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Abstract Indications for the use of antimicrobials in critically ill patients are similar to
those for other hospitalised patients. However, the selection of agents depends
on the particular characteristics of patients in the intensive care unit (ICU), the
form of presentation of infection, the type of infection and the bacteriological
features of the causative pathogens.

The use of antimicrobials in patients admitted to medical-surgical ICUs varies
between 33 and 53%. The selection of empirical antimicrobials to be included in
treatment protocols of the most common infections depends on the strong inter-
relationship between patient characteristics, predominant pathogens in each fo-
cus, and antimicrobials used for treatment.

Epidemiological studies carried out in the past have identified the micro-
organisms most frequently responsible for community-acquired and nosocomial
infections in patients admitted to ICUs. Susceptibility to antimicrobial agents may
be different between each geographical area, between each hospital and even
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within the same hospital service. In addition, susceptibility patterns may change
temporarily in relation to the use of particular antimicrobials or in association
with other unknown factors so that assessment of endemic antimicrobial resis-
tance patterns is very useful in order to tailor the antimicrobial regimens of ther-
apeutic protocols.

Antimicrobial use should not be a routine procedure. The clinical course of the
patient (an indicator of effectiveness) should be closely monitored as well as the
possible appearance of adverse effects and/or multiresistant pathogens. Controls
are based on the assessment of plasma drug concentrations and microbiological
surveillance to detect the presence of multiresistant strains or new antibacterial-
resistant pathogens.

Prevention of the development of multiresistant pathogens is the main goal of
the ICU antimicrobial policy. Although a series of general strategies to reduce
the presence of multiresistant pathogens have been proposed, the implementation
of these recommendations in ICUs requires the cooperation of a member of the
intensive care team.

Over half of all patients admitted to intensive
care units (ICUs) receive one or more antimicro-
bial agent, and most of these are for the treatment
of community-acquired and/or nosocomial infec-
tions.[1-3] Indications for the use of antimicrobials
are similar to those for other hospitalised patients,
but the selection of agents depends on the particu-
lar characteristics of patients in the ICU (severity
of illness, immunosuppression, multiorgan failure,
high distribution volume), the form of presentation
of infections (severe sepsis, septic shock, coagula-
tion disorders, respiratory failure), the type of in-
fection (catheter-related bacteraemia, mechanical
ventilation-associated pneumonia), and the bacte-
riological features of causative pathogens. Numer-
ous studies have confirmed the relationship be-
tween antibacterial usage and the development of
resistance among both community and hospital
bacterial pathogens, as well as for an increased risk
of colonisation by hospital pathogens.[4-9] These
phenomena are especially relevant for ICUs, in
which the development of nosocomial infection is
frequent for different reasons and the presence of
multiresistant pathogens may be a determining fac-
tor for the outcome of patients.

In most patients, the use of antimicrobials is
started before identification of the causative patho-
gen (empirical treatment). The selection of antimi-
crobial agents for protocols of empirical treatment

of infections in ICU patients is as a result of careful
consideration of the problem taking into account 3
essential elements: pathogens and their susceptibil-
ity patterns, antimicrobials and patients.

Between 25 and 50% of antimicrobial prescrip-
tions may be incorrect for reasons of indication,
choice, dosage or duration of therapy.[10,11] Recog-
nition of the consequences of abuse and misuse of
antimicrobials prompted the development of a se-
ries of guidelines and recommendations to improve
antimicrobial usage. Implementation of these rec-
ommendations in the ICU setting involves addi-
tional difficulties than for other in-patient settings.

The aim of this review is to describe factors of
critical importance in the use of antimicrobials in
patients hospitalised in the ICU, to discuss how the
use of antimicrobials in this patient population can
be best managed in the current healthcare environ-
ment, and to summarise recommendations based
on experts’ opinions to improve antimicrobial pre-
scribing patterns.

1. Use of Antimicrobials in the Intensive
Care Unit (ICU)

Different multicentre studies carried out in the
past have provided data on antibacterial use in
ICUs. The European Prevalence of Infection in In-
tensive Care (EPIC study) showed that 62.3% of
patients admitted to the participating ICUs had re-
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ceived one or more antibacterial agent on the day
of data collection.[1] A study of the prevalence of
nosocomial infection in Spain (EPINE study) re-
vealed that 51% of critically ill patients (including
transplant patients) were given antibacterials,
which accounted for 5% of the overall antibacterial
consumption in the hospital.[2] According to a na-
tional study on surveillance of nosocomial infec-
tion in ICU (ENVIN-ICU study) carried out in
Spain since 1994 by the Sociedad Española de
Medicina Intensiva, Critica y Unidades Coronarias
(SEMICYUC) working party of infectious dis-
eases, the use of antibacterials in patients admitted
to medical-surgical ICUs varied between 33 and
53% (table I).[3] The severity of the condition of
patients admitted to ICUs and their prolonged hos-
pital stay usually determine the prescription of
more than one antimicrobial regimen with combi-
nations of different antimicrobials.[3] The most
commonly used agents include broad spectrum
antibacterials, particularly third generation cepha-
losporins, aminoglycosides, broad spectrum peni-
cillins and carbapenems, as well as those anti-
bacterials prescribed for treating multiresistant
Gram-positive infections, such as glycopeptides
(table II).

2. Characteristics of the Use of
Antimicrobials in Critically Ill Patients

In critically ill patients, antimicrobials are pre-
scribed early in the presence of clinical suspicion
of an infection process that may have an effect on
the patient’s final outcome (bacteraemias, pneu-
monia, meningitis, etc.). In critically ill patients
with abdominal infection and ventilator-associated

pneumonia, early administration of adequate anti-
microbial cover has been shown to be an inde-
pendent predictor of outcome.[12-14]

Infection is suspected on clinical grounds ac-
cording to detection of clinical signs of a systemic
inflammatory response (fever, tachycardia, tachy-
pnoea, chills). These nonspecific signs associated
with other signs of focality (crepitation, purulent
bronchial secretion, stiffness in the neck, coma, ex-
udate or pus in the catheter insertion site, etc.) allow
the selection of the most adequate antimicrobials
for each case according to specific therapeutic pro-
tocols for each type of infection, which should be
adapted to the characteristics of each hospital.

Other patients are given antimicrobial prophy-
laxis (intravenous, topical) during the postoperative
course of different surgical procedures or to prevent
infections in extremely severe conditions (trans-
plantation, immunosuppression, polytrauma).

The use of antimicrobials in critically ill pa-
tients should follow a series of rules that are com-
mon to antimicrobial usage in other hospitalised
patients.

2.1 Collection of Significant Samples 
of the Infection Foci Before 
Antimicrobial Administration

Starting antimicrobial therapy should be pre-
ceded, in all patients, by collection of safety sam-
ples (blood, body fluids, exudates, low pulmonary
secretions, or other samples that are considered to
be appropriate for each focus) using invasive pro-
cedures if needed (fibreoptic bronchoscopy, fluo-
roscopic-guided needle aspiration, etc.). Occasion-
ally, isolation of pathogens in some samples, such

Table I. Antibacterial use in patients admitted to intensive care units (ICUs) [ENVIN-ICU Study, 1994-1998][3]

Year No. of patients Patients receiving
antibacterials (%)

No. of antibacterials given Antibacterials/patients receiving
antibacterials

1994 1884 877 (46.5) 1864 2.13

1995 1794 603 (33.6) 1299 2.15

1996 7151 3817 (53.4) 8114 2.13

1997 2393 1121 (46.8) 2485 2.22

1998 3909 2033 (52.0) 3921 1.93

Total 17 131 8451 (49.3) 17 683 2.09
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as bronchial secretions, urine or drainage fluid, do
not confirm the presence of infection (it may only
indicate colonisation) and, in these situations, the
relationship of these findings with the patient’s
clinical manifestations should be evaluated. In
other situations, isolation of pathogens allows the
aetiology of infection to be established and, in
some clinical situations (e.g. bacteraemia, pneu-
monia, meningitis), the confirmation of the pres-
ence of infection (i.e. a definitive diagnosis).

2.2 Empirical Regimens Using Combinations
of Broad Spectrum Antibacterials.

Empirical treatment with broad spectrum bacte-
ricidal agents, and frequently with combinations
of these agents to increase the therapeutic range or
the bactericidal action, is based on initial severity
of the patient’s condition, additional infection-
attributed mortality, time delay in the availability
of results of bacteriological studies, and the low
sensitivity and/or specificity of some diagnostic
methods. Antibacterials should be administered by
the intravenous route to quickly obtain a high
plasma and tissue drug concentrations. Some au-
thors believe that early use of adequate empirical
antibacterials is the most important factor for a fa-

vourable evolution in patients with pneumonitis or
peritonitis.

2.3 Use of Maximal Doses

The first dose of antimicrobial should be the
maximal dose followed by doses adjusted to the
patient’s hepatic and renal function. The goal is to
attain maximal plasma concentrations (Cmax) sev-
eral times higher than minimal inhibitory concen-
tration (MIC) of the causative pathogen (Cmax : MIC
ratio). Other pharmacodynamic parameters include
the area under the concentration time curve
(AUC) : MIC ratio and the time interval in which
plasma drug concentrations are greater than the
MIC.[15] The 2 first parameters, Cmax : MIC ratio
and AUC : MIC ratio, are used for antibacterials
whose bactericidal activity depends on maximal
concentration, such as the aminoglycosides and
quinolones,[16,17] whereas the third pharmacody-
namic parameter is used for time-dependent killing
agents, such as the β-lactams.[18] The use of low or
subclinical doses has been related to the selection
of multiresistant bacteria.

Table III shows maximal doses of 29 antibacte-
rials and 4 antifungal agents most frequently used
in patients in the ICU together with dose adjust-
ments based on creatinine clearance values.

Table II. Changes in antibacterial use in patients admitted to intensive care units (ICUs) [ENVIN-ICU Study, 1994-1998][3]

Data 1994 (%) 1995 (%) 1996 (%) 1997 (%) 1998 (%)

Patients receiving antibiotics 877 603 3817 1121 2033

Cephalosporins 566 (64.5) 351 (58.2) 2528 (66.2) 694 (61.9) 1086 (53.4)

first generation 164 (18.7) 100 (16.6) 776 (20.3) 202 (18.0) 285 (14.0)

second generation 110 (12.5) 73 (12.1) 428 (11.2) 103 (9.2) 175 (8.6)

third generation 292 (33.3) 178 (28.7) 1306 (34.2) 364 (32.5) 554 (27.3)

fourth generation 18 (0.5) 25 (2.2) 72 (3.6)

Aminoglycosides 280 (31.9) 212 (35.2) 1206 (31.6) 372 (33.2) 525 (25.8)

Penicillinsa 189 (21.6) 122 (20.2) 771 (20.2) 294 (26.2) 510 (25.1)

Quinolones 97 (11.1) 72 (12.3) 392 (10.3) 114 (10.2) 187 (9.2)

Glycopeptides 139 (15.8) 72 (11.9) 755 (19.8) 222 (19.8) 351 (17.3)

Carbapenems 96 (10.9) 81 (13.4) 626 (16.4) 192 (17.1) 263 (12.9)

Macrolides 50 (5.7) 39 (6.5) 328 (8.6) 93 (8.3) 114 (5.6)

Penicillins 127 (14.5) 167 (27.7) 339 (8.9) 90 (8.0) 178 (8.8)

Metronidazole 66 (7.5) 41 (6.8) 307 (8.6) 107 (9.5) 184 (9.1)

a Broad spectrum.
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2.4 Directed Treatment

Antimicrobial treatment should be adjusted af-
ter identification of the causative pathogen. Anti-
bacterials more active against the isolated patho-
gens, with better tissue penetration, which are less
toxic and with the most reduced bactericidal spec-
trum should be selected even in patients with fa-

vourable clinical evolution. First-choice antimi-
crobials for treating the most frequently isolated
causative pathogens of ICU infections, as well as
those to be used in cases of multiresistance, are
shown in table IV. A single antimicrobial can be
used in the majority of cases (monotherapy), ex-
cept for pathogens frequently associated with the
rapid development of resistance during treatment

Table III. Dosages of 29 antibacterial and 4 antifungal agents most frequently used in intensive care units (ICUs) and doses adjusted to renal
function

Antimicrobial Creatinine clearance

>80 ml/min 80-50 ml/min 50-10 ml/min <10 ml/min

Cefazolin 0.5-2g/8h 0.5-2g/8h 1g/12h 1g/24h

Cefotaxime 2-3g/6-8h 1-2g/6-8h 1-2g/8h 1-2g/24h

Vancomycin 15-25 mg/kg/12h 1g/24h 1g/3-5 days 1g/7 days

Imipenem/cilastin 0.5-1g/6-8h 0.5-1g/8h 0.5-1g/12h 0.5-1g/24h

Amoxicillin/clavulanic acid 1-2g/100-200mg/6-8h 1-2g/100-200mg/6-8h 1-2g/100-200 mg/12h 1-2g/100-200mg/24h

Amikacin 15 mg/kg/24h 15 mg/kg/24h 4-12 mg/kg/24h 2-4 mg/kg/24h

Tobramycin 3-5 mg/kg/24h 3-5 mg/kg/24h 1-3 mg/kg/24h 0.5-1 mg/kg/24h

Gentamicin 3-5 mg/kg/24h 3-5 mg/kg/24h 1-3 mg/kg/24h 0.5-1 mg/kg/24h

Ciprofloxacin 200-400mg/8-12h 200-400mg/8-12h 200-400mg/8-12h 250-500mg/12h

Ceftazidime 1-2g/8-12h 1-2g/8-12h 1g/12-24h 0.5g/24h

Erythromycin 30-50 mg/kg/24h 30-50 mg/kg/24h 30-50 mg/kg/24h 30-50 mg/kg/24h

Cefuroxime 0.75-1g/8h 0.75-1g/8h 750mg/12h 750mg/24h

Metronidazole 250-750 mg/6h 250-750mg/6h 250-750mg/6h 250-750mg/6h

Ceftriaxone 2-4 g/24h 1-2g/24h 1-2g/24h 0.5-1g/24h

Piperacillin/tazobactam 4g/0.5 g/6h 4g/0.5g/6h 4g/0.5g/8h 4g/0.5g/12h

Clindamycin 300-900 mg/6-8h 300-900mg/6-8h 300-900mg/6-8h 300-900mg/6-8h

Aztreonam 1-2g/8-12h 1-2g/8-12h 0.5-1g/8-12h 1g/24h

Cloxacillin 1-3g/4-6h 1-3g/4-6h 1-3g/4-6h 0.5-2g/6-8h

Ampicillin 1-2g/4-6h 1-2g/4-6h 1-2g/6-8h 1-2g/12h

Teicoplanina 12 mg/kg/24h 6 mg/kg/24h 6 mg/kg48h 6 mg/kg/72h

Penicillin sodium 1-3 mol/L/2-4h 1-3mol/L/2-4h 1-3mol/L/8h 1-2mol/L/12h

Cotrimoxazole 160-800mg/8-12h 160-800mg/8-12h 160-800mg/8-12h 80-400mg/24h

Meropenem 1-2g/8-12h 1-2g/8-12h 0.5-1g/8-12h 1g/24h

Rifampinb 10 mg/kg/24h 10 mg/kg/24h 10 mg/kg/24h 10 mg/kg/24h

Cefoxitin 1-2g/4-6h 1-2g/4-6h 1-2g/12-24h 0.5-1g/12-24h

Cefonicid 1-2g/24h 1-2g/24h 1g/48h 1-3g/5 days

Piperacillin 4g/6h 4g/6h 4g/8h 4g/12h

Ofloxacin 200-400mg/12h 200-400mg/12h 200-400mg/12h 200mg/12h

Cefepime 1-2g/8-12h 1-2g/8-12h 2g/24h 0.5-1g/24h

Fluconazole 400-800mg/24h 400-800mg/24h 200-400mg/24h 200mg/24h

Amphotericin B

deoxycholate 0.3-1.5 mg/kg/24-48h 0.3-1.5 mg/kg/24-48h 0.3-1.5 mg/kg/24-48h 0.3-1.5 mg/kg/24-48h

lipid complex 3-5 mg/kg/24h 3-5 mg/kg/24h 3-5 mg/kg/24h 3-5 mg/kg/24h

liposomal 1-3 mg/kg/24h 1-3 mg/kg/24h 1-3 mg/kg/24h 1-3 mg/kg/24h

a The first 3 doses every 12 hours.

b Maximum 600mg if bodyweight >50kg and 450mg if bodyweight <50kg.
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or with relapses, and/or pathogens associated with
poor prognosis, such as infections caused by Pseu-
domonas aeruginosa.[19-21] The use of 2 or more
antimicrobials is recommended in these situations,
although no study has demonstrated that combined
treatments are more effective.

3. Factors That Influence the 
Selection of Antimicrobials for
Therapeutic Protocols

The selection of empirical antimicrobials to be
included in treatment protocols of the most common
infections depends on the strong inter-relationship
between patient characteristics, predominant patho-
gens in each focus, and antimicrobials used for
treatment (fig. 1). Although no study has been de-
signed to specifically address the impact of appro-
priate empirical therapy on the clinical course of an
infection process, different studies have provided
evidence for a poor prognosis in patients treated
inappropriately.[12-14,22-24]

3.1 Pathogens

Epidemiological studies carried out in the past have
identified the micro-organisms most frequently re-
sponsible for community-acquired and nosocomial
infections in patients in the ICU, [2,11,25-28] as well
as the evolution of their antimicrobial susceptibil-
ity patterns. These data are useful for selecting
those antimicrobial agents which are most appro-
priate for the treatment of each type of infection.
Moreover, it would be useful to have information
on the distribution of pathogens in the hospitals
through the development of a sequential epidemi-
ological map in which the incidence of the most
frequent infections as well as the incidence of the
corresponding causative pathogens will be in-
cluded.

This distribution of nosocomial infections in the
ICU varies largely from nosocomial infections in
other hospitalised patients, with mechanical venti-
lation-associated pneumonia, urethral catheter-re-
lated urinary tract infection, and catheter-related
bacteraemia being the most prevalent. The most
frequent causative pathogens for each type of in-

Table IV. First-line antimicrobials for treating the most common
infections in patients in the intensive care unit (ICU)

First choice Multiresistance

Pseudomonas aeruginosa

Ceftazidime Colistin

Cefepime

Piperacillin/tazobactam

Imipenem/cilastin

Meropenem

Aztreonam

Amikacin

Ciprofloxacin

Staphylococcus aureus

Cloxacillinb Vancomycin

First generation
cephalosporins

Teicoplanin
Quinupristin-dalfopristin

Linezolid

Acinetobacter baumannii

Piperacillin/tazobactam Ampicillin/sulbactam

Imipenem/cilastin Doxycycline

Meropenem Colistin

Amikacin

Tobramycin

Enterococcus faecalis

Amoxicillin Vancomycin

Ampicillin Teicoplanin

Gentamicina Quinupristin-dalfopristin

Piperacillin Linezolid

Staphylococcus epidermidis

Vancomycin Quinupristin-dalfopristin

Teicoplanin Linezolid

Cloxacillinb

Escherichia coli

Second, third, fourth
generation cephalosporins

Imipenem/cilastin
Meropenem

Amoxicillin/clavulanic acid

Piperacillin/tazobactam

Ciprofloxacin

Aminoglycoside

Candida albicans

Fluconazole

Amphotericin B

Haemophilus influenzae

Amoxicillin/clavulanic acid Imipenem/cilastin

Second, third generation
cephalosporins

Meropenem

Aztreonam

a In gentamicin-susceptible strains.

b In cloxacillin-susceptible strains.
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fection in the ENVIN-ICU study[25] are listed in
table V.

Susceptibility to antimicrobial agents may be
different between each geographical area, between
each hospital and even within the same hospital
service. In addition, susceptibility patterns may
change temporarily in relation to the use of partic-
ular antimicrobials or in association with other un-
known factors.[29] This means that assessment of
endemic antimicrobial resistance patterns is very
useful to tailor the antimicrobial regimens of ther-
apeutic protocols. Personnel responsible for epide-
miological surveillance should be alert to the de-
tection of cross-resistance among Gram-negative
rods or multiresistance in a particular strain. In
these situations, some authors[30,31] have proposed
control of the endogenous flora of the patients at risk
(bronchial aspirates in mechanically ventilated pa-
tients, samples from the oropharynx and rectum in
patients with long hospital stay and burn patients,
etc.) should be obtained for an early detection of
dissemination of the multiresistant strain and to
change (if appropriate) the antimicrobials included
in empirical therapeutic protocols.

Whenever susceptibility to different antimicro-
bials is maintained by endemic strains predominat-
ing in the hospital service, it would be possible to
make an alternative selection, which in turn would
prevent the development of new resistance mech-
anisms by the repeated use of one of them. A pro-
gressive increase in the emergence of resistance to

a particular agent or to a class of agents should cause
temporary discontinuation of its use in both empir-
ical and directed regimens.

3.2 Antimicrobials

Physicians who prescribe antimicrobials should
be aware of the main pharmacological charac-
teristics of those agents most commonly adminis-
tered, including the range of antimicrobial activity,
pharmacokinetics, important adverse effects,
mechanism of action, clinically relevant interac-
tions, and clinical effectiveness in different indica-
tions. The lack of information on some of these
aspects may have a negative influence on clinical
response to some antimicrobials, such as:
• limited ability to attain adequate concentrations

in the affected tissue (vancomycin in the cere-
brospinal fluid, aminoglycosides in bronchial
secretions and pancreatic tissue)[32-34]

• possibility of inactivation by acidic pH (amino-
glycosides, imipenem/cilastatin)[35]

• differences in the post-antibiotic effect (mini-
mal for β-lactams and very high for aminogly-
cosides).[36]

Patients

Antimicrobial spectrum
Mechanism of action

Underlying condition
Hospital days

Previous antibiotic

Pathogens
Agents

Renal function
Bodyweight
Age
Pharmacokinetics
Distribution

Antimicrobials

Fig. 1. Relationship between patient characteristics, causative
micro-organisms and antimicrobials.

Table V. Aetiological agents for the main nosocomial infections in
patients in the intensive care unit (ICU) from the ENVIN-ICU Study,
(1994-1998)[25]

Type of infection Cases (%)

Mechanical ventilation-associated pneumonia

Pseudomonas aeruginosa 24-36

Staphylococcus aureus 18-19

Acinetobacter spp. 10-18

Escherichia coli 3-11

Haemophilus influenzae 2-11

Urethral catheter-associated urinary tract infection

E. coli 25-32

Candida spp. 17-21

Enterococcus spp. 10-22

P. aeruginosa 10-11

Vascular catheter-related primary bacteremia

Streptococcus epidermidis 26-35

Enterococcus spp. 5-21

Candida spp. 3-21

P. aeruginosa 2-12

S. aureus 2-7
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3.3 Patients and Infections

The characteristics of the patient are the essen-
tial factors in determining the causative pathogen.
The aetiology of an infection depends on a number
of factors, in particular, the immunological status
of the patient, which has been associated with some
disorders (haematological and oncological dis-
eases, organ transplantation, HIV infection) or
some treatments (chemotherapy, corticosteroids).
Treatment of opportunistic pathogens frequently
found in these patients (fungi, viruses, mycobacte-
ria) should also be considered in protocols of em-
pirical antimicrobial use.

In immunocompetent patients, factors influenc-
ing the selection of pathogens are those capable of
modifying the primary endogenous flora which
predominates in mucous membranes of healthy in-
dividuals. Antimicrobial use, prolonged stay in
hospital and alteration of natural defensive barriers
resulting from insertion of urethral catheters, tra-
cheal tubes or intravascular devices, configurates
clearly differentiated risk groups. Accordingly, in
the group of patients ‘without risk factors’, caus-
ative pathogens are predominantly micro-organ-
isms of the primary endogenous flora present at the
time of hospital or ICU admission (Streptococcus
pneumoniae, methicillin-susceptible Staphylococ-
cus aureus, Haemophilus influenzae, and En-
terobacteriaceae of the digestive tract). These are
previously healthy patients admitted to the hospital
because of acute conditions (trauma, neurological
or surgical) without previous antimicrobial expo-
sure, who develop an infection a few days after
hospital admission (primary endogenous infec-
tion). Empirical treatment should include the use
of antimicrobials that are effective against primary
endogenous flora (table VI).

In another group of patients, infections are caused
by secondary endogenous flora in which pathogens
forming part of the ecosystem of the hospital, with
a different distribution in each centre. In the ICUs,
this secondary endogenous flora includes P. aeru-
ginosa, Acinetobacter baumannii, and intestinal
Enterobacteriaceae (table VI). Other pathogens,
such as methicillin-resistant S. aureus (MRSA),

extended-spectrum β-lactamase (ESBL) resistance
noted predominantly in Klebsiella pneumoniae, or
Stenotrophomonas maltophilia that may initially
colonise patients at risk and be the cause of new
infections, may appear occasionally in a particular
area. These are patients admitted to the hospital for
many days with different previous antimicrobial
regimens with broad spectrum agents and mucosal
instrumentation in whom empirical antimicrobials
included in therapeutic protocols should be effec-
tive against the most prevalent pathogens for a given
time at each care area of the critically ill patient.

4. Special Forms of 
Antimicrobial Administration

4.1 Extended-Interval 
Aminoglycoside Administration

Single daily doses of aminoglycosides have
been recommended in recent years.[37,38] The bac-
tericidal activity of these agents is dose-dependent,
with a Cmax : MIC ratio >10 for the optimal dose.[39]

This regimen is associated with a Cmax and a greater

Table VI. Predominant micro-organisms in patients with intensive
care unit (ICU)-acquired nosocomial infection according to epidemi-
ological surveillance studies at ICU admission

Type of infection Pathogens micro-organisms

Primary endogenous (previous
colonisation at ICU admission)

Streptococcus pneumoniae
Haemophilus influenzae

Escherichia coli

Methicillin-sensitive
Staphylococcus aureus

Moraxella catarrhalis

Secondary endogenous (not
present at ICU admission)

Klebsiella spp.
Proteus spp.

Enterobacter spp.

Serratia spp.

Pseudomonas spp.

Stenotrophomonas maltophilia

Methicillin-resistant S. aureus

Candida spp.

Exogenous (external reservoir) Salmonella spp. (enteral
nutrition)

Burkolderia cepacea
(pressure cuffs)

Acinetobacter baumannii
(respirators)
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post-antibiotic effect and has shown a similar effi-
cacy to that of multiple-dose regimens. Two recent
meta-analyses[40,41] that included 14 and 21 ran-
dom studies, respectively, have shown a decrease
in nephrotoxicity between 13 and 25% with the use
of the extended-interval aminoglycoside dosing
(EIAD) regimen. Differences in relation to ototox-
icity have not been clearly established. In patients
with enterococcal endocarditis, renal insufficiency,
and impaired distribution volume, there is insuffi-
cient evidence to recommend the use of EIAD.[42]

Information on the use of EIAD in pregnant women
is not available.

4.2 Continuous Infusion of Antibacterials

Potential advantages of continuous infusion of
antibacterials are based on experimental studies
with β-lactams especially ceftazidime[43,44] and
cefepime.[45] In vitro, β-lactams have shown a
time-dependent killing effect. Experience with this
modality of antibacterial administration is limited
and refers to treatment of P. aeruginosa infection
in patients with neutropenia or cystic fibrosis.[46-48]

Moreover, there are clinical experiences with the
administration of vancomycin[49,50] and flucloxacil-
lin[51] in the treatment of severe infections caused
by Gram-positive bacteria.

However, future clinical data will contribute to
better define its indication in critically ill patients
in whom antibacterial regimens with intermittent
doses would have been unsuccessful or in clinical
conditions in which concentrations above MIC for
most of the administration interval is required.

4.3 Local Antibacterial Administration

The use of multiple combinations of antibacte-
rials may occasionally be unsuccessful in patients
with severe infection. In these cases, the presence
of multiresistant pathogens makes it necessary to
achieve maximal antibacterial concentrations at
the site of infection. Although aminoglycosides
usually have in vitro activity against these bacteria,
their clinical efficacy is limited by poor penetra-
tion at the site of infection, especially in bronchial
secretions and pulmonary parenchyma. Local ad-

ministration of antibacterials in the airways to in-
crease antibacterial concentration at the focus of
infection has been proposed.[52]

In a double-blind, randomised, placebo-con-
trolled multicentre study, Brown et al.[53] reported
no significant differences in the clinical response
of bacterial pneumonia, although in the group in
which tobramycin was instilled endotracheally, a
greater frequency of eradication of the causative
pathogens of the pneumonia was achieved. In a non-
comparative study, Stoutenbeek et al.[54] achieved
excellent results with aerosolised antibacterials
(tobramycin plus cefotaxime or ceftazidime) in as-
sociation with the same antibacterials given intra-
venously in patients with severe pneumonia who
had previously received antibacterials by the gas-
trointestinal route.

At the present time, evidence of the efficacy of
topical administration of antibacterials is limited,
but it may be possible that in the future this modal-
ity of treatment may be selected in patients with
poor prognosis (immunosuppressed, APACHE
score >20) or in case of infection caused by high
risk pathogens (multiresistant P. aeruginosa and A.
baumannii).

5. Controls During 
Antimicrobial Therapy

Antimicrobial use should not be a routine pro-
cedure. The clinical course of the patient (an indi-
cator of efficacy) should be closely monitored in
addition to the possible appearance of adverse ef-
fects and/or multiresistant pathogens. Controls for
antimicrobial use are based on the following cri-
teria.

5.1 Assessment of Plasma 
Drug Concentrations

Pharmacokinetics of antimicrobial drugs in ICU
patients may be altered as a result of haemodynamic
changes, renal and/or hepatic failure, generalised
oedema, increased volume of distribution, and
other complications. Therefore, there is a large
between-individual variability in plasma drug con-
centrations when the same doses are given, so that
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antimicrobial doses should be optimised, particu-
larly in drugs with a narrow therapeutic range, such
as aminoglycosides and vancomycin.[55]

The implementation of pharmacokinetic pro-
grammes specifically designed for the therapeutic
monitoring of antimicrobial agents, allows dose re-
quirements to be estimated to obtain maximal clin-
ical efficacy with a minimal incidence of adverse
effects.[56]

5.2 Microbiological Surveillance to Detect
the Presence of Resistant Pathogens

The high level of use of antimicrobial agents in
ICUs favours the appearance of multiresistant
pathogens, the presence of which is associated with
both failure of antimicrobial therapy in a given pa-
tient and selection of a multiresistant endogenous
flora that will influence antibacterial policy of that
ICU in the future.

In the critically ill patient, isolation of multire-
sistant pathogens may occur in the following cir-
cumstances:[57]

• individual isolation in a patient at risk (prolonged
ICU stay, previous use of various combinations
of broad spectrum antibacterials, high severity
score). In this situation, multiresistant strains,
such MRSA, S. maltophilia, P. aeruginosa, Can-
dida albicans or other species of fungi, are fre-
quently identified in the last phase of the clinical
course of the patient. The presence of these path-
ogens is a marker of severity, although it has a
low effect on the final outcome for the patient
or on the antibiotic policy of the ICU

• isolation of one or more resistant strains of the
same species in the form of an epidemic out-
break (A. baumannii, K. pneumoniae containing
ESBL, E. faecium, MRSA). As these strains
form part of the environment of the ICU, pa-
tients are colonised rapidly, independently of
their degree of severity. This form of presenta-
tion has an important impact on the antibiotic
policy of the ICU and a major effect on the clin-
ical course of patients with intermediate degrees
of illness severity

• detection of resistance of the original strain, par-
ticularly during treatment with cephalosporins,
in relation to the development of antibacterial-
induced inactivating enzymes (β-lactamases),
especially in the case of Enterobacteriaceae and
P. aeuruginosa. This event is associated with
failure of antimicrobial therapy and an increase in
mortality. In the case of persistence, it is neces-
sary to restrict the use of third generation cephalo-
sporins. The importance of these multiresistant
pathogens varies between different countries,
whereas vancomycin-resistant Enterococcus
spp. (VRE) are mainly responsible for outbreaks
in ICUs in the US. Enterobacteriaceae contain-
ing ESBL and A. baumannii are particularly fre-
quent in European ICUs.

6. Antimicrobial Policy in the ICU

Prevention of the development of multiresistant
pathogens is the main goal of the antimicrobial pol-
icy of an ICU. Although a series of general strate-
gies to reduce the presence of multiresistant patho-
gens have been proposed,[58,59] the implementation
of these recommendations in ICUs requires the co-
operation of a member of the intensive care team
who is an expert in infection diseases. Recommen-
dations allowing for better use of antimicrobials in
ICUs[60] are shown in table VII.

Antimicrobial policy in ICUs is based on the
preparation and implementation of protocols for
different types of infections in the critically ill pa-
tient. All specialists involved in the prevention and
treatment of infections should participate in the de-
velopment of guidelines, although the intensive
care specialist should be responsible for imple-
menting recommendations and for auditing the ful-
fillment of guidelines in daily practice.

Information generated by Services of Clinical
Microbiology is the basis of directed therapy and
the cornerstone of empirical therapy. Early aware-
ness of pathogens responsible for a particular in-
fection and/or their susceptibility patterns allows and
facilitates the use of antimicrobials in a directed
manner. Moreover, protocols of empirical therapy
should be modified according to periodical infor-
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mation of pathogens that predominate most signif-
icantly in recovered samples and the results of sus-
ceptibility testing. Collaboration with the ICU can
be enhanced by holding joint meetings presenting
data on changes of infection indicators and resis-
tance markers, and discussing therapeutic strate-
gies in relation to the development of multiresistant
strains. Some hospitals have available ‘guidelines
for the use of antimicrobial agents’ with informa-
tion on rational use of antimicrobials for each type
of prophylaxis or infection reached by consensus.
Intensive care physicians responsible for control
and surveillance of infections and the use of anti-
microbials should participate in the preparation of
therapeutic protocols for the most frequent infec-
tions seen in the ICU.[61]

Restrictive policies in the area of antimicrobial
use vary from strict prohibition of the use of a par-
ticular antimicrobial to the requirement of a written
justification for the use of some antimicrobials or
of a previous consultation with an expert. These
policies, widely implemented in some countries,
are associated with a low level of adherence among
physicians and an excessive amount of bureau-
cracy that in the ICUs may led to nonadherence to

guidelines or to a lack of rigorousness in the infor-
mation requested.[62]

The development of computer-assisted man-
agement programs for antimicrobial use has given
a great impulse to the rational control of antimicro-
bials and to the possibility of eliminating restric-
tive strategies.[63,64] However, despite these
programmes, good communication with staff re-
sponsible for infectious diseases in each hospital
service, especially with those in ICUs, ensures not
only a correct use of antimicrobial agents but also
the introduction of early changes when incorrect
antimicrobial regimens are detected.
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