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1. INTRODUCTION

Critically ill-patients admitted to intensive care units (ICUs) are highly
susceptible to infections because of predisposing illnesses and the use of inva-
sive procedures, and are therefore exposed to high antibiotic pressure. Use of
antibiotics in the ICU must follow best clinical practice if the emergence of
resistance to antibiotics is to be minimised. Antibiotic resistance is an important
factor governing treatment success and mortality (Carmeli ef al., 2002; Kollef
and Ward, 1998; Kollef et al., 1999). The problem of resistance is greater in
ICUs than in other hospital wards or primary care centres (Archibald et al.,
1997; Hanberger and Nilsson, 2000; Hanberger et al., 2001a). Control of
antibiotic resistance, that is, detecting, monitoring, and fighting the emergence
of resistant bacteria is, therefore, especially important in the intensive care
environment. According to a recent review of European ICUs, the prevalence
of antibiotic resistance in bacteria was, with some exceptions, highest in ICUs
in Southern European countries and in Russia, and lowest in Scandinavia
(Hanberger et al., 2001a). This was also true for the key organism methicillin-
resistant Staphylococcus aureus (MRSA) (Regnier, 1996; Vincent ef al., 1995).
Antimicrobial resistance also varies markedly by region and ward level in the
United States, Canada, and Latin America with the highest resistance rates
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being found in Latin America (Burwen et al., 1994; Diekema et al., 1997,
Edmond ef al., 1999). As patterns of resistance change, physicians need to
reassess standard therapies to ensure appropriate antibiotic coverage.

2. ANTIBIOTIC CONSUMPTION IN ICUs

Because data on antimicrobial use are reported using various measurement
units, comparisons are only possible among ICUs using the same measure-
ment unit. Several studies have reported antibiotic use expressed as a number
of WHO Defined Daily Doses (DDD) per 1,000 patient-days in individual or
groups of European ICUs. Depending on the ICU, antibiotic use ranged from
490 to 3,456 DDD per 1,000 patient-days (Erlandsson et al., 1999; Gruson
et al., 2000; Hanberger et al., 2004; Kiivet et al., 1998; Lemmen ef al., 2000;
Naaber et al., 2000; Petersen et al., 1999; Vlahovic-Palcevski et al., 2000;
Walther et al., 2002).

In one study, Bergmans et al. (1997) used the prescribed daily dose (PDD)
as the measurement unit and reported 921 PDD per 1,000 patient-days in two
Dutch general ICUs in 1994. The ICARE DDDs developed to report antibiotic
use in Centers for Disease Control and Prevention (CDC) Project ICARE
represent a form of PDDs (Capella, 1993). In 40 US hospitals, which partici-
pated in Project ICARE during the period 19967, antibiotic use ranged from
413 to 927 ICARE DDD per 1,000 patient-days depending on the type of ICU
(ICARE Surveillance Report, 1999). It is important to note that this does not
correspond to total antibiotic use since Project ICARE did not collect data on
all antibiotic classes used in these ICUs.

Other studies have collected data at patient level and expressed antibiotic
use as the number of daily antibiotic treatments (all individual antibiotics
received on a single day are taken into account) per 1,000 patient-days.
In a group of four Danish ICUs, Petersen et al. (1999) reported that antimicro-
bial use ranged from 1,390 to 2,510 daily antimicrobial treatments per 1,000
patient-days. Although the highest use was reported from one ICU that
routinely used selective decontamination of the digestive tract (SDD),
antimicrobial use in this ICU is likely to have been underestimated
because multiple agents for the SDD protocol were recorded as one single
antimicrobial.

In the European Strategy for Antibiotic Prophylaxis (ESAP) study, the
median antimicrobial use (including antifungals) was 928 daily treatments per
1,000 patient-days (range: 355—1,686) in 21 ICUs that did not use SDD (Monnet
et al., 2000). In comparison, two ICUs that routinely used SDD reported 3,753
and 4,794 daily antimicrobial treatments per 1,000 patient-days and two other
ICUs that used SDD for very selected indications only reported 997 and 1,085
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daily antimicrobial treatments per 1,000 patient-days (Monnet et al., 2000). It
seems that, when routinely used, SDD may represent the largest part of overall
antimicrobial use in an ICU.

Data collected at patient level also allow the expression of antibiotic use in
terms of exposure, either as a number of antibiotic exposure-days (several
antibiotics received by a single patient on a single day count for one day of expo-
sure) per 1,000 patient-days or as a percentage of ICU patients who received at
least one antibiotic. Fischer et al. (2000) reported 546 antibiotic exposure-days
per 1,000 patient-days in a Swiss paediatric ICU in 1998-9. The European
Prevalence of Infection in Intensive Care (EPIC) one-day multicentre preva-
lence study performed in 1992 found that 62% of patients in 1,047 ICUs from
17 European countries received antibiotics (Vincent ef al., 1995). A German
point prevalence survey in 1994 found that 53% of ICU patients in 72 hospitals
received antibiotics (Gastmeier ef al., 2000). In a 3-month incidence study
performed in 49 Spanish ICUs in 1996, 53% of patients received antibiotics
(GTEI-SEMIUC, 1996). In the 21 ESAP ICUs that did not use SDD, a median
75% of patients received antimicrobials (range: 23—-100%) (ESAP, unpub-
lished data). Similar figures were found in a 2-week prevalence study carried
out in 2000 in 23 Swedish ICUs (Hanberger ef al., 2001b). Studies performed
in individual adult ICUs reported that 68—80% of patients received antibiotics
(Bourdain et al., 1999; Kollef et al., 2000; Rader et al., 1993; Tarp and Meller,
1997). In neonatal ICUs, studies performed in individual units showed that
24-46% of patients received antibiotics (Andersen and Meberg, 1999;
Borderon et al., 1992; Fonseca ef al., 1994; Tullus et al., 1988). However, much
higher percentages were reported in selected groups of neonates. For example,
the percentage of neonates receiving antibiotics was 92% in premature infants
weighing less than 1,500 g at birth (Fonseca ef al., 1994) and virtually 100%
in preterm neonates (<30 weeks) requiring mechanical ventilation (Gortner,
1993).

Some studies have attempted to compare antibiotic use in ICUs and other
hospital wards. In Project ICARE, the median rate of antibiotic use was higher
in adult ICUs than in non-ICU areas combined (Fridkin et al., 1999). This was
especially true for third-generation cephalosporins, intravenous vancomycin,
penicillins with anti-pseudomonal activity, and intravenous fluoroquinolones.
In three European hospitals, Kiivet ef al. (1998) reported that antibiotic use
expressed as a number of DDD per 1,000 patient-days was 2—6 times higher in
ICUs than in surgical and medical units. In one US hospital, the total number
of days of antibiotic therapy and total number of grams of antibiotic per
patient-day were 1.5 times greater in the ICU than in non-ICU areas (White
et al., 2000). In one Danish hospital, Tarp and Meller (1997), reported that
69% of patients in ICU received antibiotics as compared to only 24% and 17%
in surgical and medical wards, respectively. Finally, antibiotic pressure in ICUs
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is much higher than in primary care. In European Member States, antibiotic
use in primary care in 1997 ranged from 8.9 DDD per 1,000 inhabitant-days in
the Netherlands to 36.5 DDD per 1,000 inhabitant-days in France (Cars ef al.,
2001). Similar data from outpatients can be compared to antibiotic use in hospi-
tals (including ICUs), for example, 392 DDD per 1,000 patient-days in Danish
hospitals in 1999 (DANMAP, 2001) or in specific hospital areas such as ICUs
(see above, data in WHO DDD per 1,000 patient-days) since both one inhabi-
tant-day and one patient-day represent one person on a defined day.

3. ANTIBIOTIC RESISTANCE IN ICU
3.1. Enterobacteriaceae

The Gram-negative pathogens most frequently isolated from ICU infec-
tions are Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, and
Pseudomonas aeruginosa. The number of nosocomial infections caused by
Acinetobacter spp has increased in recent years because they are intrinsically
resistant to many of the commonly used antimicrobial agents. The carbapenems
are more active against E. coli and K. pneumoniae than the “third-generation”
cephalosporins, ceftazidime, and cefotaxime/ceftriaxone (Table 1). The preva-
lence of ESBL-producing strains amongst E. coli (0-23%) and K. pneumoniae
(5-64%) explains the difference in activities observed between these two
antimicrobial classes. ESBL production in Gram-negative bacteria may confer
resistance to virtually all commonly prescribed B-lactam antimicrobials, with
the exception of the carbapenems (Table 1).

A substantial increase in the levels of ciprofloxacin resistance in E. coli and
K. pneumoniae can be seen (Table 1). This is a cause for concern, especially as
these species are the most frequently isolated Enterobacteriaceae in the ICU
and can harbour ESBLs.

The resistance of E. cloacae to ceftazidime (19-68% —Table 1) is probably
due to either the selection of Enterobacter strains producing stable derepressed
constitutive chromosomal class I lactamases which hydrolyse most B-lactam
antibiotics (except carbapenems which show 0—6% resistance), or the spread of
Enterobacter strains, producing ESBL. The high level of use of B-lactam antibi-
otics such as amoxicillin, and second- and third-generation cephalosporins
probably explains the increased endemic prevalence of Enterobacter producing
class I B-lactamases. This endemic situation is also seen in Northern Europe
(Table 1).

An alarmingly high resistance to ciprofloxacin (31%) in Enterobacter spp
was seen in ICUs in Belgium in 1994-5 and in a European study in 1999 (20%)
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(Table 1). Quinolone resistance was markedly lower in a European study in 2001
(9%) and in Belgium in 2002 (9%) (Table 1). Ciprofloxacin resistance was
lower (0-9%) in Germany, Spain, Sweden, and Turkey (Table 1).

The explanation for this may differ between these countries and may
depend on low total quinolone consumption, more appropriate quinolone use,
the regional emergence and spread of epidemic multiresistant strains of
Enterobacter aerogenes, or better hygiene routines in hospitals, thereby pre-
venting outbreaks of quinolone-resistant Enterobacter spp. Carbapenems are
the most active agents against Enterobacter spp (Table 1).

3.2 Non-fermentative Gram-negative bacilli

The non-fermentative Gram-negative bacilli, Acinetobacter spp and
P aeruginosa, generally show lower levels of susceptibility than the Entero-
bacteriaceae to all antimicrobials. Imipenem and meropenem have a markedly
wider spectrum than other antibiotics when tested against Acinetobacter
spp. Against P aeruginosa, imipenem and meropenem also exhibit relatively
high activity, with meropenem having higher activity than imipenem (Table 1).
Piperacillin/tazobactam and ceftazidime were also active against many
P, aeruginosa (Table 1). An increase in quinolone and carbapenem resistance
among P, aeruginosa was seen in some studies (Table 1).

3.3. Coagulase-negative staphylococci (CoNS)

CoNS are low virulence pathogens. However, over the past two decades,
CoNS have been increasingly recognised as a prevalent cause of nosocomial
infection. For example, the NNIS and SCOPE studies rank CoNS as the most
common cause of nosocomial bloodstream infection in US ICUs (Edmond
et al., 1999; Fridkin et al., 1999) and the EPIC study found CoNS to be the
fourth most common cause of nosocomial infection when all sites of infection
were considered (Vincent ef al., 1995). Unfortunately, antimicrobial treatment
of CoNS is complicated by very high rates of oxacillin resistance worldwide.
The EPIC study, carried out in 1992 in 17 Western European countries,
demonstrated a 70% rate of oxacillin resistance in CoNS (Vincent et al., 1995).
More recent data from a European study revealed higher rates of oxacillin resis-
tance in CoNS from ICUs (88%) than non-ICUs (74%) (Rodriguez-Villabos
et al., 2000). North American data from 2001 revealed 84% of CoNS to be
oxacillin resistant (Stephen ef al., 2002). In a study performed in 1999-2000 at
16 Nordic centres, 68% of CoNS from ICU patients were oxacillin resistant,
but that was the case for only 33% of CoNS collected from patients at primary
care centres (Hanberger and Nilsson, 2000). Most oxacillin-resistant CoNS are
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Table 1. Surveillance of antibiotic resistance in European ICUs
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Escherichia coli

Reference Hanberger MYSTIC (2003) Ruckdeschel MYSTIC (2003) Hanberger MYSTIC (2003)
et al. (1999a) et al. (1998) et al. (1999a)
Country Belgium Belgium Germany Germany Spain Spain
Year 1994-5 1997-2002 1996-7 1997-2002 1994-5 1997-2002
NCCLS breakpoints I+R I+R R I+R I+R I+R
Ceftazidime 4 6* 0 8* 1 5%
Ceftriaxone/ 2 5% 0 2% 2 2%
Cefotaxime
Ciprofloxacin 6 10 6 15 14 20
Gentamicin 4 5 4 7 7 4
Imipenem 1 0 0 0 0 0
Meropenem — 0 — 0 — 0
Piperacillin-tazobactam 15 2 3 3 4 2
Enterobacter spp
Species Enterobacter spp  E. cloacae E. cloacae E. cloacae Enterobacter spp  E. cloacae
Year 1994-5 1997-2002 1996-7 1997-2002 1994-5 1997-2002
Ceftazidime 43 20 27 26 31 19
Ceftriaxone/Cefotaxime 37 20 — 26 30 24
Ciprofloxacin 31 3 0 3 4 1
Gentamicin 3 4 3 4 0
Imipenem 3 0 — 0 2 0
Meropenem — 0 — 1 — 0
Piperacillin—tazobactam 51 13 — 14 23 16
Klebsiella spp
Species K p K p Klebsiella spp K p i K p K p
Year 1994-5 1997-2002 1996-7 1997-2002 1994-5 1997-2002
Ceftazidime 3 17* 1 19* 4 6*
Ceftriaxone/Cefotaxime 6 15% 1 9* 4 10*
Ciprofloxacin 1 3 4 14 2 3
Gentamicin 2 9 2 10 5 7
Imipenem 0 0 0 0 0 0
Meropenem — 0 — 0 — 0
Piperacillin—tazobactam 14 7 10 13 3 1
Pseudomonas
aeruginosa
Year 1994-5 1997-2002 1996-1997 1997-2002 1994-1995 1997-2002
Ceftazidime 11 14 2 5 16 9
Ciprofloxacin 16 59 13 16 14 10
Gentamicin 23 12 — 23 18 11
Imipenem 16 17 7 5 22 20
Meropenem — 10 — 3 — 3
Piperacillin—tazobactam 13 14 4 4 8 10
Acinetobacter spp
Species Aci) b spp A i A b A. b A spp A i
Year 1994-5 1997-2002 1996-1997 1997-2002 1994-5 1997-2002
Ceftazidime 18 14 3 3 76 80
Ciprofloxacin 18 19 15 5 81 90
Gentamicin 18 14 — 4 81 86
Meropenem — 2 — 0 — 11
Imipenem 12 2 — 0 16 18
Piperacillin—tazobactam 36 12 0 2 58 79

*ESBL phenotype by NCCLS criteria.
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Hanberger MYSTIC Aksaray MYSTIC Mathai Garcia-Rodriguez Mathai Stephen
et al. (1999a) (2003) et al. (2000) (2003) et al. (2000) and Jones (2002) et al. (2000) et al. (2002)
Sweden Sweden Turkey Turkey Europe Europe USA USA

1997 1997-2002 1997 1997-2002 1999 2000 1997-9 2001
I+R I+R I+R I+R I+R I+R R I+R

1 2% 26 23%* 9 13 3% 8*

1 0* 25 27* 4 — 2% 4%

2 5 19 38 11 16 3 13

0 4 22 23 6 8 3 8

0 0 1 1 0 <l 0 0

0 2 — <l — 0

4 4 35 31 11 15 5 5
Enterobacter spp  E. cloacae Enterobacter spp E. cloacae Enterobacter spp E. cloacae Enterobacter spp  Enterobacter spp

1997 1997-2002 1997 1997-2002 1999 2000 1997-9 2001

19 22 68 42 40 53 33 28
30 — 70 39 37 — 30 23
3 1 8 9 20 9 6 11
0 0 44 — 9 14 9 4
0 0 4 0 6 1 <1 2
— 0 — 0 1 — 2
17 18 72 35 37 49 27 26
Klebsiella spp K. pneumoniae  Klebsiella spp K. pneumoniae Klebsiella spp K. p Klebsiella spp Klebsiella spp
1997 1997-2002 1997 1997-2002 1999 2000 1997-9 2001
1 5% 73 64* 39%* 41 10* 16*
1 69 57* 37* — 10* 15%
4 4 30 34 24 22 7 15
2 1 66 55 36 27 6 10
0 0 3 <l 0 1 0 0
— 0 — 4 1 — 0
10 3 76 50 32 32 9 10
1997 1997-2002 1997 1997-2002 1999 2000 1997-9 2001
2 11 57 56 29 29 24 23
8 26 56 61 40 45 20 30
14 6 70 81 44 46 15 19
16 18 52 57 38 36 15 22
— 11 — 50 34 31 — 20
0 10 53 44 36 19 12 13
Acinetobacter spp ~ A. b i Aci) b spp A b Acinetobacter spp A b Acil b Acin b
1994-5 1997-2002 1997 1997-2002 1999 1997-2000 spp 1997-9 2001
0 5 88 80 79 65 43 43
19 10 67 78 78 66 41 47
0 5 83 94 81 65 41 47
0 42 — 20 — 21
19 5 44 47 58 18 7 19
56 29 89 85 78 72 36 41
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resistant to many other antimicrobial classes (Diekema et al., 2001), which no
doubt has contributed to the widespread use of glycopeptides in the hospital set-
ting. Glycopeptide resistance has been well described in CoNS (Schwalbe et al.,
1987), but appears to be relatively uncommon in contemporary surveillance
studies. Of over 6,000 strains of CoNS collected between 1997 and 1999 from
centres worldwide, none were resistant to vancomycin, 1.9% had a vancomycin
MIC of 4 pg/ml, and 1.9% were resistant to teicoplanin (MIC 16 wg/ml)
(Diekema et al., 2001). Of the isolates collected from European centres, only
9 0f 2,068 CoNS strains (0.4%) were resistant to teicoplanin and none were resis-
tant to vancomycin (Diekema et al., 2001). As rates of glycopeptide resistance
rise, the use of newer agents for treatment of resistant Gram-positive pathogens
will increase. Three years of SENTRY surveillance (1997-9) revealed 99.9%
of CoNS to be inhibited by 4 pg/ml of linezolid, while 99% were inhibited by
1 pg/ml of quinupristin/dalfopristin (Diekema et al., 2001).

34. Staphylococcus aureus

S. aureus is one of the most virulent of human bacterial pathogens. Since
the emergence of the first oxacillin-resistant S. aureus (ORSA) strains in the
early 1960s, the spread of ORSA has been reported in Europe and throughout
the world. In the EPIC study, 60% of S. aureus isolates causing ICU infections
were oxacillin resistant (Vincent et al., 1995). However, the prevalence of
ORSA varied widely from country to country, with national oxacillin resis-
tance rates of approximately 80% in Italy and France, 77% in Greece, 67% in
Portugal and Belgium, 54% in Spain, 53% in Austria, 37% in Germany, 14%
in Switzerland, 13% in Great Britain, and no oxacillin resistance detected in
Norway, Holland, Sweden, or Denmark (Regnier, 1996; Vincent et al., 1995).
Voss et al. (1994) confirmed that ORSA prevalence in many European ICUs
exceeds 50% with the highest resistance rates seen in the countries of Southern
Europe. In 25 European centres, mean ORSA prevalence during 1997 in all
blood isolates collected from ICU patients was 39% and levels also varied
widely by country (Fluit ef al., 2001). In the 25 European centres, the mean
ORSA prevalence during 1997 in all blood isolates collected from ICU
patients was 39% and levels also varied widely by country. Overall, national
ORSA rates ranged from <5% in Germany, Switzerland, and the Netherlands
to >50% in Italy and Portugal (Fluit ef al., 2001). These data are consistent
with other data from the Netherlands and Germany that reveal low rates of
oxacillin resistance in S. aureus (Ruckdeschel et al., 1998).

In other areas of Northern Europe, a recent study performed in 16 Nordic
centres in 1999-2000 showed an oxacillin resistance rate in ICUs of only 3%
(Hanberger and Nilsson, 2000).
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In the United States, ORSA rates in S. aureus are high in ICUs—
approximately 40% in a study performed in 1994-5 in eight geographically
separate hospitals (Archibald ef al., 1997). Data collected in 2001 reported a
51% rate of oxacillin resistance in isolates of S. aureus from ICU patients
(Stephen et al., 2002). Finally, in a European study performed in 2000,
Rodriguez-Villalobos ef al. (2002) showed that 47% of S. aureus isolates
collected from ICU patients were oxacillin resistant compared to 25% of
isolates from non-ICU patients.

Most strains of ORSA are resistant to multiple drugs, but co-resistance pat-
terns vary from region to region. Using representatives of eight different classes
of antimicrobial agents (gentamicin, rifampicin, chloramphenicol, ciprofloxacin,
tetracycline, clindamycin, erythromycin, and trimethoprim/sulfamethoxazole),
all ORSA strains from 1997 to 1999 were examined with respect to the mean
number of co-resistances by country and region (Diekema et al., 2001). The
highest co-resistance rates were found in Latin America (mean = 4.7) and the
Western Pacific (mean = 5.7). ORSA from European centres had a mean of 4.5
co-resistances: over 89% were resistant to ciprofloxacin, 83% to erythromycin,
74% to clindamycin, and 72% to gentamicin. Such high rates of co-resistance in
ORSA underscore the importance of developing newer agents to treat serious
infections caused by ORSA. Scattered reports of serious infections caused by
ORSA with decreased susceptibility to the glycopeptides have been appearing in
the literature since 1997 (CDC, 1997).

If glycopeptide resistance becomes widespread in ORSA, additional thera-
peutic options will be required. Fortunately, glycopeptide resistance in ORSA
appears to be neither common nor widespread. Of over 15,000 clinical strains
of S. aureus collected between 1997 and 1999 from SENTRY centres world-
wide (including 3,477 strains from European centres), none were resistant to
vancomycin. However, nine strains (or 0.3%) from European centres had an
MIC to vancomycin of 4 wg/ml and one strain (0.03%) was resistant to
teicoplanin (MIC > 16 wg/ml) (Diekema et al., 2001). In addition, all ORSA
in this study were inhibited by 4 jg/ml of linezolid, and 98% were inhibited by
1 g/ml of quinupristin/dalfopristin. These newer agents appear to be promis-
ing alternatives to the glycopeptides for the treatment of strains of ORSA that
are resistant to multiple drugs.

The first documented case of infection caused by vancomycin-resistant
S. aureus (VRSA) was reported in the United States in 2002 (CDC, 2002). The
MIC results for vancomycin, teicoplanin, and oxacillin were >128, 32, and
>16 pg/ml, respectively. The isolate contained the vand vancomycin resis-
tance gene from enterococci, which is consistent with the glycopeptide MIC
profiles. It also contained the oxacillin-resistance gene mecA. The isolate
was susceptible to chloramphenicol, linezolid, minocycline, quinupristin/
dalfopristin, tetracycline, and trimethoprim/sulfamethoxazole.
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3.5. Enterococci

The incidence of resistance among Enterococcus faecium was 10% for
vancomycin, 7% for teicoplanin, 53% for ampicillin, and 30% for aminoglyco-
side (high-level resistance) according to a study performed in 1997-8 in
25 European hospitals (Fluit et al., 2001). No glycopeptide resistance, less
than 1% ampicillin resistance and 32% high-level aminoglycoside resistance
was seen among Enterococcus faecalis, which were isolated five times more
frequently than E. faecium (Fluit et al., 2001). No vancomycin-resistant ente-
rococci (VRE) were seen in Enterococcus spp collected in a European study in
1999 (Mathai et al., 2000). Similarly, a study performed in ICUs in 16 Nordic
centres in 1999-2000 showed a VRE prevalence below 1% (Hanberger and
Nilsson, 2000). Data collected in 2001 from European ICUs showed a 3% rate
of VRE in isolates of E. faecalis from ICU patients compared to 1% VRE in
non-ICUs (Rodriguez-Villabos et al., 2002).

The VRE problem is more widespread in North American ICUs according
to the study carried out by Fridkin ef al. (1999) in 1996-7, showing an overall
VRE prevalence in ICUs in the United States of 13% which is higher than
that reported in the study carried out in 1994-5 by Archibald ef al. (1997).
In a more recent study performed during 2001 in North American ICUs,
Stephen et al. (2002) found 28% VRE among Enterococcus spp.

4. IMPROVING ANTIBIOTIC PRESCRIBING

4.1. The impact of antibiotic policies and antibiotic
consumption on antibiotic resistance

Controlling antibiotic resistance requires not only improved antibiotic
usage but also better compliance with infection control practices—in particu-
lar, hand disinfection. Emergence of antibiotic resistance in the ICU setting
may be due to the development of resistance during therapy, or to the selection
and overgrowth of preexisting resistant flora. These processes can be pre-
vented by reducing the use of antibiotics, selecting narrow-spectrum drugs
with low ecological impact, or by using bactericidal drugs that discourage
mutations. However, the spread of resistant clones of, for example, MRSA,
ESBL, or VRE from patients already colonised or infected with these resistant
bacteria on admission or acquired within the ICU (Bonten and Mascini, 2003)
has to be controlled by hygiene measures such as isolation and improved hand
hygiene. Various strategies have been tried to limit antibiotic resistance (Diaz
and Rello, 2002). However, some basic requirements must first be met and
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these are: reducing unnecessary use of antibiotics, selecting the proper dose,
frequency, route of administration and duration of treatment, and monitoring
drug levels, when appropriate.

Adverse outcomes resulting from inadequate antimicrobial treatment of infec-
tions caused by antibiotic-resistant bacteria have been shown in studies by Kollef
et al. (1998, 1999) and Zaidi et al. (2002). As resistance patterns change, physi-
cians need to re-evaluate standard therapies to ensure appropriate antibiotic
coverage. However, it is important to have quality control of anti-biotic therapy
and all ICUs need locally adapted guidelines for the prudent use of antibiotics,
including restricted use of prophylactic and therapeutic antibiotics which affect
local resistance patterns (Albrich ef al., 1999). The use of SDD has been associ-
ated with the emergence of antibiotic-resistant bacterial strains, limiting its use-
fulness. The routine use of SDD has not been advocated because individual trials
have failed to demonstrate any reduction in mortality (Bonten et al., 2003; Kollef,
2003). However, a recent Dutch study has shown improved patient survival and
lower prevalence of antibiotic resistance in ICU-patients receiving SDD (de
Jonge et al., 2002), but the findings are under debate and need to be confirmed.
Moreover, as the prevalence of antibiotic resistance is very low in the Netherlands
compared to Southern Europe and the Americas, the extrapolation of the resis-
tance findings to ICUs in other countries may not be valid (Bonten ef al., 2003).

Several studies have shown that antimicrobial control has a beneficial effect
on resistance patterns. Indeed, a recent study has reported the results of a new
programme of antibiotic strategy control (Gruson et al., 2000). In that study,
rotation and restricted use of antibiotics in a medical ICU reduced the incidence
of ventilator-associated pneumonia caused by antibiotic-resistant Gram-negative
bacteria (Gruson et al., 2000). In addition, Burke and Pestotnik (1999) showed
that a computer-assisted decision support programme for antibiotic prescribing
had the potential to stabilise bacterial resistance in the ICU. It is difficult to
design a study that can prove that any reduction in colonisation or infections
caused by antibiotic-resistant pathogens is due to a change in antibiotic policy,
as it would be difficult to allow for improved compliance with hygiene instruc-
tions that could also lead to reduced cross-transmission of antibiotic resistant
clones (Struelens et al., 1999). In a recent study, Allaouchiche et al. (2002)
showed concomitant variations of antimicrobial use and the incidence of
ICU-acquired infections due to third-generation cephalosporin-resistant Gram-
negative bacilli, carbapenem-resistant Gram-negative bacilli, or MRSA over a
S-year period in a French ICU. Interestingly, the same study showed a protective
effect of an increase in the use of medicated soaps plus alcoholic hand rubs on
the incidence of ICU-acquired infections due to these resistant bacteria
(Allaouchiche et al., 2002).

In the ESAP study, having a list of antibiotics subject to restricted use and
reporting excellent communication between senior and junior doctors were
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independent factors associated with low total antimicrobial use (Monnet et al.,
2000). Reduction of the duration of therapy is another method of reducing
antibiotic resistance (Baughman, 2002; Ibrahim et al., 2001; Singh et al., 2000).

4.2. Antibiotic cycling and their role in
reducing resistance

Antibiotic cycling has been suggested as a strategy for discouraging the
emergence of antimicrobial resistance. The concept is to withdraw an antibi-
otic or class of antibiotic from use in order to allow resistance rates to decrease
or stabilise (Bonten, 2002). However, conflicting results have been reported in
studies of antibiotic cycling and the results are inconclusive. In an early study
of antibiotic cycling, Gerding ef al. (1991) evaluated cycling of aminoglyco-
sides and could demonstrate that a change to amikacin caused a 50% reduction
in gentamicin resistance in Gram-negative bacteria but gentamicin resistance
increased when it was reintroduced. The use of aminoglycosides also
decreased during the study period. In another more recent antibiotic cycling
study, Raymond ef al. (2001) demonstrated a reduced incidence of antibiotic-
resistant bacteria, but the study was not controlled for the relative contribution
of decreased emergence of resistance vs control of cross transmission.
Mathematical modelling may be used to design prospective cycling studies
(Bonten et al., 2001).

4.3. IT and benchmarking to improve
antibiotic prescribing

As most antibiotic use in the ICU is empirical, it is important to know the
most prevalent pathogens and their local resistance patterns. These data can be
easily provided via the Intranet or Internet if the clinical microbiology labora-
tory is computerised. Providing physicians with pathogen frequency, suscepti-
bility data by ward level and site of infection, and patient-specific clinical
information has been shown to improve antibiotic selection, control antibiotic
costs, and slow the emergence of resistance (Evans et al., 1998; Pestotnik
et al., 1996). The selection of antibiotics in the hospital setting is still a largely
manual task and therefore fraught with potential errors (Bailey and McMullin,
2001). These include overuse of antibiotics, choice of inadequate agents, and
dosage regimens. The decision process for antibiotic prescriptions in the ICU
setting was investigated in a Swedish study carried out in 2000 (Hanberger
et al., 2001b). Three of four ICU patients were treated with antibiotics (see
above). Most prescriptions were strictly empirical and only 27% were based
on a positive culture with or without an antibiogram, and only 8% of the
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prescriptions were accompanied by a preliminary discontinuation date. In
order to improve antibiotic use in the ICUs, more microbiological information
as well as patient-specific clinical information must be made available to the
prescriber. Improving antibiotic prescribing by using information systems
is technically feasible, but commercial solutions are still suboptimal (Bailey
and McMullin, 2001). Another option is to use an antibiotic stewardship
team working in concert with critical care specialists in choosing optimal
empirical regimens and in streamlining therapy once culture results are avail-
able (Paterson, 2003).

Interventions aimed at controlling the use of antibiotics require education
and access to local data on antibiotic resistance and consumption. Therefore, a
national ICU-surveillance programme, ICU-STRAMA was developed in
Sweden in 1999, with the aim of aiding clinicians by providing feedback
on local antibiotic consumption data and bacterial resistance patterns (ICU-
STRAMA, 1999-2000). Local multidisciplinary ICU groups consisting of
specialists in intensive care, infectious diseases, and infection control, as well as
pharmacists, microbiologists, and others have formulated local policies using
the information in the database which is easily accessible through a website.
Person-to-person interactions are likely to be too time-consuming and unsus-
tainable in the long term. By using the Internet, it will be possible to create a
sustainable programme for the coordinated collection of information about
antibiotic policy, antibiotic use, antibiotic resistance, infection control, and
intensive care demography. The susceptibility of clinical isolates to important
drugs has been high in Swedish ICUs, despite comparatively high consumption
of antibiotics which may be due to the moderate ecological impact of the drugs
chosen and the positive impact of hospital hygiene on the resistance rates. It is
difficult to measure the effect of a bench programme such as ICU-STRAMA on
antibiotic resistance in a low-level resistance ICU setting, but Fridkin et al.
(2002) showed that monitoring antimicrobial use and resistance and promoting
changes of practice in specific ICUs were associated with decreases in ICU
vancomycin use and VRE prevalence.

S. INFECTION CONTROL

The effectiveness of infection control measures in the prevention and con-
trol of the spread of resistant bacteria has been convincingly demonstrated
(Bergogne-Berezin, 1999; Eggimann et al., 2000; Lingnau and Allerberger,
1994; Souweine et al., 2000). Since bacteria can be transmitted on the hands of
healthcare workers, the most effective way to prevent patient-to-patient spread
of resistant pathogens is by maintaining good hand hygiene (Scott, 2000). Both
hand washing and the use of alcohol-based hand disinfectants are effective
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ways of reducing bacterial carriage on the hands of healthcare workers.
However, alcohol-based hand disinfectants may provide superior efficacy and
fewer barriers to healthcare worker compliance (Voss and Widmer, 1997).
Pittet e al. (2000) recently published data suggesting a decline in nosocomial
infection rates and ORSA prevalence after the introduction of these products
into routine use in a large university hospital. Additional infection control
measures (e.g., use of gloves and gowns) are necessary to prevent spread of
pathogens like ORSA and VRE, which are known to contaminate the environ-
ment around infected or colonised patients (Boyce ef al., 1997; Rhinchart
et al., 1990; Srinivasan et al., 2002). The Center for Disease Control and
Prevention publishes literature-based recommendations for the prevention and
control of selected resistant bacterial pathogens (www.cdc.gov).
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