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Abstract Objective: To study anti-
microbial use for benchmarking and
ensuring quality of antimicrobial
treatment and to identify risk factors
associated with the high use of an-
timicrobials in German intensive
care units (ICUs) through imple-
mentation of the SARI (Surveillance
of Antimicrobial Use and Antimi-
crobial Resistance in ICUs) system.
Design: Prospective, unit-based sur-
veillance on antimicrobial use from
February, 2000, until June, 2002. The
data are standardised by use of the
defined daily dose (DDD) for each
antimicrobial defined by the WHO
and by calculating use per 1000 pa-
tient days. Setting: The data were
obtained from 35 German ICUs
and stratified by type of ICU (medi-
cal, surgical, interdisciplinary).
Results: To date, the project covers a
total of 266,013 patient days in 744
reported ICU months and 354,356
DDDs. Mean antimicrobial use den-
sity (AD) was 1,332 DDD/1000 pa-
tient days and was correlated with
length of stay. Penicillins with beta-
lactamase inhibitor (AD 338.3) and
quinolones (155.5) were the antimi-
crobial group with the highest ADs.
Comparison with US ICARE (Inten-
sive Care Antimicrobial Resistance
Epidemiology)/AUR (Antimicrobial
Use and Resistance) data revealed a
higher AD for glycopeptides and 3rd
generation cephalosporins in ICARE/

AUR ICUs, but a higher AD for
carbapenems in German SARI ICUs
regardless of the type of ICU. In the
multivariate analysis, length of stay
was an independent risk factor for an
AD above the 75% percentile of the
total amount of antimicrobials used
(OR 1.96 per day); likewise, for the
AD above the 75% percentile of
carbapenems (OR 1.90 per day) and
penicillins with extended spectrum
(OR 2.01 per day). High use of gly-
copeptides and quinolones (AD
>75% percentile) correlated with
central venous catheter (CVC) rate
(OR 1.14 per CVC day per 100 pa-
tient days and 1.16, respectively).
Conclusion: The SARI data on an-
timicrobials serve ICUs as a bench-
mark by which to improve the quality
of antimicrobial drug administration
and for international comparison.
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Introduction

The European Commission and the World Health Orga-
nisation (WHO) have recognised the importance of pru-
dence in the use of antimicrobial agents [1]. Beside the
contribution of antimicrobials to the treatment of infec-
tious diseases, antimicrobial use has been accompanied
by an increasing prevalence of micro-organisms resistant
to one or more antimicrobials [2]. Inappropriate use of
antimicrobials and antimicrobial resistance pose a threat
to public health, are costly and have economic and eco-
logical implications for society [3].

The intensive care setting is of principal interest be-
cause of the frequent and extended use of antimicrobials
and invasive devices, the acute or chronic suppression of
the immune system in ICU patients, the higher nursing
index compared to non-ICU areas and the increased
likelihood of cross transmission of resistant pathogens.
This makes ICUs a high-risk area for the selection and
spread of antimicrobial-resistant bacteria [4]. Although
many possible methods have been proposed to reduce
inappropriate antimicrobial use, it may be difficult to
decide which one will prove successful in a particular
setting [5]. Comparison of data as a benchmarking in-
strument is an important initial step, and serves to help
participating ICUs recognise problems and improve an-
timicrobial use.

The SARI project is supported by the German Ministry
of Science and Education (BMBF). The main objective
of the project is to provide information on the use of an-
timicrobials in a subset of KISS (Krankenhaus = hospital
infection surveillance system) hospitals and on the per-
centages of resistant bacterial pathogens isolated in the mi-
crobiology laboratories of these hospitals. KISS provides
reference data on hospital infections throughout Germany
(www.nrz-hygiene.de). ICU-specific, national reference
data concerning both these questions have been collected.
Project SARI attempts to investigate the relationship be-
tween antimicrobial use and the resistance of the most
common organisms causing nosocomial infections.

This work reports the first results on the surveillance of
antimicrobial use and antimicrobial resistance in intensive
care units (SARI), which is the first of its kind in Europe.
This paper presents and analyses the antimicrobial use
data of 35 German ICUs over a period of more than
2 years (2/2000–6/2002). Data on antimicrobial resistance
and the relationship between antimicrobial use and re-
sistance will be published in a second paper.

Methods

Participating hospitals

Hospitals participating in the ICU surveillance component of the
KISS ICU system were invited to join the SARI project. In order to
provide data on ICU-associated infections, KISS, the German no-

socomial infections surveillance system, was established in 1997,
using a surveillance protocol based on the national nosocomial
infections surveillance (NNIS) system. The ICU surveillance
component focuses on lower respiratory tract infections (pneumo-
nia and bronchitis), blood stream and urinary tract infections in
intensive care units. National reference data are generated for de-
vice-associated infection rates. This surveillance component is unit-
based. Until 12/2002 KISS included 274 ICUs and 2,145,793 pa-
tient days. The methods employed in the projects KISS and SARI
are described in greater detail elsewhere [6, 7].

Pharmacy data

Participating ICUs reported oral and parenteral antimicrobials in
grams monthly. The quantity of antimicrobial drugs was stan-
dardised by conversion to defined daily doses (DDDs) according to
the ATC classification employed by the WHO [8]. All the anti-
microbial classes (see corresponding ATC codes in the ESM) and
all antimicrobials used by the participants were surveyed. Details
are provided in the appendix for ATC codes. A DDD is defined as
the assumed average maintenance dose per day for a drug used for
its main indication in adults. It should be emphasised that the DDD,
especially in ICUs, is a unit of measurement and does not neces-
sarily reflect the recommended or prescribed daily dose. To control
the population size at risk of receiving antimicrobials, we deter-
mined the antimicrobial use density (AD), expressed as DDD per
1000 patient days for each antimicrobial agent. To derive the
number of DDDs per 1000 patient days, the pooled number of
grams of each antimicrobial applied in the ICUs per month was
divided by the number of grams per DDD for a specified antimi-
crobial; this figure was then divided by the number of patient days
in the respective ICU and multiplied by 1000.

AD ¼ antibiotic use

defined daily dose
� 1000
patient days

In addition, the total AD of all antimicrobials in WHO ATC group
J01 used by the participating ICUs and ADs of antimicrobial groups
were calculated. Participating ICUs were stratified by type of
hospital (university, affiliation to medical school and others) and by
type of ICU (interdisciplinary, surgical and medical). Statistical
data on antimicrobial use was fed back on a quarterly basis to
participating ICUs.

Surveillance data on nosocomial infections

Data on patient characteristics were obtained from the KISS sys-
tem, i.e. device-associated nosocomial infection rates (pneumonia,
blood stream infection and urinary tract infection), device days and
mean length of stay. The incidence density of nosocomial infec-
tions was calculated by relating the number of device-associated
nosocomial infections to 1000 patient days or 1000 device days,
respectively. KISS focuses on the most important ICU infections
(in the application of Centers for Disease Control and Prevention
[CDC] definitions of nosocomial infections [9]): ventilator-associ-
ated pneumonia; central venous catheter-associated bloodstream
infection and catheter-associated urinary tract infection.

Statistical analysis

The pharmacy data were analysed quarterly by using SAS version
8.01 software (SAS). The key percentile distributions of ADs were
calculated and pooled over time. As the distribution of ADs was
generally skewed, we applied non-parametric tests. For the analysis
of ADs by type of ICU, differences between the antimicrobial
groups were tested with the Wilcoxon-W test for two samples (e.g.
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surgical versus non-surgical). To evaluate the change in ADs over
time, quarterly ADs were adapted to a linear regression model for
all ICUs together and individually by ICU type.

To identify risk factors for high use density, univariate and
multivariate analyses were carried out. In the univariate analysis we
determined Spearman-correlation for continuous variables. For
significant correlation we generated scatter plots with linear trends.
Differences between the categories (e.g. university versus non-
university) were tested using the Wilcoxon-W test. In the multi-
variate analysis we performed the logistic regression model by
forward stepwise selection. The value of the 75th percentile of
antimicrobial use density was used to differentiate between high
and less high use density in the logistic regression model. The
following risk factors were analysed: size of hospital (�200, 201–
400, 401–600, >600 beds) and, as continuous variables, number of
ICU beds, incidence density of nosocomial infections (number of
nosocomial infections per 1000 patient days), urinary catheter-as-
sociated urinary tract infection rate (number of catheter-related
urinary tract infections per 1000 urinary catheter days), central line-
associated blood stream infection rate (number of central line-as-
sociated blood stream infections per 1000 central line days), ven-
tilator-associated pneumonia rate (number of ventilator-associated
pneumonia per 1000 ventilation days), length of stay (days), central
venous catheter utilisation (central line days per 100 patient days),
ventilator utilisation rate (ventilator days per 100 patient days) and
urinary catheter utilisation rate (number of urinary catheter days per
100 patient days).

To compare antimicrobial use data between SARI and ICARE/
AUR, data that are widely published, the SARI data were calculated

according to the antimicrobial group classification and DDDs used
by ICARE/AUR [10]. Differences between antimicrobial use den-
sity in project ICARE/AUR and SARI were tested by one-sample
Wilcoxon rank sum test. The significance level was set at an alpha
of 0.05.

Results

Participating hospitals

Surveillance of antimicrobial use and antimicrobial re-
sistance in intensive care units (SARI) started in 2/2000
with 12 ICUs. By 2001 the number had increased to 35
ICUs. Twenty KISS hospitals representing 35 ICUs sub-
mitted data to SARI and the ICU component of the KISS
system. The 35 ICUs in 17 geographically separated lo-
cations represent different categories of number of beds
and teaching affiliation: thirteen of these belong to uni-
versity hospitals, 16 are affiliated to a medical school and
6 ICUs are located in other hospitals. Twenty-six ICUs
are located in hospitals with more than 600 beds; only one
is in a hospital with fewer than 200 beds. The number of
beds per ICU ranges from 6 to 26, and almost half of the

Table 1 Pooled mean and percentiles of the distribution of antimicrobial use density 2/2000–6/2002, all SARI ICUs (n=35), number of
patient days: 266,013

Antimicrobial group (ATC WHO) / Antimicrobials No. DDD Mean AD 25th percentile Median 75th percentile

Total antimicrobial use 354,356 1332.0 1046.6 1299.6 1658.9
1. Beta-lactamase sensitive penicillins 4,174 15.7 2.5 10.5 25.1
2. Penicillins with extended spectrum 18,707 70.3 25.8 65.5 114.9
3. Beta-lactamase resistant penicillins 8,182 30.8 2.4 5.8 26.5
4. Penicillins with lactamase inhibitor 89,991 338.3 165.1 248.4 491.4
5. 1st generation cephalosporins 12,408 46.8 0.0 3.7 75.4
6. 2nd generation cephalosporins 33,101 124.6 59.4 102.4 166.6
7. 3rd generation cephalosporins 29,078 109.5 82.9 106.1 145.9
8. Carbapenems 22,258 83.7 37.2 63.0 115.6
9. Glycopeptides 11,265 42.3 18.4 28.9 55.9

10. Quinolones 41,396 155.5 91.0 130.7 215.2
11. Trimethoprim-sulfonamide 7,245 27.2 0.0 15.5 33.4
12. Tetracyclines 1,573 5.9 0.0 5.8 17.9
13. Macrolides 21,411 80.9 24.3 59.2 90.9
14. Aminoglycosides 14,876 56.1 24.1 54.0 83.5
15. Imidazoles 13,851 52.1 10.2 55.2 98.2

No. DDD number of defined daily doses, AD DDD/1000 patient days, ATC codes see appendix
1. Benzylpenicillin
2. Ampicillin, amoxicillin, mezlocillin, piperacillin
3. Flucloxacillin, oxacillin
4. Amoxicillin-clavulanic acid, ampicillin/sulbactam, piperacillin-tazobactam
5. Cefazolin, cefalexin
6. Cefuroxime, cefotiam, cefaclor
7. Cefotaxime, ceftazidime, ceftriaxone, cefepime, cefixime, cefpodoxine
8. Imipenem, meropenem
9. Vancomycin, teicoplanin
10. Ciprofloxacin, ofloxacin, levofloxacin, moxifloxacin, norfloxacin
11. Sulfamethoxazol/trimethoprim
12. Doxycycline
13. Erythromycin, roxithromycin, clarithromycin, azithromycin
14. Gentamicin, streptomycin, tobramycin, neomycin, amikacin, netilmicin
15. Metronidazole
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ICUs (17) have between 9 and 14 beds. Fourteen of the
ICUs are interdisciplinary, 11 are surgical or neurosur-
gical and 10 are medical. All of them reported data for at
least 13 months (total number of months of participation:
744, ranging from 13 to 29 months).

Antimicrobial use density

The data on antimicrobial use were collected from 35
ICUs covering 354,356 DDDs during 744 reported ICU
months and 266,013 patient days. Table 1 provides data on
the number of DDDs, the mean antimicrobial ADs and key
percentiles (25th, median and 75th). The mean AD was
1,332 DDDs/1000 patient days during the period 2/2000–
6/2002 (median AD 1300). Pooled antimicrobial ADs for
all ICUs revealed the highest ADs for penicillins with
beta-lactamase inhibitors followed by quinolones, second
generation cephalosporins, third generation cephalosporins
and carbapenems (Table 1).The most frequently applied
single antimicrobial agent was amoxicillin/clavulanic acid
(number of DDDs 55,216, AD 208), followed by paren-
teral ciprofloxacin (number of DDDs 27,579, AD 104),
parenteral cefuroxime (number of DDDs 24,264, AD 91),
ampicillin-sulbactam (number of DDDs 19,109, AD 71.8),
erythromycin (number of DDDs 15,874, AD 59.7), met-
ronidazole (number of DDDs 13,500, AD 50.8) and
imipenem (number of DDDs 13,132, AD 49.4).

In Fig.1, the median antimicrobial ADs were stratified
according to type of ICU. The median of total antimi-
crobial use was 1,252 for interdisciplinary ICUs, 1,386 for

surgical ICUs and 1,483 for medical ICUs. Although the
preferred antimicrobial group was penicillins with lacta-
mase inhibitor followed by quinolones in all types of ICU,
other differences were found among the different types of
ICUs. Carbapenems (mean AD 107, median AD 113) and
glycopeptides (mean AD 57, median AD 36) were used
almost twice as frequently in surgical ICUs compared with

Fig. 1 Median antimicrobial
use density (AD) in defined
daily doses per 1,000 patient
days by type of ICU, SARI 02/
2000–06/2002

Fig. 2 Scatter plot of total antimicrobial use density and mean
length of stay, SARI ICUs (n=35) from 2/2000 to 6/2002, each
point represents one ICU
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interdisciplinary ICUs (mean AD 64, median AD 51 and
mean AD 30, median AD 22, respectively), whereas
medical ICUs had an at least four-fold higher AD for
macrolides (mean AD 151, median AD 89) than surgical
ICUs (mean AD 34, median AD 30). ADs differed sig-
nificantly by type of ICU for glycopeptides (interdisci-
plinary/non-interdisciplinary ICUs, p=0.015), macrolides
(medical/non-medical ICUs, p=0.033; surgical/non-surgi-
cal ICUs, p=0.017) and penicillins with extended spectrum
(surgical/non-surgical ICUs, p=0.022).

From 2/2000 to 6/2002 a significant increase was ob-
served in the AD of penicillins with extended spectrum
(p<0.001) and a significant decrease in the AD of 2nd

generation cephalosporins (p=0.02) for all types of ICUs.
The application of glycopeptides (p=0.042), carbapenems
(p=0.048), penicillins with beta-lactamase inhibitor (p=
0.002), quinolones (p=0.033) and macrolides (p=0.01)
also decreased significantly in interdisciplinary ICUs.

During the observation period, total antimicrobial use
was significantly correlated with mean length of stay in

the intensive care unit (Fig. 2). No difference in the
overall use density could be shown by stratifying ac-
cording to ICU teaching affiliation (university versus non-
university) or according to the number of hospital beds
(fewer or more than 600 beds). However, ICUs in hos-
pitals with more than 600 beds had a significantly higher
carbapenem and glycopeptide use. Furthermore, there was
a positive correlation between the ventilator utilisation
rate and the use of quinolones, whereas there was a
negative correlation between the rate of ventilator-asso-
ciated pneumonia and the use of quinolones.

The univariate analysis did not show a relationship
between total antimicrobial AD and the recorded rate of
nosocomial infections in the ICUs (Table 2). The device-
associated nosocomial infection rate was correlated with
mean length of stay (correlation coefficient 0.34, p=0.045).

In the multivariate analysis, the parameters indepen-
dently associated with an antimicrobial use density higher
than 75% percentile of all participants are shown in Ta-
ble 3. The data on mean and median antimicrobial usage

Table 2 Correlation coefficients between antimicrobial use density with different parameters of SARI ICUs (n=35), 2/2000–6/2002,
univariate analysis

Parameter Antimicrobial use density

Total Car-
bapen-
ems

Quin-
olones

Extended
spectrum
Pen.

Pen. +
BLI

2nd Gen.
Cephalo-
sporins

3rd Gen.
Cephalo
sporins

Gly-
copep-
tides

Makro-
lides

Amino-
glyco-
sides

Size of hospitals 0.27 0.51* 0.22 �0.21 0.08 0.06 0.20 0.47* 0.02 �0.03
Number of ICU beds �0.28 �0.01 �0.11 �0.17 �0.01 �0.27 �0.18 �0.20 �0.26 �0.28
Mean length of stay 0.55* 0.51* 0.46* 0.05 0.21 0.09 0.09 0.41* 0.03 0.10
Incidence density of NI 0.08 0.23 0.09 �0.08 �0.04 0.01 �0.03 0.43* �0.11 0.17
Ventilator-assoc.

pneum. rate
�0.20 �0.12 �0.39* 0.17 �0.07 �0.14 0.01 �0.12 �0.03 0.06

CVC-assoc. BSI rate 0.24 0.23 0.48* �0.18 0.05 0.28 0.14 0.47* 0.00 0.13
Urinary catheter-assoc.

UTI rate
�0.04 0.23 �0.06 �0.12 0.09 �0.20 0.07 0.26 �0.07 �0.03

Mean ventilator
utilization rate

0.23 0.25 0.38* �0.11 �0.05 0.17 �0.08 0.43* �0.21 0.28

Mean CVC
utilization rate

0.28 0.32 0.40* �0.19 �0.09 0.33 �0.06 0.57* �0.23 0.34*

Mean urinary catheter
utilization rate

0.22 0.20 0.33 �0.09 �0.05 0.28 �0.06 0.38* �0.30 0.26

Pen. penicillin, BLI beta-lactamase inhibitor, Gen. generation, NI nosocomial infection, assoc. associated, pneum. pneumonia, UTI urinary
tract infection, CVC central venous catheter, BSI blood stream infection
* Correlation is significant at a level of 0.05

Table 3 Independent risk fac-
tors for an antimicrobial use
density higher than 75% per-
centile of SARI ICUs (n=35), 2/
2000–6/2002, multivariate
analysis, logistic regression

Antimicrobial use density
>75% percentile

Risk factor Odds ratio (95% CI) p
value

Total antimicrobial use density Length of stay 2.82 (1.19–6.631) 0.02
Number of ICU beds 0.63 (0.41–0.98) 0.04

Quinolones Rate of CVC 1.16 (1.03–1.30) 0.02
Glycopeptides Rate of CVC 1.14 (1.02–1.27) 0.02
Carbapenems Length of stay 1.90 (1.00–3.60) 0.05
Penicillins with extended spectrum Length of stay 2.01 (1.05–3.85) 0.03

CI confidence interval, CVC central venous catheter
Length of stay (days), range 2.5–8.0, median 4.7
Number of ICU beds (n), range 6–26, median 12
Rate of CVC (number of central venous catheters per 100 patient days), range 46.5–97.5, median 78.5
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density of different antimicrobial groups and agents of
German SARI ICUs and US American ICARE/AUR
ICUs are provided in Table 4. Because Project ICARE/
AUR did not report antimicrobial use in WHO DDDs/
1000 patient days, the AD for SARI ICUs were recalcu-
lated in ICARE/AUR DDDs/1000 patient days.

Discussion

We present the first data collected by SARI on antimi-
crobial use in German ICUs. These may serve as refer-
ence data and can be of service in understanding the re-
lationship between antimicrobial use and the emergence
of resistance.

Only one out of the 35 ICUs providing data is located
in a hospital with fewer than 200 beds, but the total an-
timicrobial AD did not differ significantly by size of
hospital or type of ICU. However, the ADs of antimi-
crobial groups varied by type of ICU. To take different
patient populations into account we stratified by type of
ICU, in a similar way to ICARE/AUR [11]. It was not
surprising that higher macrolide ADs were found in
medical, rather than surgical ICUs, from which it may be
hypothesised that more patients with atypical pneumonia,
for instance, are treated there. In accordance with data
from ICARE/AUR, surgical ICUs used twice as many
glycopeptides as interdisciplinary ICUs. In a recent study
of KISS hospitals, surgical German ICUs were shown to
be a risk factor for methicillin-resistant Staphylococcus
aureus (MRSA) [12]). In the ICARE/AUR project, re-
sistance rates were combined for all ICU types because
detailed analysis demonstrated that resistance rates gen-
erally do not differ according to the type of ICU [13].

The median total antimicrobial AD was 1,300 (mean
AD 1,332) in all SARI ICUs combined, indicating that
each patient was given 1.3 DDDs of antimicrobials on an
average day in SARI ICUs. The median total antimicro-
bial AD is quite similar to that found in 38 Swedish ICUs
(median total antimicrobial AD in local hospitals ICUs
1,072, 1,170 in county hospital ICUs and 1,541 in re-
gional hospital ICUs). Other similar findings from project
SARI and the Swedish study were the significant corre-
lation in larger hospitals between total antimicrobial AD
and length of stay and the correlation of hospital size and
carbapenem use (the larger the hospital the greater the
quantity of carbapenems used) [14]. The mean length of
stay in SARI ICUs was also correlated with the device-
associated nosocomial infection rate, which is likely to
influence total antimicrobial use.

So far, there is no explanation for the significant in-
crease in the AD of penicillins with extended spectrum
and the significant decrease in the AD of 2nd generation
cephalosporins in all types of ICUs. It may be due to the
fact that the period of time of antimicrobial use data
differs from ICU to ICU (13–29 months). This also ap-
plies to the significant decrease in the use of glycopep-
tides, carbapenems, penicillins with beta-lactamase in-
hibitor, quinolones and macrolides in interdisciplinary
ICUs. If this is the case, this effect can be expected to
diminish over time. Mean length of stay not only corre-
lated with total antimicrobial AD, but also with broad
spectrum antimicrobials, i.e. quinolones, carbapenems
and glycopeptides. Possible explanations for these corre-
lations are the escalation of prolonged antimicrobial
therapies and the increased risk of ICU-acquired infec-
tions, which are likely to be due to more resistant pa-
thogens.

Table 4 Mean (median) antimicrobial use density (AD) of different antimicrobial groups and agents (DDDs used by ICARE/AUR) by
type of ICU of German SARI ICUs (2/2000–6/2002) and US American ICARE/AUR ICUs (1/1996–6/2002)

Mean (median)
AD interdisciplinary ICUs

Mean (median)
AD surgical ICUs

Mean (median)
AD medical ICUs

Antimicrobial agent SARI (n=14) ICARE/AUR
(n=55)

SARI (n=11) ICARE/AUR
(n=32)

SARI (n=10) ICARE/AUR
(n=34)

Ampicillin groupa 62.5 (67.2) 79.6 (72.6) 32.5 (13.4) 96.3 (82.6) 61.5 (53.0) 90.6 (71.3)
Anti-pseudomonal penicillinsb 66.0 (47.0) 79.0 (68.5) 70.2 (63.8) 55.6 (57.5) 50.3 (51.0) 74.4 (66.2)
Second generation cephalosporinsc 93.0 (80.4)* 48.4 (31.9) 93.0 (88.6) 48.0 (50.5) 94.7 (56.1)* 34.6 (26.5)
Third generation cephalosporinsd 147.6 (151.2)* 216.8 (200.6) 179.0 (175.4) 199.5 (142.0) 174.2 (193.8) 327.4 (186.7)
Carbapenemse 55.1 (42.2) 31.1 (21.8) 89.8 (112.9)* 50.2 (19.6) 69.3 (61.3)* 35.7 (23.9)
Fluoroquinolonesf 106.8 (91.6)* 152.2 (124.6) 97.3 (81.8) 114.2 (87.2) 89.7 (86.9) 128.4 (86.5)
Vancomycin (parenteral) 25.5 (17.6)* 80.1 (67.0) 51.9 (35.3)* 182.0 (104.3) 33.4 (34.7)* 120.7 (72.9)

* The median of SARI ICUs differs significantly from ICARE/AUR median (by one sample Wilcoxcon rank-sum test)
Antimicrobial groups and DDDs according to ICARE/AUR classification, not according the ATC/DDD system of the WHO
a Ampicillin group: ampicillin, ampicillin/sulbactam, amoxicillin, amoxicillin/clavulanic acid
b Anti-pseudomonal penicillins: piperacillin, piperacillin/tazobactam, and additionally for ICARE/AUR: ticarcillin, ticarcillin/clavulanic
acid
c 2nd generation cephalosporins: cefoxitin, cefuroxime, cefaclor, and additionally for ICARE/AUR: cefotetan, cefmetazole, cefprozil
d 3rd generation cephalosporins: cefotaxime, ceftazidime, ceftizoxime, ceftriaxone, cefixime, cefipime
e Carbapenems: imipenem, meropenem
f Fluoriquinolones: ciprofloxacin, ofloxacin, levofloxacin, sparfloxacin, norfloxacin, and additionally for ICARE/AUR: trovafloxacin,
lomefloxacin



1095

In the multivariate analysis, length of stay was an in-
dependent risk factor for the total AD higher than 75%
percentile, as well as a significant correlation in the uni-
variate analysis. Interestingly, a greater number of ICU
beds does not increase, but decreases the chance of lying
above the 75% percentile.

A high use of glycopeptides was only correlated with
the mean CVC utilisation rate. The use of glycopeptides
could contribute to the fact that high utilisation rates are
likely to result in high ICU-acquired CVC-associated
blood stream infection rates, which in turn are likely to
result in a high empirical use of glycopeptides to treat
these infections (often due to coagulase-negative staphy-
lococci, which are generally resistant to methicillin). It
might also contribute to the prophylactic use of gly-
copeptides for the insertion of CVC, although not rec-
ommended in CDC guidelines for the prevention of de-
vice-associated blood stream infection [15]. The question
as to whether the high use of glycopeptides is related to
prophylactic administration or to the treatment of catheter
colonisation and/or infection will be the subject of an
evaluation of antimicrobial management in SARI ICUs.
Other positive correlations found in the univariate anal-
ysis, i.e. the incidence density of nosocomial infection
and central line-associated blood stream infection rate,
could not be confirmed in the multivariate analysis. The
number of significant variables of AD for quinolones was
also reduced by multiple logistic regression to a single
variable, i.e. the rate of CVC. The utilisation rate of CVC
may at least serve as an indirect parameter for the severity
of illness. Therefore, quinolones and glycopeptides seem
to be the preferred antimicrobial agents in more severely
ill patients.

Hospital size was not a parameter for high total anti-
microbial use density in either the univariate or the
multivariate analysis, although several multicentre studies
have shown a relationship between increased hospital size
and the rate of nosocomial infection (with a subsequent
antimicrobial therapy) [16, 17, 18]. However, the Swiss
Noso Network recently published data demonstrating that
small hospitals do not per se have a lower risk of noso-
comial infection [19].

Compared with Swedish ICUs, where the MRSA rate
is below 1% and glycopeptide AD ranges between a
median of 11 (with infectious disease specialist) and 26
(without), glycopeptide use in SARI ICUs (all ICUs
combined) was at least two-fold higher (AD 42). A
comparison with US ICARE/AUR data made the transfer
from defined daily doses according to WHO to DDDs
used in Project ICARE/AUR necessary [13], as well as
transfer to the antimicrobial groups applied by ICARE/
AUR, which differ from the WHO ATC classification.

In general, German SARI ICUs had higher carbapen-
em and 2nd generation cephalosporin ADs, whereas
physicians in US American ICARE/AUR ICUs adminis-
tered 3rd generation cephalosporins, ampicillin group

antimicrobials and vancomycin much more frequently
than their German colleagues [11]. This applied to all
types of ICU, namely medical, surgical and interdisci-
plinary. Administration rates for anti-pseudomonas peni-
cillins depended on the type of ICU involved. MRSA
rates in US ICUs exceeding 50% of all Staphylococcus
aureus isolates might be the reason for the high use of
glycopeptides.

The study has some limitations. Firstly, unit-based data
on antimicrobial exposure simply reflect the ecological
situation in the individual ICU. Although patient-based
data allow further interesting analyses, unit-based data
are a very valuable time and cost-effective instrument for
the surveillance of antimicrobial use. Secondly, defined
daily doses (DDD) and antimicrobial groups were cal-
culated according to definitions given by the WHO
(www.whocc.no). Special categories of patients may have
an atypical antimicrobial dosing pattern and assessment of
the WHO DDDs may not be the best method to charac-
terise antimicrobial use in such specialised patient popu-
lations. Thirdly, a comparison of antimicrobial use in
different countries and health care systems is prone to
bias. There is indirect evidence that patients hospitalised
in the USA are more seriously ill, leading to more intense
broad spectrum antimicrobial therapy than in Germany,
where 7 acute care hospital beds are available per 1,000
inhabitants, compared to 3 per 1000 inhabitants in the
USA [20]. Several studies have shown that hospital-wide
density of antimicrobial use is much higher in the USA
than in Germany or neighbouring European countries
[20].

Keeping in mind the limitations of the study, the SARI
data can be compared to other local, national and inter-
national data on antimicrobial use density in intensive
care settings in order to share experiences and improve
prudence in the use of antimicrobial agents. The imple-
mentation of a surveillance system for ICUs to allow a
standardised analysis of antimicrobial use is a basic re-
quirement for auditing the patterns of drug utilisation, the
identification of possible problems, for educational or
other interventions and for monitoring their outcome [13,
21]. Surveillance data on antimicrobial use allow intra-
and inter-ICU comparisons of participating hospitals and
form the basis for effective antimicrobial control mea-
sures. Furthermore, linking data from SARI with KISS
provides the opportunity to analyse additional factors like
nosocomial infection rate or device utilisation rates and
their influence on antimicrobial use.

Examples of ICUs which establish a monitoring and
benchmarking system have been demonstrated by the US
American ICARE/AUR project (intensive care antimi-
crobial resistance epidemiology), which has now been
succeeded by the AUR (antimicrobial use and resistance)
component of the NNIS (national nosocomial infection
surveillance) system [11].
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