerobes, but neither is as effective as B-lactamage-
combination drugs, carbapenems, or metronidazole.

Third-Generation Cephalosporins

Rightly or wrongly, third-generation cephalosporins dominate pre-
scribing practices for parenteral antibiotics. These agents include
cefoperazone, cefotaxime, cefpodoxime, cefprozil, ceftazidime, cef-
tibuten, ceftizoxime, ceftriaxone, and lorcarbicef. They are reh-
tively resistant to B-lactamases, and therefore have an extended
spectrum of activity against Gram-negative bacilli. Despite this,
these agents lack efficacy against Gram-positive bacteria (except for
ceftriaxone) and anaerobic bacteria. Activity is reliable against
non-ESBL-producing species of Enterbacteriaceae, including En-
terobacter, Citrobacter, Providencia, and Morganella. Activity is vari-
able against Acinetobacter and the pseudomonads, with broad ac-
tivity against Aeromonas, reasonable albeit variable activity against
P. aeruginosa (cefoperazone and ceftazidime), but no activily
against S. maltophilia. Ceftriaxone and ceftazidime have activity
against Borrelia burgdorferi, the agent of Lyme disease.

Paradoxically, third-generation cephalosporins (particularly e
tazidime) have been associated with the induction of ESBLs amorg
many of the Enterobacteriaceae. Production of ESBLs was first re-
ported In strains of Klebsiella pneumoniae, but now is so well reccs”
nized that susceptible pathogens are now referred to commonly &
“inducible enteric” bacteria, The resistance induced by ESBL produ®
tion is not just against other third-generation cephalosporiné but
affects entire other classes of B-lactam antibiotics, Third-generati®”
cephalosporins, especially ceftazidime, have also been implicated (i
concert with the widespread overuse of vancomycin; see mat
following) in the emergence of VRE. Because resistance can be trar*
ferred between enterococci and staphylococci, staphylococc of "‘“'.
mediate susceptibility to glycopeptides (GISA) or resistant 10 va:;“‘o
mycin (VRSA) have now been reported, Because of the potentid
induce resistance of hospital flora, many centers no longer us¢
generation cephalosporins as ‘empiric therapy but rather e
them for directed narrow-spectrum monotherapy of known suscep”
tible organisms.
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” .Generation Cephalosporins i(nhcrcf::t in Eu;hﬂl;rr;ad-speclmm therapy may lead to superinfections
. ] . ¢.g., fungi, C. difficile, Stenatraphomonas, ot resistant enterococci).
.. considered a fourth-gencration agent because it ha : p
ocfcl’::;;:(?h vitro activity of any cephalosgporin. The 'Gramf spngﬁf:;ﬁdgzg;aﬂ;ﬁ%&i“’;u’:'.“‘dm‘;"ﬁ’W" ""’l’;‘;:'s“b‘;
. "y PP s , but is a useful drug none
b m is more brond than that of the third-generation  virwue of its long half-life and substantial P}\B——pgrmiuins once-

d’t‘ HU SP‘C ru H H
ive P s, the antipseudomonal activit exceeds that of i ; b te hi . ;
gs;,!ogp‘;":;d the Gram-positive activity is Zompamble to that d::’l‘)i'ud?smg; - al:zqun, crispenem I highly i g oxicit
&ﬂalld'm eration cephalosporin. The cxcellent safety profile of praducing chicro wcterincene and has less potential for nero(o7C ’
fst-generauon r and ) than imipcnem-cilastatin,
of 8 B Josporins is retained, an the potential for induction
he <P roduction appears to be less. In common with ail other
losp there is no meaningful activity against either en-
phe o or enteric anaerobic pathogens. Similar to the carbapen- Cell-Wall-Active Agents
0 Sime appears to be intrinsically more resistant to hydro-
elﬂ’s' :;. -Jactamases. I‘{)owevcr. ;efepime has variable activity  Lipoglycopeptides
si _sroducing bacteria. As a zwitterion, ti - -
?gaiﬂs‘ E?.BL“E?:: ra pig. itterion, tissue penetra Vancomycin is a soluble lipoglycopeptide with a complex bactericidal
fon of cefeP mechanism of action. The drug inhibits synthesis and assembly of
the second phase of cell wall peptidoglycan synthesis, and it may also
injure protoplasts by altering the permesbility of their cytoplasmic
Monobactarms membrane, There is some evidence that RNA synthesis may be im-
: paired as well. These multiple mechanisms, along with a lack of

' donobactams POSSCE only the B-lactara nucleus. The single clinically  ¢rocc.esistance with other antibiotics, may explain the historic l:r
in is rapidly

of orins

. f this class, aztreonam, has a spectrum of activi : i

sailable agent OF ¢ ey S P . Y resistance rate f m-positive bacteria. Vancomyc

1t Gram-negative bacilli (including Pseudomonas aeruginosaand b ctoricidal, buto;n(l;;ao“ %\s:iding organisms. A PAE persists for
tion of vancomycin is

,gam . P
monas but not P. cepacia or Stenotrophomonas) thatis similartothe 5010 2 hours. Unfortunately, tissue penetra

- i halosporins—with no activity against either Gram- . : it § i
{hird-generaion <p vty aga . m can limit its effectivencss.
posive organisms oF anaerobes. Aztreanam is not a potent inducer of pmg::;: ;‘l;n ;s;;:l;;gssuee;;::::s arue ;usceptible 1o vancomycin, al-
ases. Resistance to aztreonam is widespread, but the drug may though MICs for S, aureus ace increasing and may require higher doses
p B streptococci, S.

pe useful for directed therapy against known susceptible strains and o theraneutic effect. Streptococcus pyogenes, grou
be used s’a{ely‘f«;r penicillin-allergic paticnts because the incidence pncumonli,ae:(incluficing pegicilliri-‘vrespiisml‘agm suas‘:ns). and C. difficile are
of cross-reactivity is fow: also susceptible. Listeria monocytogenes. anaerobic cocci, other clos-
tridial species, and Actinomyces are usually susceptible. Most strains of
E. faccalis are inhibited (but not killed) by concentrations gttainal?le in
Carbapenems serum, but E. faecalis is increasingly resistant (o vancomycin. Resistant
X enterococci have emerged because of prolonged or indiscriminate use
Carbspenems have a five-carbon ringattached to the B-lactam nucleus. - of vancomycin (Table 1), occasioned by the ubiquity of MRSA/MRSE.
The alkyl groups are or iented in a trans-configuration rather than the  Both GISA and strains of S. aureus fully resistant to vancomycin are
ds<onfiguration characteristic of other B-lactam agents, making these  recognized, but so far only in association with prolonged (i, weeks to
drugs resistant to B-Jactamases. Four drugs (imipenem/cilastatin, me-  months) exposure to vancomycin.
rpenem, doripene, and ertapenem) are available for clinical use in Vancomycin usage is often inappropriate, and it is important for
the United States, and other agents are in clinical trials. Imipenem/cilas-  the public health that inappropriate usage should be curtailed. Bona
tatin does induce P-lactamase production, but because it is resistant  fide indications include serious infections caused by MRSA/MRSE,
itef to ESBLS the activity of the drug is undiminished and little cross-  Gram-positive infections in patients with serious penicillin allergy,
resistance develops. Cilastatin is ierelevant to the antibacterial activityof  and oral therapy (or by enema in patients with ileus) for C
imipenem/cilastatin, but it inhibits renal dihydropeptidase I, thereby  diffcile-related colitis in patients who have failed or are intolerant to
tbrogating the profound nephrotoxicity of the parent compound,
Imipenem-cilastatin, meropenem, and doripenem have the widest
antibacterial spectrum of any antibiotics, with excellent activityagainst ~ Table 1: Situations in Which Use of Vancomycin
azrobic and anaerobic streptococci, methicillin-sensitive staphylococci,  Is Discouraged
and virtually all Gram-negative bacilli except Legionella, P. cepacia, and o :
§. maltophilia. Activity against the Enterobacteriacea cxceeds that of all M Routine surgicel prophylaxis in the absence of life-threatening
anibiotics, with the possible exceptions of piperacillin/tazobactam allergy to B-lactam antibiotics o
and cefepime—and activity of meropenem against P acruginosa is ap- m Empiric therapy of febrile neutropenia in the absence of

proached only by that of amikacin. All of the carbapenems are superla- evidence for a Gram-positive infection

tive antianaerobic agents, and thus there is o reason to combine a g eonvinued empird wh 1y o

arbapenem with metronidazole except for example to treat concur- reasonable a;gr% “;ve“‘". en microblologls data suggest 4
& g 8 3

rent C. difficile colitis in a patient with a life-threatening infection that ; ) . e .
mandates continuance of the carbapenem. Other differences in spectra M Systemic or lacal (i.e. catheter flush) prophylaxis of indwelling
between imipenem-cilastatin and meropenem are trivial except that vascular catheters

imipenem is an effective drug against B faecalis (but not B. faccium). M Selective decontamination of the digestive tract

penem is ineffecti e ccl, . - - '
Mgmpcn?m and d;ﬁpi?ﬂ':::});‘;’:gt o have the same potentlal n f;ad;cution of colonization of methicillin-resistant staphylo-
wmﬂeurogoxsdty that is recognized with imipenem-cifasiatin, which is o _ .
raindicated in patients with active central nervous system disease W Primary treatment of antlbiotic-associated colitis due to
Clostridium difficile _

:::;’;W (excepting the spinal cord) because of the rare (~0.596) ap- S . .
ce of myoclonus or generalized sejzures in patients who have M Routine prophylaxis for patients on hemodialysis or continuous

ecxived doses of more than 3 g/day (with normal renal function) or ambulatory peritoneal dialysis

ko have nof had dosa i i i i
. ge reductions in the setting of renal insufficiency, onieal trrl Hop
ith both drugs, the widespread dissuption of the host microbial ﬂo?; 1 Use for top! Lid son or spplicatih
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metronidazole. Parenteral vancomycin is now usually adn}mustercd ln)n
a dose of 15 mg/kg actual body weight q1zh. The infusion must be
performed over the course of at least 1 hour. The dose must be re-
duced in renal failure, and monitoring of serum concentrations may
be helpful in that circumstance, New high-flux hemodialysis m:n;—
branes dialyze vancomycin partially, and a 500-mg dose should be
given after cach dialysis. .

Dalbavancin is a second-generation lipoglycopeptide agent ﬁ}at
has a mechanism of action similar to vancomycin, resultmg_m dis-
ruption of the bacterial cell wall. Advantages of dalbavancin over
vancomycin include a long elimination half-life in human beings,
which makes once-weekly dosing feasible. For example, a phase III
randomized trial demonstrated that two doses of dalbavancin (1 g
initially, followed by 500 mg 7 days later) in complicated skin infec-
tions can take the place of other antibiotics requiring up to 28 sk.:ses.
An additional possible advantage is that dalbavancin is bactericidal,
whereas vancomycin is bacteriostatic, against most Gram-positive
cocxi.

Cyclic Lipopeptides

Daptomycin is a cyclic lipopeptide antibiotic with potent bactericidal
activity against most gram-positive organisms, including MDR
strains. The unique structure of daptomycin consists of a 13-member
amino acid cyclic lipopeptide with a decanoyl side chain, This dis-
tinctive structure confers a novel mechanism of action, believed to
involve insertion of the lipophilic daptomycin tail into the bacterial
cell membrane—causing rapid membrane depolarization and a po-
tassium jon efflux. This is followed by arrest of DNA, RNA, and
protein synthesis, resulting in bacterial cell death. The bactericidal
effect of daptomycin is rapid, with greater than 99.9% of both MRSA
and MSSA bacteria dead in less than 1 hour without appreciable
bacterial cell lysis.

Daptomycin is effective in a concentration-dependent manner,
has a long half-life (8 hours), and demonstrates a prolonged PAE (up
to 6.8 hours). Once-daily dosing of daptomycin results in Jinear PK
with minimal drug accumulation. A dosing regimen of 4 mg/kg once
daily is recommended for complicated skin/skin structure infections
(cSSS1). Daptomycin is excreted renally. Therefore, the dosing inter-
val should be increased to every 48 hours in patients with a creatinine
clearance of less than 30 ml/min, Because of daptomycin's unique
mechanism of action and because it is not metabolized by cyto-
chrome p450 or other hepatic enzymes, no antagonistic drug interac-
tions have been observed.

In vitro potency of daptomycin has been demonstrated against
many aerohic and anaercbic Gram-positive bacteria, including
MDR strains, Daptomycin’s spectrum of activity encompasses dif-
ficult-to-treat antibiotic-resistant Gram-positive cocci, including
MRSA and VRE. Daptomycin demonstrates activity against
vancomycin-resistant S, gureus, as well as against linezolid- and
quinupristin/dalfopristin-resistant S. aureus and E. faecium, Pur-
thermore, daptomyrin is also effective against a variety of strepto-
cocci—including S, pyogenes (group A) and S, agalactiae (group B)
as well as other Strepfococcus spp.—and against a variety of anaero-
bic species, including Peptostreptococcus spp., C. Pperfringens, and
C. difficile. Daptomycin's efficacy is enhanced by the near absence
thus far of antibiotic resistance, a5 verified by both in vitro and
clinical studies, No transferable elements conferring daptomycin
resistance have been isolated to date,

Daptomycin has been approved in the United States for the
treatment of cSSSI associated with S. aureus (both MSSA and
MRSA), S, Pyogenes, 5. agalactiae, S. dysgalactige subsp, equisimilis,
and E. faecalis (vancomycin-susceptible only) and for bacteremia
caused by susceptible pathogens. Importantly, daptomycin must
not be used for the treatment of pneumonia or empiric thera
when pneumonia is in the differential diagnosis (even when
caused by a susceptible organism) because daptomycin penetrates
lung tissue poorly and is inactivated by pulmonary surfactant,

B SROTEIN SYNTHESIS INHIBITORS

of antibiotics, although dissimilar strucy,, -
. idely divergent spectra of activity, exert their angp, .,
I;;z::sg x::dtiz similar mechanism of l?lndlf\g to bacterial ﬁbauem
to inhibit protein synthesis. This classification is valuable m&cl\am-“
tically and serves 1o link several classes of antibiotics tonteptu“&
that have few clinically useful members. aly

Scveral classes

Amlnoglycosides

atation as toxic agents that have been superceded
avzittill;izgcl:, it is ironic that the resurgence of aminoglycoside ur‘*tr
occurred as resistance to these newer antibiotics (especiafy thirg.
generation cephalosporins and quinolones) has developed, Amminggy,
cosides exert their microbxcndal. activity by bm.dmg to the bactyiy
305 ribosomal subunit, thereby inhibiting protein synthesis, wyy, the
exception of slightly better activify against Gram-posmye c0cei pos.
sessed by gentamicin, the spectrum of activity for the various agensiy
nearly identical. Differences among the agents arebased on dj
in toxicity, and efficacy is based on local resistance patterns, Gentzpy;,
cin, tobramycin, and amikacin are still used frequently. Netilmycinj;
comparable in toxicity, but seldom used. Neomycin and kanamycinm
quite toxic, and are now used only topically. Streptomyrin is also gy,
toxic, but is still used in regimens for antimycobacterial therapy,

Nevertheless, the potential toxicity is real and aminoglycoside.
are seldom first-line therapy anymore except in a synergistic combi.
nation to treat a serious Pseudomonas infection, enterococcal endo-
carditis, or an infection caused by a MDR Gram-negative bacillus. As
sccond-line therapy, these drugs are efficacious against the Enterp-
bacteriaceae, M. catarrhalis, H. influenzae, Salmonella spp., and §h-
gella spp. Notably, there is somewhat less activity against Acineto-
bacter, and limited activity against P. cepacia, Aeromonas spp,
S. maltophilia, and anaerobic organisms.

Aminoglycosides kill bacteria most effectively when the pesk
concentra:lion of antibiotic is high, Therefore, a loading dose is nec-
essary and serum drug concentration monitoring is often per-
formed. Synergistic therapy with a B-lactam agentgis theomigﬂv
effective because damage to the bacterial cell wall caused by the
B-lactam drug enhances intracellular penetration of the aminogly-
coside. However, evidence of improved clinical outcomes is scant.
Serious infections require 5 mg/kg/day of gentamicin or tobramytis
after a 2-mg/kg loading dose, or 15 mg/kg day of amikacin after2
loading dase of 7.5 mg/kg. Clearance and volume of distributionare
variable and unpredictable in critically ill patients, and doses thal
are higher still are sometimes necessary (e.g., burn patients). High
doses (eg., gentamicin 7 mg/kg/day) administered as part of 3
single-daily-dose protocol can obviate these problems in
patients, Marked dosage reductions are necessary in renal fall%

but the drugs are dialyzed and a maintenance dose should be g
after each hemodialysis treatment,

Tetracyclines

Tetracyclines bind irreversibly to the 308 ribosomal subunit, but®”

like aminoglycosides are bacteriostatic agents. Widesp

limits their utility in the hospital setting (with two exceptionsh but

are still prescribed as oral agents, Short-acting oral tetracfe™
include oxytetracycli o acycline HOS. I ate-sc0%8
onl ansytetracycline and tetracycline HCl. Intermed!

gents of this class include demeclocycline. whereas those vilh?
long halt.ife i e demedlocycline,
i ge and m?nmclude the semisynthetic lipophilic congenefs “°

1ne ar ocycline, Most pneumococci and H, influenzt®
hibited by achievable concentrations in serum. Thus,

clines may be used f oy
i or man inusitls and 7.
exacerbations of chyro, agement of sinu N8

caronic bronchitis, Gonococci and meniE’
are quite susceptible, Unfortunately, penicillin-resistant gono@“’

the lem‘»{:




endals010 be resistant to tetracycline. Qutpatient urinary isolates of

coli can be treated with tetracyclines, as can most infections caused
by Vibrio Spp- Most recently, doxycycline has been used with some
suceess 3gainst VRE. ;

Tetracyclines are active against anaerobic pathogens. Actinomyces
canbe treated successfully. Doxycycline has activity against B, Jragilis,
put is it seldom used for the purpose. Many spirochetes are suscep-
ible, including the Lyme d:sgase pathogen Borrelia burgdorferi, The
Jrugs can be used against ricckettsiae, Chlamydophila spp., myco-

jasmas, and to some extent protozoa (Entamocba histolytica),

Tigecycline is & novel glycycline antibiotic derived from minocy-
dine. The drug s.h:lres with other tetracyclines its bacteriostatic
mechanism of action and toxicities, including the contraindicated
administration to children under the age of 8 Yyears owing to dental
oxicity. With th.c major exception of Pseudonmonas spp., the spec-
yrum of activity is broad—including many MDR Gram-positive and
Gram-negative bacteria. Tigecycline is able to overcome typical bac-
rerial resistance to tetracyclines because of modification at position
9 of its core structure. This enables it to bind to the bacterial 308
ribosomal unit with greater affinity than earlier-generation tetracy-
clines. The modification at position 9 provides additional steric
hindrance, giving ti.gccycline a broader spectrum of activity than
traditional tetracyclines. In vitro Gram-positive activity is directed
against streptococci (including anaerobic species), staphylococei (in-
cuding methicillin- and fully vancomycin-resistant strains),
and enterococci (including VRE, E. avium, E. casseliflavus, and
E gallinarum). Activity against Gram-negative bacilli is directed
against Enterobacteriaceae (including ESBL-producing strains),
P, multocida, A. hydrophila, S. maltophila, E. aerogenes, and Acineto-
bacter spp. Activity against anaerobic bacteria is excellent.

Tigecycline has been approved in the United States for treatment
of c§551 and complicated intraabdominal infection caused by sus-
ceptible organisms. As clinical experience accrues, the utility of tige-
cycline for therapy of MDR organisms will become clear.

Oxazolidinones

Oxzazolidinones bind to the 50S subunit of the prokaryotic ribosome,
preventing it from complexing with the 30S subunit, mRNA initiation
factors, and formylmethionyl-tRNA. The net result is to block assembly
of a functional initiation complex for protein synthesis, thereby pre-
venting translation of mRNA. This mode of action differs from that of
existing protein synthesis inhibitors such as chloramphenicol, macro-
lides, lincosamides, and tetracyclines—which allow mRNA translation
to begin but then inhibit peptide elongation. This difference may seem
trivial, but is important in two respects, First, linezolid (the first oxa-
wlidinone to be marketed) appears to be particularly effective in pre-
venting the synthesis of staphylococeal and streptococeal virulence
factors (e.g., coagulase, hemolysins, and protein A). Second, hI:ICZO]ld
has a target that does not overlap with those of existing protein syn-
thesis inhibitors, Consequently, its activity is unaffected by t.he _rRNA
methylases that modify the 235 rRNA so as to block the binding of
macrolides, clindamycin, and group B streptogramins. Preventing
the initiation of protein synthesis is no more inh'ercntl_y ]et_ha! than
prevention of peptide elongation. Consequently, hnezohd‘(slmﬂlar to
dﬂnramphenicol, clindamycin, macrolides, and tet(acy-c}tne?) is es-
sentially bacteriostatic. The only protein synthesis inhibitors to
achieve strong bactericidal activity are the aminaglycosides, Whl.Ch
@use misreading of mRNA—Ileading to the manufacture of defective
proteins that, among other effects, destebilize the membrane struc-
ture and canse leakage of cell content. The ribosomes of E. coli are as
susceptible to linezolid as those of Gram-positive cocci. However,
#ith minor exceptions Gram-negative bacteria are oxazolidinone-
esistant—apparently because oxazolidinones are excreted by endog-
tnous efflux pumps.

Linezolid s equally active against me
“restilant staphylococci; against vancomycin

thicillin-susceptible anq
-susceptible enterococct
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and those with VanA, VanB, or VanC resistance determinants (VRE);

apd agamnst pneumococci with susceptibility or resistance to penicil-
Ifns or macrolides. Most Gram-negative organisms are resistant (o
linezolid, but susceplibility is observed for many Bacteroides spp.,
M. catarrhalis, and Pasteurella spp.

Linezolid exhibits excellent tissue penetration, and dots not re-
quire a dosage reduction in renal insufficiency. Some class 11 and
class TII evidence suggests that linezolid may produce better out-
comes compared with vancomycin for hospital-acquired pneumonia
and cSSS1. Confirmation of these observations is required for line-
zolid to supplant vancomycin definitively as first-line therapy for
serious infections caused by Gram-positive cocci.

Chloramphenicol

Chloramphenicol is a bacteriostatic agent that binds to the 508 ribo-
somal subunit. The drug has limited activity against the Enterobacte-
riaceae but remains effective against Salmonella/Shigella spp., includ-
ing S. typhimurium, Chloramphenicol retains useful activity against
most anaerobic organisms except for C. difficile. A resurgence in the
use of chloramphenicol was occasioned by the emergence of VRE,
but newer agents have supplanted that usage. Chloramphenical pen-
etrates well into cerebrospinal fluid, and receives occasional usage
for meningitis—especially when caused by H. influenzae. The bone
marrow toxicity of chloramphenicol is feared, but rare in actuality.
Reversible dose-related bone marrow toxicity is more common than
aplastic anemia, which occurs in only about 1/25,000 courses of
therapy. It is one of only a few antibiotics that require a dosage reduc-
tion in liver disease (Table 2) but not in renal insufficiency.

The Macrolide-Lincosamide-Streptogramin
Family

Clindamycin

The lincosamide antibiotics in clinical use include lincomycin and
clindamycin, but lincomycin is no longer widely available. Clindamy-
cin also binds to the 505 ribosome and has good antianaerobic activ-
ity (although B. fragilis resistance is increasing), but in contrast to
chloramphenicol it is devoid of activity against Gram-negative or-
ganisms while possessing reasonably good activity against Gram-
positive cocci. Clindamycin is used occasionally for anaerobic infec-
tions, and it is a preferred choice to vancomycin for prophylaxis of
clean surgical cases in penicillin-allergic patients (where the primary
concern is the prevention of Gram-positive surgical site infections).
Because clindamyein inhibits production of exotoxins in vitro, it has
been advocated in preference to penicillin as first-line therapy of

Table 2: Antimicrobials Requiring Dosage Reduction
in Hepatic Disease

Aztreonam d
Cefoperazone
Chloramphenicol
Clindamycin
Erythromycin

Isoniazid

Metronidazole

Nafcillin
Quinupristin/dalfopristin
Rifampin

Tigecycline
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taphylococcal carrier state (includip

the a; \ gﬂhritis or ostcomyelitis, synergis%i?:ﬁé’f,;’;}"{‘i‘.ml’hﬂq-
Jiseases brucellosis, and stgphqucoccal prosthetic dcvim%'ornn?:res
gynergistic therapy with rifsmpin and . nfections,
r MRSA endocarditis, and there are ng ¢

therapy’ for ot.her MltISA ingections.

Rifampin is a potent inducer of the hepatic m

 Reduced oralbioavalabilty and decreased spu o SRV
for a number of drugs, including barbiturates, benzod; 3 lfg oc-
o chamelHockry Gl g T
wtrogens, fluconazole, haloperidol, histamine Hz'““‘“zom'sgs igitalis,
rolol, phenytoin, prednisone, propranolol, quinidine, , Mmeto-

end warfarin (Table 3). theophylline,
B cYTOTOXIC ANTIBIOTICS o
Metronidazole

Metronidazole is active against nearly all anaerobic infections, and
ggainst many protozoa that are human parasites. Against al'laer-
abes, metron.xd.azole has the best bactericidal activity of all-—
including activity against B, fragilis, Prevotella spp., Clostridium
spp. (including C. difficile), and anaerobic éocei. The most notable
exception to the antianaerobic efficacy of metronidazole s a lack
of activity in actinomycosis. Potent bactericidal activity is charac-
terized by killing often at the same concentration required for in-
hibition. Resistance has been reported, but it remains rare and of
negligible clinical significance. Also sensitive are Campylobacter
fetus, Gardnerella vaginalis, H. pylori, Giardia lamblia, Trichomanas
vaginalis, and E. histolytica.

Metronidazole causes DNA damage after intracellular reduction
ofthe nitro group of the drug. Acting as a preferential electron accep-
tor, it is reduced by low-redox potential electron transport
proteins—decreasing the intracellular concentration of the un-
changed drug and maintaining a transmembrane gradient that fa-
vors uptake of additional drug. Toxicity is mediated directly by short-
lived intermediate compounds or free radicals.

The drug diffuses well into nearly all tissues, including the central
nervous system—thus making it an effective agent for deep-seated
infections, even against bacteria that are not multiplying rapidly.
Absorption after oral or rectal administration is rapid and nearly
womplete. Historically, a loading dose of 15 mg/kg followed by
1.5 mg/kg every 6 hours by intravenous administration was recom-
mended. However, the loading dose was scldom administered in
practice, This short dosing interval is also difficult to reconcile con-
éidering that the half-life of the drug is 8 hours owing to the produc-

Table 3; Antimicroblal Interactions with Oral
Anticoagulants

Potentlated Effect of Oral Anticoagulants
E;Pralmporim

Chloramphenical

omycin

Fluoroquinolones

nidazole

Sulfonamides

Trimethoprim/sulfamethoxazole
ﬁtﬁﬂuated Effect of Oral Anticoagulants
Maleiliy

Rifempin
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:i:’;li ‘;:'fzztll a'div; hydroxy :'nclabolilc. Increasingly, intravenous met-
¢ is administerc 8- in it

active messa ¥ every 8-12 hours in recognition of the
. No dosage reduction is required for patients with senal insuffy.
clency, but the drug is dialyzed effectively and administration should
be timed to follow dialysis if twice-daily dosing is used. PK studies of
Patients with hepatic impairment performed at higher doses indi-
cated that dosage reduction of 50% was necessary, but this is proba-
bly not the case when twice-daily dosing is used.

Trimethoprim-Sulfamethoxazole

Sulfenamides exert bacteriostatic activity by interfering with bacterial
folic acid synthesis, a necessary preliminary step in purine synthesis and
ultimately in DNA synthesis. Resistance is widespread, and the agents
are seldom used for infections other than of the urinary tract. The ad-
dition of sulfamethoxazole to trimethoprim, which prevents the con-
version of dihydrofolic acid to tetrahydrofolic acid by the action of di-
hydrofolate reductase (downstream from the action of sulfonamides),
accentuates the inherent bactericidal effects of trimethoprim.

Trimethoprim-sulfamethoxazole (TMP-SMX) is active in vitro
against . aureus, S. pyogenes, S. pneumoniae, E. coli, P, mirabilis, Saltno-
nella, Shigella spp., Pseudomonas spp. (but not P. aeruginosa), Yersinia
enterocolitica, S, maltophilia, L. monocytogenes, and Pneumocystis carini.
The combination is useful in urinary tract infections, acute exacerba-
tions of chronic bronchitis, and Preumaocystis infections in immuno-
compromised patients, and is the treatment of choice for infections
caused by S. maltophilin. The drug may be used as a second-line therapy
for many other infections caused by susceptible organisms because tis-
sue penetration is generally excellent.

A fixed-dose combination of TMP-SMX of 1:5 is available for par-
enteral administration. The standard oral formulation is 80:400 mg,
but lesser- and greater-strength tablets are available. Oral absorption is
rapid and bioavailability is nearly 100%. Ten ml of the parenteral for-
mulation contains 160:300 mg drug. Full doses (1530 mg/kg TMP in
three to four divided doses) may be given as long as the creatinine
clearance is greater than 30 ml/minute, but the drug is not recom-
mended when the creatinine clearance is less than 15 m/min.

1 ANTIBIOTIC TOXICITIES

Beta-Lactam Allergy

Allergic reaction, although less common than generally believed, is the
most common toxicity of B-lactam antibiotics, The incidence is ap-
proximately 7-40/1000 treatment courses of penicillin. Reactions of
four distinct types are recognized, but certain reactions are not easily
classified. Immediate hypersensitivity reactions occur because of an
interaction with preformed B-lactam-specific IgE antibodies bound to
mast cells or circulating basophils via high-affinity receptors, Cytotoxic
antibody reactions occur when B-lactam-specific IgG (usuatly) or IgM
antibodies bind to red bleod cells or renal interstitial cells that have
bound to antigen, resulting in'complement-dependent cell lysis.
Complement-independent toxicity may result from binding to neu-

trophil or macrophage cell membranes. Examples include leukopenia,
thrombocytopenia, hemolytic anemia, and interstitial nephritis. Im-
mune complex (Arthus) reactions occur when circulating antigen-
antibody (IgG, IgM) complexes fix complement and lodge in various
tissue sites, causing serum-sickness-like reactions and possibly drug
fever. The onset of these reactions is usually 7-14 days after therapy
has begun, even if drug has already been stopped. In cell-mediated
hypersensitivity, B-lactam antigen-specific T-cell receptors bind the
antigen—causing cytakine release and lymphocyte proliferation. Con-
tact dermatitis is the usual manifestation, Certain reactions do not fall
under these classifications, inctuding pruritis, maculopapular reactions,
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erythema multiforme, crythema nodosum, photosensitivity, and
exfoliative dermatitis.

The immunochemistry of penicillin reactions has been w.ell de-
fined. Penicillin binds with tissue proteins to produce multivalent
hapten-protein complexes, which are required for inductin_n o_f im-
munity. The most common hapten form of penicillin in vivo is the
penicilloy] derivative, which is called the major determinant, Acceler-
ated (1-72 hours) and late reactions are usually in responsc to the
major determinant. Small quantities of other minor determinants
may be formed by metabolic activity, and these induce a variable
response. Anaphylactic reactions are usually in response to a minor
determinant.

Parenteral therapy causes more dlinical allergic reactions, but this is
a function of the dose administered. Most serious reactions occur in
patients with no history of an allergic reaction, simply because a history
of penicillin allergy is ofien sought specifically. Patients with a prior
reaction have a four- to sixfold increased risk of another reaction com-
pared to the general population. However, this risk decreases with
time—~from 80963096 skin test reactivity at 2 months to 20% reactivity
at 10 years. An estimated 59%~20% of patients give a history of penicillin
allergy. The risk of cross-reactivity between penicillins and cephalospo-
rins is 5%-10%, being higher for first-generation agents. There is a low
incidence of cross-reactivity between carbapenems and penicillins, but
negligible cross-reactivity 10 monobactams,

“Red Man” Syndrome

Tingling and flushing of the face, neck, or thorax may occur with
parenteral vancomycin therapy. However, these symptoms are less
common than fever, rigors, or local phlebitis. Although it is a hyper-
sensitivity reaction, it is not an allergic phenomenon owing to the
clear association with tco-rapid infusion of the drug (which can also
cause hypotension)—particularly of the now-common 1-g dose.
Parenteral vancomycin should be administered over a 1-hour period.
The cause is believed to be histamine release due to local hyperosmo-
lality rather than an allergic reaction. A maculopapular rash due to
hypersensitivity does accur in about 59 of patients. It may persist for
weeks after the drug is discontinued in patients with renal failure.

Nephrotoxicity
Aminoglycosides

The inherent potentiel of aminoglycosides for nephrotoxicity is re-
lated to the degree of positive electrical charge at physiologic pH.
There is little if any clinical difference among commonly used agenis
in terms of potential nephrotoxicity. Aminoglycosides do not pro-
voke inflammation, and thus there are no allergic components o this
or any other manifestation of aminoglycoside toxicity,

The mechsnisms of clinical toxicity relate to ischemin and to
toxicity to of renal proximal tubular cell (PTC), Aminaglycosides
cause afferent arteriolar vasoconstrictlon, Thus, ischemin js g promi-
nent component of the response, Aminoglycasides bind to the brush
border. membrnpe of PTC after glomerular filtration, leading to en-
Zymuria, excretion of calcium and magnesium, and internalization
by pinocytosis. The consequence Is perturbation of the phosphatidyl
inositol “middle messenger” system, with membrane da

i mage and
increased excretion of membrane phospholipids, Subsequentl)sr, there
Is rapid perinuclear localization of drug—with disturbed protein

synthesis and mitochondrial respiration. Ultimatel , the injury i
manifested by necrosis of the PTC, reduction of the glomeru’ll;:yﬁ;f
tration rate (GFR), and decreased creatinine clearance, Postulated
mechanisms of reduced GFR include release of vasoconstrictive hor-
mones, transepithelial back-leak of toxins,

abstruction b i
cellular debris, or 4 change in glomerular fenestrae and Je'ﬁf::é'f
tratlon coefficient.

is actually relatively resistant to injury, which ig
rev;rr:i;}f ﬁ :enmlly takes several days of therapy o indyce a ditng'!
i t injury. Lo
mu{;;‘;f ‘:Jr::il::ms, de}:rclop a non-oliguric decrease in crgyy ine
clearance. Progression to dialysis dependence is rare. Aming,
side nephrotoxicity is acccptuawq by frequent dosing, ofqe, oy
sodium and volume deple.non. acidemia, hYPokalenu.a, h \
nesemia, coexistent liver disease, and other nephrotoric dm&,_-ni
risk of injury is ameliorated by single-daily-dose therapy, 1
function deteriorates, it is advisable to dlscfmtm!.\e lherapy‘ e
essary (i.e., life-threatening Psendomonas infection), lherapy may
be continued.

Yancomycin

Vancomycin nephrotoxicity is less common than previously, py.
tiple courses of therapy, administration of very hlg_h doses (syb,.
stantial dosage reductions are necessary in renal Insufficiency),
and concurrent administration of aminoglycosides are known g,
factors for toxicity.

Ototoxicity

Aminoglycosides

Aminoglycosides can cause cochlear and vestibular toxicity. Gtotoy.
icity is usually irreversible, and may develop after the cessation of
therapy. Repeated exposures create cumulative risk. Most patients
develop cochlear toxicity or a vestibular lesion. Rarely are both o
gans injured. Cochlear toxicity can be a subtle diagnosis to make
because baseline audiograms are virtually never available and formal
screening programs are undertaken seldom, Few patients complzin
of hearing loss, yet when sought the incidence of cochlear toxiciy
may be more than 60%. Clinical hearing loss may occur in 5%-15%
of patients, ’

The outer hair cells of the basal turn of the cochlea, where
high-frequency detection is located, are most susceptible to ami-
noglycosides. Amikacin and netilmicin are less ototoxic than gen-
tamicin and streptomycin, and tobramycin is intermediate in tox-
icity. Neomycin is extremely ototoxic, and caution must be used
when the drug is administered topically or orally to patients with
renal insufficiency. Risk factors include treatment duration, high
serum drug concentrations, a large cumulative dose, concomitant
Ototoxic drug therapy (especially vancomycin or furosemide), by-
povolemin, and renal or liver disease. Cochlear injury may be
unilateral or bilateral, and may occur days to weeks after termina-
tion of therapy. There is no apparent correlation with the develop-
ment of nephrotoxicity.

The target of vestibular toxicity is the type 1 hair cel of
the sumniit of the ampullar cristae. The true incidence of vestibu-
lar toxicity hus been impossible to determine, but the best estimst¢
Is al_)o'ul 5%. Whether different agents have different potﬂ}“"
for injury is unknown. Patients can suffer considerable inju
before the onset of symploms, owing to the compenssto
contribution of visual and proprioceptive cues (symptos
may therefore be worse at night), Complaints of nausea, vomiting

and vertigo are most common—and patients moy eV
nystagmus,

Vancomycin

Ototaxicity caused directly by vancomycin is accepted as fich
poorly dqcumemed in theylite);ature. Heyaring loss a't)trib\l“d to vl
comyecin is better described ag neurotaxicity, manifesting 95 auditorf
nerve damage, tinnitus, and loss of acuity for high-frequency 2%
Particular caution must be exercised with concurrent administré ide
of uther Otatoxic drugs, especially aminoglycosides and furose™™

ecause synergistic injury is possible,



Metronidazole Toxicity

Metranidazole is generally well tolersted. Minog adverse reactions jn-

clude ysnc!imestinal upsct and metallic taste, which someti .
sitate stopping the drug, Discolored urine, tash, urticarr!;:: l\Trzzsl:‘r:?;;
vaginal burning, gynecomastia, and reversible neutcopenia have also
been noted. Rare but serious adverse Neurologic reactions include sej.
yures, encephaloputhy, ataxia, and peripheral neuropathy. Other rare
but potentially serious reactions include disulfirarn-like teactions in
the presence of almhql. potentiation of warlarin effect (see Table 2)
C. difficile-associated discase (despite its therapeutic efficacy), and acute

atitis. Sugggst.lons of mutagenicity from in vitro studies have not
been borne out clinically, but the drug crosses the placenta readily and
should be used in pregnancy only when necessary,

Quinolone Toxicity

Quinolones are generally well tolerated. For the most part, adverse
effects increase with higher doses and prolonged therapy. Gastroin-
testinal side effects are common (up to 13%), and C. difficile-related
disease has been reported.

Adverse central nervous system effects are also common (up to 796).
Headache and dizziness predominate, followed by insomnia and mood
giteration. Hallucinations, delirium, and seizures are rare, Allergic and
skin reactions occur in up to 236 of patients. Phototoxicity after expo-
sure to ultraviolet A light (sunlight is sufficient exposure) occurs in
same patients. Anaphylactoid reactions are rare. Arthopathy and tendi-
nitis, reversible bone marrow depression, leukopenia, and hemolytic
anemia have been reported. Rare but important is prolongation of the
dectrocardiogram Qtc interval, which may precipitate the dangerous
ventricular dysthythmia torsades de pointes.

Tetracycline Toxicity

Hypersensitivity reactions to tetracyclines can manifest as anaphy-
laxis, fized drug eruptions, or morbilliform reactions. Allergy to one
sgent in the class indicates allergy to all. Photosensitivity is most
common with demeclocycline, but can occur with any of the drugs.
It appears 10 be a toxic reaction rather than an allergic one.

Permanent gray-brown discoloration of the teeth of children repre-
sents toxicity to the tooth enamel, Therefore, it is important not to ad-
minister any tetracycline to pregnant women or children up to the age
of eight unless elternative theraples for g serlous illness are more toxic
(i, Rocky Mountain spotted fever), Depression of skeletal growth has
been reported in premature infants exposed to tetracycline,

Gastrointestinal toxicities are common. Nausea, vomiting, and
eplgastric pain are dose related, Administration with food can reduce
the symptoms but seriously reduces the bioavailability of the drug.
Clastridium difficile superinfection has been reported.

Symptoms of renal failure can be aggravated by azotemia related
W disrupted amino acid metabolism, Nephrogenic diabetes insipidus
i caused by demeclocycline, which fact has been taken advantage of
linically in the management of chronic inapprapriate antidiuretic

secretion,

Trimethoprim-Sulfamethoxazole Toxicity

The taxicity symptoms of TMP-SMX include all of those characteris-
e of sulfonamides, including nausea, vomiting, diarrhes, anorexis,
"?d hYPmemitivily reactions. Skin eruptions are common in patients
with the acquired immunodeficiency syndrome, and transient diffuse
\monary infiltrates and hypotension have been described upon re-
challenge in such patlents, Prolonged administration may disrupt fo-
ke molsbolism in patlonts (megaloblastic anemia, hyperseg-
ieated nautrophls, leukapenis, thrombocytopenis). Administration
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of folinic acid is protective. Clostridium difficile-related discase has
been reported. Dose-related reversible increases in serum creatinine
concentration have been reported, especially with concomitant cyclo-
sporine: administration—as have drug-induced hepatitis and cho-
lestasis. Phenytoin concentrations increase markedly during therapy.
Elderly patients are more susceptible to toxicity, especially in the
presence of hepatic or renal dysfunction. The parenteral formutation
contains metabisulfites, to which some people are allergic. Allergy to
sulfites has a higher incidence in asthmatic patients,

¥ AVOIDING TOXICITY

Adjustment of Antibiotic Therapy in Hepatic
Insufficiency

The liver is crucial for metabolist and elimination of drugs that
are too lipophilic for renal excretion. This metabolism is carried
out by several different sets of enzymes. For example, the cyto-
chromes Py, (a gene superfamily consisting of more than 300
different enzymes) carry out oxidative reactions that convert lipo-
philic compounds to water-soluble products. Other enzymes con-
vert drugs or metabolites by conjugating them with sugars, amino
acids, sulfates, or acetate to facilitate biliary or renal excretion—
whereas enzymes such as esterases and hydrolases act by other
distinct mechanisms. Many of these functions are disrupted when
liver function is impaired.

The clinical problem of drug dosing is compticated by several fac-
tors. The wide variability of severity of injury, the insesitivity for clini-
cal assessments of liver function to quantify the degree of impairment,
the fact that few if any hepatic clearance functions are performed at
100% capacity, and changing metabolism as the degree of impairment
fluctuates (e.g., resolving cholestasis) must all be considered. Changes
in renal function that develop as the liver becomes progressively im-
paired must also be taken into account, Renal blood flow is decreased in
cirrhosis, and glomerular filtration is decreased in cirrhosis with ascites.
Clinical studies indicate that adverse drug reactions are more frequent
in. patients with circhosis than in patients with other forms of liver
disease or with renal disease.

Liver disease has the greatest effect on those drugs that undergo
extensive oxidative metabolism. With such a multiplicity of factors in-
valved, it is difficult to predict the effect of disease on drug disposition
in individual patients, There is no useful clinically available test of liver
function that can be used as a guide to dosage, such as glomerular filtra-
tion rate in the case of renal failure, A general rule is that dosage reduc-
tion should be up to 25% of the usual dose if hepatic metabolism is
40% or less and renal function is normal, the drug is given acutely, and
has a large therapeutic index (see Table 2). Greater dosage reductions
{up to 5096) are advisable if the drug is administered chronically, there
is 2 narrow therapeutic index, protein binding is significantly reduced,
or the drug is excreted renally and renal function is severely impaired.
In circumstances where renally excreted therapeutic substitutes exist for
patients with liver disease, such drugs should be used.

Adjustment of Antibiotic Therapy in Renal
lqsuﬁiclency

Drug elimination by the kidneys depends on the GFR, tubular secre-
tion, and reabsorption. Renal dysfunction may alter any or all of these
parameters, which in turn may be influenced by nonrenal organ dys-
function. Different types of renal disease, or acute versus chronic renal
fatlure, may result in different drug clearance rates among patients with
the same GFR. The management of antibiotics in renal failure must be
individualized because most antibiotics are excreted via the kidneys.
Relatively precise estimates of remal function are especially important in
patients with impaired renal funclion who have not yet come to dialysis
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Tabte 4: Dosing of Selected Parenteral Antibiotics

Applied After Dialysis

Antibiotic Dose

Amikacin 2.5-3.75 mg/kg
Ampicillin lg

-Adlocillin 3g

Aztreonam 0.125g

Cefamandole 05-1g

Cefepime 05¢g

 Cefoxitin lg

Ceftazidime lg

Ceftizoxime 1-3.g

_Cefuroxime ' 0758

Chloramphenicol 18

Gentamicin 1.0-1.7 mg/kg
Imipenem/dlastatin 02505 g

Meropenem 05g

‘Medocillin_ 2-3g

Netilmicin 2mglkg
Ppemallin " T .. 28
Piperacillin/tazobactam 2258
Ticarcillin/davulanic acid 3lg

“Tobramyci . M-l7mgkg
Trimethoprim/sulfamethoxazole 5 mg/kg trimethoprim
Vansomydn 0.5 gif using polysulfone
TR dialysis membrane;

e otherwise no supplement . -

Table 5: Dosage Reductions for Selected

because the clearance of many drugs by dialysis actually makeg
mcr{;o‘;:s:: of distribution can change in renal failure due to fiygy
load or hypoproteinemia. Antimicrobials known to have ap ; Over.
volume of distribution in renal failure are aminoglycosides, Mcreaseq
cefazolin, cefoxitin, cefuroxime, cloxacillin and dgdcmm":d"%
mycin, trimethoprim, and vancomycin. Few antimicrobials m"ﬂa"d:
creased: volume of distribution in renal failure, but chlor :
and methicillin are notable examplt.s. Amphenico

Renal failure may affect hepatic as well as renal drug
pathways. Drugs whose hepatic metabolism is likely to be di’l“fmedm%in
renal faifure include aztreonam, cefmcta@!c, Cffontcid, Colotans
ceftizoxime, erythromycin, and imipenem/cilastatin. Some potengy) gyr
disruption exists for cefamandole and cefoperazone,

Factors influencing drug clearance by hemofiltration ingyq,
molecular size, aqueous solubility, plasma protein binding, equilgy,.
tion kinetics between plasnia and tissue, and the apparent volume of

“distribution. Generally, drugs that have a molecular weight

than 500 daltons are less efficiently dialyzed by standard diajy;
membranes. However, the new high-flux polysulfone memdb;.:?:
can clear efficiently molecules up to 5 kD (the molecular weight of
vancomycin is 1.486 kD) (Table 4). '

Cefaclor, cefoperazone, cefiriaxone, c.iﬂoramphemool, clindamyei,
cloxacillin and dicloxacillin, doxycycline, erythromycin, linezofi,
methicillin/nafcillin/oxacillin, metronidazole, rifampin, and tigecydine
do not require dosage reductions in renal failure. Many penicillng
and cephalosporins require a dosage reduction only when severe renal
insufficiency (variously defined as a creatinine clearance <30-50 myy
min) exists (Teble 5). Tetracyclines other than doxycycline and tigery.
cline are contraindicated in renal failure.

When adjusting therapy in renal failure, the dose can be reduced or
the interval between doses can be prolonged. The initial dose shouldbe
the same regardless, in order to obtain adequate peak serum concentra-
tions. It is preferred to maintain the dose and prolong the interval with
aminoglycosides because of the importance of maintaining a high pesk
concentration, However, it makes sense to reduce dose but maintain the

Antimicrobials in Renal

Dose for CCr <10 mU/min  Dialyzed?

insufficiency
Drug (Usual Dose) Dos'e for CCr 10-50 mt/min
Ampicillin " 0.5-1 g qéhr
(l_-2 884}11')‘ Lo
-"" T I ....,0,'5:'33;13]3‘
@ ggtht v v oo A e
Cefamandole 1-2 g q6-12hr
(I-2ggéhn)
' ) - LTV JPURIPE N 2 S -
i 1 gqi2hr

STQURYE CARNNP N PR VISR

Cefotetan

1 gq24hr

(1 gql2hr)

Cefonitin 1-2 g qB=12hr

{§~2 g qhr)

Ceftazidime 1 g q24hr

(lggshr)

Cofitsgritapte ur ABGIEe ...
gl e gty L
Ciprofloxacin 0.4 g q8hr

(04 g g8-12hr)

L IR

Individualize Yes
0.5-1 g qi2hr Yes
0.5 g ql2hr HD only
1-2 g q8-24hr HD/CAVHD
'1gq4shr " HD only
".{g.quhr Yes
" hgqQdlir HD only
0.5-1g q24hr No
1-2 g g24hr HD/CAVHD
1 g q48hr Yes
" 1gqashr HDoply .
i 04 g ciléhr No -
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‘;l:f':::g Dote) _Dose for CCr 10-50 mmin  Dose for CCr <10 mifmin _ Dialyzed?
cilastatin 0.25-0.5 g q6~8hr 0.25-0.5 g q12hr HD only
(0.5 g q6hr)
Levofloxacin 05 ’
5 g24hr CAVHD onl
(0.5-0.75 g q12hr) 0.5 g q248hr ¥
Piperacillin 24 g qhr
. HD/CAVHD
(2-4 g q4hr) 2-3 g qshr
Vancomycin Individualize Individualize High~flux
HD only
(1 g q12hr)

interval when administering B-lactam drugs (especially those with no
PAE) in order to maintain a constant drug concentration. The need to
dose patients during or after a renal replacement therapy treatment
must be borne in mind. During continuous renal replacement therapy,
the estimated creatinine clearance is 15 ml/minute in addition to the
patient’s intrinsic clearance.

SUGGESTED READINGS

American Thoracic Socicty: Guidelines for the management of adults with
fospital-acquired, ventilator-associated, and healthcare-assaciated pneu-
monia. Am ] Respir Crit Care Med 171:388-416, 2005.

Anstead GM, Owens AD: Recent advances in the treatment of infections duc
to resistant Staphylococcus aureus. Curr Opin Infect Dis 17:549-555.

Bartlett [G, Perd TM: The new Clostridium difficile—what does it mean? N
Engl ] Med 343:2503-2505, 2005.

Beko AS, Cappelletty DM, Kruse JA, et al: Continuous infusion versus inter-
paittent administration of ceftazidime in eriticatly ill patients with suspected
Gram-negative infections, Anfimicrob Agents Chemother 40:691-695, 1996.

Bosso JA: The antimicroblal armamentarium: evaluating current and future
treatpiens options, Pharmacotherapy 25:555-625, 2005, .

Carlet §, Ben Alj A, Chalfine A: Epidemiology and control of entibiotic sesis-
tarice fn the intensive care unit, Curr Opin Infect Dis 17:309-316, 2004,

Chastre }, WolfT M, Fagon JY, et al: Comparlson of 15 vs, 8 days of antibiatic
therapy for ventilator-associated preumonia in sdults: a mendomized irfal,
JAMA 290:2588-2598, 2003, .

Clark NM, Hershberger B, Zervosc M), ol alt Antimicroblal resistence among
Gram-positive organtsms in the Intensive care unlt. Curr Opln Crit Care
9:403-412, 2003.

Dellinger EP: Duration of antiblotic treayment in surgical Infections of the
thdomen, Undesired effects of sntibiotics and future studles, Zur ] Surg
576(Suppl}s29-31, 1996,

Dll’go JT, Bdmiston CR, Bohnen JMA: Phnrma::;i&ymmiu of antimicrobial

erapy In susgery, Am | Surg 171:615-622, 1

Evans Rsfg‘amtm , Cla’uenml)c. ol &l A computer-asslsted management
program for entiblotice and other entlinfective agents. N Hngl J Med

338:232-238, 1998.

I"7’031’-. The importance of antlblotic pharmacokinetics in critical liness, Am

urg 172(Supp)):206-256, 1996. )

Monulr’g ), Garcia-Garmendia )i, Barrero-Almodaver A, oeft ak
Impact of sdequate emplrics! sntibiotic therapy on the outcoine PB;
;flerlzls admitied to the Intensive care unlt with sepuls, Crit Care Me

2742-2751, 2003,
4 1, Moeling RC: Antimicrobil drg resisance. N Bng] | Med
5:1443-1453, 1896,

§, Ferriare K, Hugonnet §, et al: Epidemiology end pwsﬂ:;h“%d"
termingnts of hioodsiream Infections in surglcal intensive care. urg
137:1353. 1359, 2002, ini-

ones RN: Microblulugical featyres of vancomy¢in in the 21st “nlltwwd pl

mum inhfbilory concentratton creep, bactericldal/static sctivity, onC P
Plid bregkpolnts t predist clinicsl outcomes o detoct realsten ]

Ulin Infsct 1211 42:813-524, 2008
Rkt M"{ Mlﬂ:ﬁ g’l‘: Straloglos o prevont sntimicroblal resistance in the
intensive case unlt, Crit Care Mod 33:1843-1853, 2005,

Notes: Formula for estimation of creatinine clearance [Cerl: |
: : [140 = age X (1.00 [malc] or 0.85 [female])
X weight (kg). Cc, (ml/min) = serum Cr concentration (mg/dl) X 782,

CAVHD, Continuous arteriovenous or venovenous hemodialysis; HD, hemodialysis; PD, peritoneal dialysis.

LeDell K, Muto CA, Jarvis WR, et al: SHEA guidclinc for preventing nosoco-
mial transmission of multidrug-resistant strains of Staphylococcus aureus
and Enterococeus. Infect Control Hosp Epidemiol 24:639~641, 2003. .

Livermore DM: Bacterial resistance: origins, epidemiology, and impact. Clin
Infect Dis 36:511-523, 2003.

Loo V, Poirier L, Miller MA, et al: A predominantly clonal multi-institutional
outbreak of Clostridium difficile-associated diarrhea with high morbidity
and mortality. N Engl ] Med 353:2442-2449.

McDonald LC, Kilgore GE, Thompson A, et ak An cpidemic, toxin gene-
variant strain of Clostridium difficile. N Engl J Med 353:2433-2441, 2005,

Naiemi NA, Duim B, Savelkoul PH, et al: Widespread transfer of resistance
genes between bacterial species in an intensive care unit: implications for
hospital epidemiclogy. J Clin Microbiol 43:4862~4864, 2005,

Naimi TS, LeDell KH, Como-Sabetti K, et al: Comparison of community- and
health care-associated methicillin-resistant Staphylococcus aureus infec-
tion. JAMA 290:2976-2584, 2004,

Neuhsuser MM, Weinstein RA, Rydman R, et al: Antibiotic resistance among
Gram-ncgative bucilli in US intensive care units: implications for fluoro-
quinolone use. JAMA 289:885-888, 2003.

Niselr S, Di Pompeo C, Soubrier S, et al: First-gencration flucrquinolone use
ond subsequent emergence of multiple drug-resistant bacteria in the in-
tensive care unit, Crit Care Med 33(2):283-289, 2005.

Pedmanabhan RA, Larosa SP, Tomecki K): What's ncw in antibiotics? Dernta-
tol Clin 23:301-312, 2005.

Paul M, Benuri-Sitbiger [, Soares-Weiser K, et al: Beta-lactam menotherapy
versus beta-lactam-aminoglycoside combination therapy for sepsis in im-
munocompetent patients: systemntic review and meta-analysis of van-
domized trials, BMJ 328:(7441):668, 2004.

Rello ], Ollendorf DA, Oster G, et al: Epidemiology and outcomes of
ventilator-associated prneumonia In a large US database. Chest 122:
2115-2121, 2002,

Raymond DP, Pelleticr S}, Crabtree TD, et al: Impact of a rotating empiric
antiblotic schedule on infectious nortality in an intensive care unit. Crit
Care Med 29:1101-1108, 2001.

Schentag J), Gilliland KK, Paladino JA: What have we learned from pharma-
cokinetic and pharmacodynamic theories? Clin Infecs Dis 32:539-546,
200).

Schlacs DM, Gerding DN, lohn JP Jr, et al: Society for Healtheare Epidemiol-
ogy of America and Infectious Diseases Society of America Joint Commit-
tee on the Prevention -of Antimicrobial Resistance: guldelines for the
prevention of antimicroblal resistance in hospitals. Clin Infect Dis 25:584-
599, 1997,

Sehulster L, Chinn RY, et al: Guidelines for environmental infection control in
health-care facflities, Recommendations of CDC and the Healthcare In-
fection Contrel Practices Advisory Committee (HICPAC), MMWR Re-
comm Rep 6:1-42, 2003,

Shors AF, Sherner JH, Jackson WL, et al: Invasive approaches to the diagnosis
of ventilator-associated pneumonis; a metn-analysls, Crit Care Med
33:46-53, 2005.

Troufllet JL, Chastre J, Vuagnat A, et al; Ventilator-assacialed pneumaenia
caused by potentially drug-resistant bacteria. Amt f Respir Crit Care Med
157:531-539, 1998.

Vivienl M, Silvestri L, ven Sgene HK, et al: Surviving Sepsis Camspaign Guide-
lines: selective decontamination of the digestive teact still neglected. Crit
Cars Med 33:462-463, 2008,



