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Abstract
Systematic analyses of infections in critical illness are sparse and mostly restricted to specific
infection categories. Thus, a prospective study was carried out in a medical-surgical ICU during 14
months on patients whose ICU stay was longer than 48 h. The prospectively gathered data included
detailed patient history, infection survey, severity of illness scores (APACHE II, SOFA), resource
use, short-term and long-term outcome and quality of life following hospital discharge. 

Altogether 335 patients were included, of whom 251 (74.9%) had an infection on admission;
59.3% had a community-acquired infection (CAI) and 40.7% a hospital-acquired infection (HAI),
while 84 (25.1%) did not have any infection (NI). APACHE II scores and ICU or hospital mortality
rates did not differ between the groups. The median hospital stay was longer in the HAI than in the
CAI or NI groups.

Eighty (23.9%) of the 335 patients developed an ICU-acquired infection (48 per 1000 patient
days): ventilator-associated pneumonia (VAP) in 33.8% of the cases, central catheter-related (CRI)
or primary bloodstream infections in 6.3% and urinary tract infections in 1.3%, while the
corresponding device-related incidences per 1000 days were 18.8, 2.2 and 0.5, respectively. 

ICU-acquired infection was an independent risk factor for hospital mortality. It doubled the risk
for hospital mortality in patients with an infection on admission and caused a threefold the risk in
patients without an infection on admission and an almost fourfold increase in the use of nursing
resources.

Of the 272 hospital survivors, 83 (30.5%) died after discharge during the median follow-up of 17
weeks. Infection status on admission or during the ICU stay did not affect long-term mortality. ICU-
acquired infection did not have an impact on patients' quality of life. The current general level of
health compared to the status before ICU admission did not differ between the groups, either. Only
36% of those employed resumed their previous jobs. 

Three-fourths of patients had an infection on admission, while nearly one fourth acquired an ICU
infection. The high VAP rate suggests a need for re-evaluation of preventive measures, whereas the
low CRI indicates more successful prevention. ICU-acquired infection was a significant risk factor
for hospital mortality, but did not affect patients' long-term survival or quality of life.

Keywords: community-acquired infections, critical care, cross-infection, outcome, quality
of life
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APACHE Acute Physiology and Chronic Health Evaluation 
BMI  body mass index 
BSI  bloodstream infection 
CAI  community-acquired infection 
CAP  community-acquired pneumonia 
CI  confidence interval 
CNS  central nervous system 
CRI  catheter-related infection 
COPD  chronic obstructive pulmonary disease 
EQ-VAS  EuroQol Visual Analogue Scale 
EQ-5D  EuroQol five-dimensional questionnaire 
GCS  Glasgow Coma Scale 
GNB  gram-negative bacilli 
HAI  hospital-acquired infection 
HAP  hospital-acquired pneumonia 
HR  hazard ratio 
HRQOL  health-related quality of life 
ICU  intensive care unit 
IHD  ischemic heart disease 
KISS  Krankenhaus-Infektions-Surveillance System 
LOS  length of stay 
MRSA  methicillin-resistant Staphylococcus aureus 
NNIS  National Nosocomial Infections Surveillance 
OR  odds ratio 
SAPS  Simplified Acute Physiology Score 
SIRS  systemic inflammatory response syndrome 
SOFA  Sequential Organ Failure Assessment 
SSI  surgical site infection 
TIA  transient ischemic attack 
TISS  Therapeutic Intensity Scoring System 
UTI  urinary tract infection 



VAP  ventilator-associated pneumonia 
WBC  white blood cells
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1 Introduction 

Infections in the intensive care unit (ICU) may be community-acquired, i.e. already 
present on admission, hospital-acquired, i.e. obtained during the hospital stay, or ICU-
acquired, i.e. obtained during the ICU stay (for definitions see appendix). In an earlier 
prevalence study, 15% of all hospitalized patients had CAI, while 9% had HAI 
(Emmerson et al. 1996). In national prevalence studies conducted in different European 
countries, the rate of hospital-acquired infections has varied from 3.5% to 14.8% during 
the past twenty years (Pittet et al. 2005). The corresponding figure in Finland in 2005 was 
9%, while the prevalence among ICU patients was 16% (Lyytikäinen et al. 2005). In 
prevalence studies, infections occur in 45%–58% of all patients admitted into ICU: 14%–
24% of patients have community-acquired and 10%–11% hospital-acquired infections, 
while 21%–23% acquire their infection during their ICU stay (Vincent et al. 1995, de 
Leon-Rosales et al. 2000). The prevalence of hospital-acquired infections in ICU has 
been reported to be more than twofold compared to other wards (Emmerson et al. 1996, 
Metintas et al. 2004), indicating the considerable importance of hospital-acquired 
infections in the ICU population.  

The high rates of infection are not surprising in view of the fact that the patients 
treated in the ICU are the sickest patients in the hospital. Advanced medicine with its new 
treatment modalities and organ replacement therapies has allowed successful treatment of 
patients with more severe illnesses in ICU. However, these patients are often susceptible 
to infection because of the impairing effects of their underlying diseases and therapies on 
the immune system as well as the consequences of surgery (Eggimann P & Pittet D 
2001). Modern critical care requires invasive monitoring and various organ replacement 
therapies, which may break down normal the defence mechanisms by penetrating the skin 
or by hampering normal ciliary function and cough reflex in the respiratory tract. 
Moreover, repeated handling of these invasive devices carries a risk of aseptic breaks. 
The common use of antibiotics results in selection pressure towards more resistant 
microbes causing difficult-to-treat infections (Rello et al. 1993). Especially ventilator-
associated pneumonia and catheter-related bloodstream infection are among the most 
severe nosocomial infections in the ICU (Laupland et al. 2006, The Canadian Critical 
Care Trials Group, 2006). 
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Although the whole infection population accounts for more than half of all patients 
treated in ICU, it is interesting to note that systematic studies on the full spectrum of 
infections treated in the ICU (community-, hospital- and ICU-acquired) are sparse, while 
the current literature on infections in ICU has concentrated on certain infection categories 
such as pneumonia or bloodstream infections, one-day prevalence studies, or incidence 
studies of ICU-acquired infections, and are often based on voluntary reporting (Bregeon 
et al. 2001, NNIS System 2004, Rello et al. 2000, Rello et al. 2002, Vincent et al. 1995). 
Moreover, the significance of infections in the ICU for patients´ outcome has remained 
controversial.  

This prospective study was carried out in a single adult medical-surgical ICU to obtain 
more information on the characteristics and outcomes of community-, hospital- and ICU-
acquired infections in our severely ill ICU population. A special aim was to explore the 
impacts of ICU-acquired infections both on hospital mortality and on the patients’ post-
discharge quality of life and mortality. 

 



2 Review of the literature 

2.1  Community- and hospital-acquired infections on ICU admission 

In a large European one-day prevalence study (EPIC) in 1992, data were obtained from 
10 038 patients in 1 417 adult ICUs (Vincent et al. 1995). Community-acquired infection 
(CAI) was recorded in 13.7% and hospital-acquired infection (HAI) in 9.7% of ICU 
patients. Similar predominance of CAI was noticed in a prevalence study from 254 ICUs 
in Mexico, where 58.2% of patients were infected; 23.9% had CAI and 11.1% had HAI 
(de Leon-Rosales et al. 2000). The proportion of infected patients on ICU admission has 
varied in prospective studies from 21.1% to 38.5%, depending on the country (Alberti et 
al. 2002, Legras et al. 1998, Vosylius et al. 2003). In these studies, 11.9%–21% of 
patients had CAI and 8.3–9.2% HAI (Alberti et al. 2002, Legras et al. 1998). In a French 
study, the proportion of infected patients was 10% higher if only the patients who had an 
ICU length of stay over 24 hours were taken into account (Alberti et al. 2002). Higher 
figures were also reported from the large British National Prevalence Survey, where 21% 
of ICU patients had CAI and 43% had HAI (Emmerson et al. 1996). The latter figure, 
however, included infections acquired either in the ICU or on the general ward before 
ICU admission. 

2.2  Prevalence of ICU-acquired infections 

In the EPIC study, 44.8% of patients had one or more infections on the study day, and 
20.6% of patients had an ICU-acquired infection (Vincent et al. 1995). In the Mexican 
prevalence study, the proportion of patients with at least one ICU-acquired infection was 
similar (23.2%): of the cases with ICU-acquired infection, 3.1% also had a community-
acquired infection, 2% also had a hospital-acquired infection, and 0.4% had all three 
types (0.4%) (de Leon-Rosales et al. 2000). However, there were some differences in the 
distribution of ICU-acquired infections in those studies: pneumonia (46.9% in EPIC vs. 
39.7% in Mexican study), lower respiratory tract infection (17.8% vs. not reported), 
urinary tract infection (UTI) (17.6% vs. 20.5%) and bloodstream infection (BSI) (12% vs. 
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3.6%) (table 1). In the Mexican study, 51% of the patients with an ICU-acquired infection 
had two or more infections on the study day, which is higher than the corresponding 
figure (25.6%) in the EPIC study (Vincent et al. 1995, de Leon-Rosales et al. 2000). The 
predominance of respiratory tract infection was also noticed in a smaller German 
prevalence study (Gastmeier et al. 1998). 

Table 1. Prevalence of ICU-acquired infections. 

Distribution of infections Study Number of 
ICUs/patients 

APACHE 
II score on 
admission 

 mean 
/median 

Prevalence  
of patients 

with 
infections1 

PNEU LRTI UTI BSI SSI/ 
wound 

ABD other 

(Vincent et al. 
1995) 

1417/ 10038 12.7/ 20.6   46.9 17.8 17.6 12 6.9 4.5 14.8 

(Gastmeier et al. 
1998) 

-/ 515  15.3  59 15.4  9.0  26.92 

(de Leon-Rosales 
et al. 2000) 

254/ 895 11.7/ 23.2  39.7  20.5 3.5 13.2  4 18.9 

1Infections were classified according to the CDC criteria 
252.3% of those were cases of primary sepsis 

2.3  Incidence of ICU-acquired infections 

The main studies on the incidence of ICU-acquired infections are presented in table 2. 
Infection rates vary between hospitals and according to the type of population studied, 
being highest in burn units and surgical and trauma ICUs and lowest in coronary care 
units (Craven et al. 1988, NNIS System 2004, Wallace et al. 1999). The incidence in 
mixed medical-surgical ICUs has varied from 13.8% to 35%, and respiratory tract has 
typically been the most prevalent site of infection (25%–45%), followed by BSIs (12%–
32%) and UTIs (10%–28.7%) (table 2). The lowest infection rate was reported in a 
French study which included all patients admitted, i.e. even the patients with an ICU 
length of stay < 48 hours.  

There are also nationwide infection surveillance systems based on voluntary 
participation and reporting of infections, such as the National Nosocomial Infection 
Surveillance System (NNIS) in USA and Krankenhaus-Infektions-Surveillance-System 
(KISS) in Germany. In the NNIS data collected between 1992 and 1998 from 205 mixed 
medical-surgical ICUs, the mean overall patient infection rate per 1,000 patient days was 
16.2. It should be noted that these figures include all patients admitted, i.e. even the short-
stayers (Richards et al. 2000). The NNIS system includes post-discharge surveillance 
until 48 hours after ICU discharge, while KISS does not have that kind of follow-up.  

ICU-acquired infections are often related to the use of invasive devices, and a review 
of the device-related rates of these infections are presented in table 3. In the NNIS data, 
three major infection sites accounted for 68% of all reported infections; nosocomial 
pneumonias were most frequent, followed by UTIs and primary BSIs (Richards et al. 
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2000). In more recent NNIS data, device-related rates (i.e. catheter-related UTIs, catheter-
related BSIs and VAP) varied according to the ICU type, but there was a trend towards 
lower device-associated urinary tract and bloodstream infection rates compared to the 
earlier figures (NNIS System 2004). The highest device-associated figures were reported 
from Argentina, and the investigators suggest that this may reflect differences in infection 
control practices and a lack of established infection control programs (Rosenthal et al. 
2003a). 

Table 2. Incidence of ICU-acquired infections. 

Distribution of infections % Study Number of 
ICUs1/ 
patients 

APACHE II 
score on 

admission 
 mean /median

ICU 
 infection 
incidence2

PNEU LRTI UTI BSI SSI/ 
wound 

ABD other 

(Bueno-
Cavanillas et 
al. 1994) 

single mixed/ 
279 

- 33.33 45  14 124 7  22 

(Legras et al. 
1998) 

5/ 1589 - 13.15        

(Appelgren et 
al. 2001) 

single mixed/ 
574 

/14 356 26  10 17 34  13 

(Alberti et al. 
2002) 

28/ 8353 - 15.37 
26.48  

41.7  12.6 15.3  8.5  

(Vosylius et al. 
2003) 

single mixed/ 
812 

- 379 2810  8 13    

(Erbay et al. 
2003) 

single mixed/ 
434 

/1811  
/1312 

2613 40.9  23.6 30.2 5.3   

(Rosenthal et 
al. 2003a) 

3/ 213 - 2714 25  22.6 3215   20.3 

(Colpan et al. 
2005) 

2/ 334 12.8/ 31.116  32  28.7  8.5 5.3 21.317 

1single = single-centre 
2proportion of admitted patients with ICU infection 
3infections were classified according to the CDC criteria 
4defined as sepsis 
5infections were classified according to modified CDC criteria 
6infections were classified according to modified CDC criteria 
7infections were classified according to CDC criteria 
815.3% in patients without infection on admission, 26.4% with infection on admission 
9infections were classified according to modified CDC criteria 
10respiratory infections, incl. pneumonia and bronchitis 
11in patients with ICU-acquired infections 
12in patients without ICU-acquired infections 
13infections were classified according to modified CDC criteria 
14infections were classified according to CDC criteria 
15catheter-related bloodstream infection 
16infections were classified according to modified CDC criteria 
1721.3% sepsis, 4.2% central nervous system infections 
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Table 3. Incidence densities of ICU-acquired infections per 1000 patient days or 1000 
device days. 

Pneumonia Bloodstream 
infections 

Urinary tract 
infections 

Study Number of 
ICUs1/ patients

All 
infections 
per 1000 

patient days
% /1000  

device days
% /1000 

device days

 

% /1000 
device days 

(Fernandez-Crehuet et al. 
1997) 

single mixed/ 
944 

43.8 12.8 - 9.7 -  6.3 - 

(Legras et al. 1998). 5/ 1589 20.3 9.6 9.4 4.8 3.82  7.8 8.5 
(Rosenthal et al. 2003a) 3/ 213 90 - 50.87 - 44.6  - 22.55 
(Erbay et al. 2003) single mixed/ 

434 
56.8 - - - -  - - 

(NNIS System 2004)3 94 medical/ - - - 3.7 - 3.9  - 4.7 
(NNIS 2004)4  99 surgical/ - - - 8.3 - 3.4  - 3.8 
(NNIS 2004)5  99 mixed/ - - - 4.6 - 3.4  - 3.3 
KISS6 (Krankenhaus-
Infektions-Surveillance-
System) 

246/ 804 979 - - 7.04 - 1.367  - 1.67 

(Rosenthal et al. 2006) 55/ 21 069 22.5  24.1  12.5   8.9  
(van der Kooi et al. 
2007) 

23/ 2644  19 25 3 4.0  8 9 

1single = single-centre 
2central venous catheter associated bacteremia. Bacteremia incidence density was 4.2/1000 patient days 
3Reported as medians 
4Reported as medians 
5Reported as medians 
6Krankenhaus-Infektions-Surveillance-System 
7Central venous catheter-associated sepsis 

2.4  Microbiological aspects of infections treated in ICU 

Colonization of the host by potentially pathogenic micro-organisms is the first step 
towards the further development of most ICU-acquired infections, and it may occur from 
exogenous or endogenous sources (Eggimann P & Pittet D 2001, Pittet & Harbarth 1998, 
Weinstein & Maki 2004). Bacterial colonization is associated with the hospital stay, and 
critically ill patients are especially susceptible due to treatments such as 
immunosuppressive medications or long-term or repeated courses of antimicrobials or the 
use of invasive devices. Antimicrobials can cause selective pressure on the patients´ own 
bacterial flora, modifying it to select potential pathogenic colonisers to the bacterial flora 
of the skin or the oropharyngeal or gastrointestinal tract, from which many ICU-acquired 
infections are assumed to arise. Exogenous colonisation arises from cross-contamination 
either via direct contact from the hands of the medical staff or by transmission of 



 21

exogenous microbes via contaminated equipment (Grundmann et al. 2005, Pittet & 
Harbarth 1998, Weist et al. 2002). 

Colonisation is often difficult to differentiate from infection, but it should also be 
noted that not all patients with clinical infection have positive cultures: the earlier 
literature has reported that, of the infected patients treated in ICU, 30% had no 
microbiological documentation. Of all ICU-acquired infections, 85.8% were 
microbiologically documented, while only 54.8% of CAIs had such documentation 
(Alberti et al. 2002). The authors suggested that many instances of CAI could not be 
documented because of the antimicrobial therapy administered prior to ICU admission. 
Due to the many events during the ICU stay, such as fever due to tissue trauma or 
corticosteroids, which confound the infection parameters, the clinical diagnosis of ICU 
infection may be more difficult to ascertain than CAI, and microbiological samples may 
therefore be more likely to be obtained during the ICU stay.  

The causal micro-organisms differ, depending on the origin and source of infection. In 
a French study, gram-negative rods predominated (49% of isolates), followed by gram-
positive cocci (37%) and fungi (9.7%) in ICU-acquired infections, while the 
corresponding figures were 35, 39 and 9% in community-acquired infections and 48, 35 
and 10.4% in hospital-acquired infections (Alberti et al. 2002). In a recent multicentre 
sepsis study, 62% of infections were microbiologically documented, while gram-positive 
cocci accounted for 37% of CAIs and 47% of ICU-acquired infections and gram-negative 
rods for 34% and 53%, respectively (Vincent et al. 2006). The proportion of fungal 
infections (17%) in their series was exceptionally high. A similar predominance of gram-
negative rods in ICU-acquired infections has also been reported in other studies (Legras 
et al. 1998, Vosylius et al. 2003). In the EPIC study, microbiological culture results were 
available for 85% of the patients with ICU-acquired infections; 55% of the infections 
were polymicrobial. 

Gram-negative rods (most often Pseudomonas aeruginosa, E.coli and Klebsiella) have 
been shown to predominate in respiratory and urinary tract infections, while gram-
positive organisms (most often coagulase-negative staphylococci (CNS), Staphylococcus 
aureus and enterococci) mainly cause catheter-related, bloodstream and surgical site 
infections (Erbay et al. 2003, Vosylius et al. 2003). The number of gram-positive 
infections has increased, particularly those caused by coagulase-negative staphylococci 
(Richards et al. 2000, Vincent 2003). Fungal infections by especially candida species 
have become increasingly common (Edgeworth et al. 1999).  

A continuous shift towards more resistant strains has also been reported by NNIS: the 
proportion of methicillin-resistant Staphylococcus aureus isolates is over 60% and that of 
vancomycin-resistant Enterococci over 25%, and there was also a nearly 50% increase in 
Klebsiella pneumoniae isolates nonsusceptible to 3rd generation cephalosporins between 
2002 and 2003 (Jarvis 2004, Klevens et al. 2006, NNIS System 2004). However, the 
proportions of isolates resistant to most pathogens have been lower in Northern European 
countries than in US ICUs (Meyer et al. 2006). The favourable resistance situation was 
also reported in the Finnsepsis study, where no multidrug-resistant microbes causing 
infections were found (Karlsson et al. 2007). It should be noted that the precise pattern of 
causative microbes varies between countries and ICUs, reflecting the case mix, antibiotic 
protocols and local ecology and resistance patterns (Vincent 2003). 
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2.5  Risk factors for ICU-acquired infections 

The main risk factors can be divided into three key groups (table 4): those related to 
patient characteristics and underlying diseases, those related to the acute disease process, 
and those related to the use of invasive diagnostic or therapeutic procedures (Vincent 
2003). Underlying diseases can impair host defence mechanisms, predisposing to the 
development of ICU infection. Patients on immunosuppressive medication (Craven et al. 
1988), older patients (Legras et al. 1998) and patients with malnutrition (Fernandez-
Crehuet et al. 1997) are at an increased risk. These endogenous risk factors are hard to 
influence by preventive methods. 

The severity of illness on admission as assessed based on the Acute Physiologic and 
Chronic Health Evaluation (APACHE II) or some other score (for definition, see 
appendix) has been associated with the development of ICU infections (Craven et al. 
1988, Fernandez-Crehuet et al. 1997). Contrariwise, Appelgren et al. reported that 
APACHE II did not correlate with infection, suggesting that patients with high APACHE 
II scores may die from their underlying disease before they have developed an infection 
(Appelgren et al. 2001). A similar finding was also reported from the EPIC study 
(Vincent et al. 1995). It has further been found that more severe organ dysfunction during 
the ICU stay and longer stay were more common among the patients who acquired an 
ICU infection (Vosylius et al. 2003). Similarly, in a case-control study, the severity of 
illness scores (APACHE II, Simplified Acute Physiology (SAPS) score) and the TISS, 
Therapeutic Intervention Scoring System scores (for definitions, see appendix) were 
significantly higher for cases than controls at three days after ICU admission and at one 
day before the onset of nosocomial infection, suggesting that case patients required a 
higher level of therapeutic activity between their ICU admission and the day of infection 
(Girou et al. 1998) It is often difficult to assess whether the prolonged stay is due to 
infection or the infection is due to prolonged stay, and controversial results have therefore 
been obtained on the importance of the length of ICU stay (Craven et al. 1988, Erbay et 
al. 2003, Graves et al. 2007, Legras et al. 1998, Vincent et al. 1995, de Leon-Rosales et 
al. 2000). Neurologic failure on admission (Erbay et al. 2003, Fernandez-Crehuet et al. 
1997, de Leon-Rosales et al. 2000) or certain diagnostic categories such as trauma 
(Appelgren et al. 2001, Vincent et al. 1995, de Leon-Rosales et al. 2000) have increased 
the infection risk. Infection rate has also been reported to vary according to infection 
status on admission, being 1.5-fold in patients infected on admission compared to non-
infected patients (Alberti et al. 2002). 

In many studies, however, most risk factors of ICU-acquired infection have been 
exogenous, including central venous or urinary catheterisation and mechanical ventilation 
(Vincent et al. 1995). In the NNIS data, device-associated rates did not correlate with the 
length of ICU stay, the size of the hospital or the number of beds in the ICU (Richards et 
al. 2000). ICU-acquired infections at the most frequent infection sites were almost always 
associated with the use of an invasive device: 86% of pneumonias were ventilator-
associated, 87% of BSIs central catheter-associated and 95% of UTIs urinary catheter-
associated. The risk has been reported to increase when the total number of therapeutic or 
diagnostic interventions increases (de Leon-Rosales et al. 2000). Medications or 
procedures that promote gastric colonisation by potential VAP pathogens or increase the 
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risk of aspiration have also been reported as risk factors (Erbay et al. 2003, Fernandez-
Crehuet et al. 1997, Vincent et al. 1995, de Leon-Rosales et al. 2000). Intensive treatment 
of hyperglycemia has been found to reduce the BSI rate (van den Berghe et al. 2001). 
Early enteral nutrition has been shown to significantly reduce the infection complication 
rates compared to parenteral nutrition, although it has not been shown to have impact on 
mortality (Peter et al. 2005, Gramlich et al. 2004/10). 

Many outbreaks of nosocomial infections have also been reported, which have often 
been related to aseptic breaks or disregard for the infection control guidelines. Aseptic 
breaks are frequently associated with overcrowded and understaffed units, and admission 
during a period of low nurse-to-patient ratio has been associated with an increased risk of 
infection (Hugonnet et al. 2007, Robert et al. 2000) or cross-transmission of nosocomial 
pathogens (Halwani et al. 2006). Some outbreaks have been related to contaminated 
equipment or hospital environment, from which the pathogens have been transferred to 
the patients (Pittet & Harbarth 1998). 
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Table 4. Risk factors for ICU-acquired infections in multivariate analysis. 

 Significant risk factor Study 
steroids or chemotherapy (Craven et al. 1988) 
malnutrition  
certain diagnostic categories1  (Fernandez-Crehuet et al. 1997) 
age > 60 years (Legras et al. 1998) 
renal failure (Craven et al. 1988, Agarwal et al. 2006/8) 

Underlying diseases 
and age 

being on a hospital ward or in 
another special care unit before ICU

(McCusker et al. 2002) 

shock on admission (Craven et al. 1988) 
trauma on admission (Vincent et al. 1995) 

(Appelgren et al. 2001) 
infection on admission (Legras et al. 1998)2 

(Agarwal et al. 2006/8) 
neurologic failure (Erbay et al. 2003, Fernandez-Crehuet et al. 1997, 

Girou et al. 1998, de Leon-Rosales et al. 2000) 

Factors related to 
acute disease process 

severity of illness on admission (Erbay et al. 2003, Fernandez-Crehuet et al. 1997, 
McCusker et al. 2002) 

central venous or pulmonary artery 
catheter 

(Appelgren et al. 2001, Hugonnet et al. 2007, 
Legras et al. 1998, Vincent et al. 1995) 

days with arterial line (3-10 vs < 3) (Craven et al. 1988) 
intracranial pressure monitor (Craven et al. 1988) 
urinary catheterization (Craven et al. 1988, Hugonnet et al. 2007, 

Vincent et al. 1995) 
length of stay in ICU (Craven et al. 1988, Legras et al. 1998, Agarwal 

et al. 2006/8, Vincent et al. 1995, de Leon-
Rosales et al. 2000) 

mechanical ventilation  (Appelgren et al. 2001, Erbay et al. 2003, 
Hugonnet et al. 2007, McCusker et al. 2002, 
Vincent et al. 1995) 

surgical ICU (Craven et al. 1988) 
stress ulcer prophylaxis (Vincent et al. 1995) 
horizontal position (Fernandez-Crehuet et al. 1997) 
administration of sedatives (Fernandez-Crehuet et al. 1997) 
number of interventions (de Leon-Rosales et al. 2000) 
peripheral administration of 
hyperosmolar solutions 

(de Leon-Rosales et al. 2000) 
 

pleural drainage (Appelgren et al. 2001) 
nasogastric tube (Erbay et al. 2003) 
tracheotomy (Erbay et al. 2003) 

Factors related to 
diagnostic and 
therapeutic 
procedures 

parenteral nutrition (Peter et al. 2005) 
1Including infectious diseases and digestive system, musculoskeletal system and connective tissue diseases 
compared to the diagnostic categories of cardiovascular disorders, skin, genitourinary tract diseases, 
intoxications and complications of pregnancy 
2Protective factor 
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2.6  Common infections treated in ICU 

2.6.1  Septic infections 

Most studies on infections necessitating ICU treatment have concentrated on sepsis, 
severe sepsis or septic shock (for definitions, see appendix) (Alberti et al. 2002, Angus et 
al. 2001b, Brun-Buisson et al. 2004, Hong et al. 2004, Padkin et al. 2003, Silva et al. 
2004, Vincent et al. 2006, van Gestel et al. 2004). In sepsis studies, respiratory tract 
infection has been the most common infection focus, followed by urinary tract infections, 
intra-abdominal and surgical site infections (Silva et al. 2004) or primary bloodstream 
infections (Angus et al. 2001b), but their distributions in patients with community- or 
hospital-acquired infections have not always been reported separately. In Finland, severe 
sepsis was diagnosed in only 10.5% of all ICU admissions and the incidence of severe 
sepsis was 0.38/1000 adults per year (Karlsson et al. 2007) while in a prospective study 
conducted in Australia and New Zealand, severe sepsis was present in 11.8% of ICU 
admissions, and the incidence was 0.77/1000 adults (Finfer et al. 2004). The lower 
figures in Finland may be related to a low proportion of resistant bacteria or early 
hospital admission. In the Finnsepsis study, infection was community-acquired in 58% of 
cases and nosocomial in 38%. Similar proportions of CAI and HAI were reported in a 
French study, but 42% of the patients in this survey met the criteria for severe sepsis on 
admission (Adrie et al. 2005). This higher figure may reflect a different case mix and the 
use of a 48-hour or longer ICU stay as an inclusion criterion in the latter study. In this 
study, the total ICU cost of community-acquired severe sepsis was significantly lower 
than that of hospital- or ICU-acquired severe sepsis. In a large multicentre sepsis study, 
37% of patients admitted to ICU had sepsis, and 76.3% of them had sepsis present on 
admission or developed it on the second day of admission, while only 23.7% of the cases 
of sepsis were really ICU-acquired (Vincent et al. 2006). In patients with ICU-acquired 
sepsis, the site of infection was more commonly the respiratory tract, catheter-related or 
the urinary tract and less commonly abdominal compared to patients with non-ICU-
acquired sepsis.  

Septic infections necessitating ICU treatment are associated with high mortality. In a 
Brazilian sepsis study, the mortality rate of patients with systemic inflammatory response 
syndrome (SIRS), sepsis, severe sepsis and septic shock (for definitions, see appendix) 
increased progressively from 24.3% to 34.7%, 47.3% and 52.2%, respectively. Patients 
with SIRS without infection had a mortality rate of 11.3% (Silva et al. 2004). In a large 
British study of intensive care unit admissions that met the criteria for severe sepsis in the 
first 24 hrs, 35% of patients died before discharge from intensive care, and 47% died 
during their hospital stay (Padkin et al. 2003). Hospital mortality ranged from 17% in the 
age group of 16–19 years to 64% in those aged > 85 yrs. In a Swiss study, the 28-day 
fatality rate among bacteremic sepsis patients was 37% and the two most powerful 
predictors of 28-day mortality in this study remained the APACHE II score and the 
number of evolving organ dysfunctions (Hugonnet et al. 2003). Similar figures have been 
published in other sepsis studies (Brun-Buisson et al. 2004, Finfer et al. 2004, Vincent et 
al. 2006), while lower figures were reported in the Finnsepsis study (ICU mortality 
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15.5%, hospital mortality 28.3%) (Karlsson et al. 2007). According to a recent study, 
mortality from septic shock is dependent on the time between the administration of 
effective antimicrobials and the identification of septic shock, being only 25% if 
antimicrobial medication was initiated within the first hour and 89% if it was initiated 
within six to nine hours (Kumar et al. 2006).  

Taking into account the high mortality rates, the international Surviving Sepsis 
Campaign published in 2004 severe sepsis guidelines with the aim to improve the 
prognosis of severe sepsis and to reduce the mortality from severe sepsis by 25% in 5 
years (Dellinger et al. 2004). The interventions recommended included the maintenance 
of blood glucose levels < 8.3 mmol/l, stress-dose steroid therapy for septic shock; 
administration of recombinant activated protein C to patients with severe sepsis and high 
risk for death; a semirecumbent bed position unless contraindicated; and protocols for 
weaning 

2.6.2  Pneumonia 

2.6.2.1  Community-acquired pneumonia 

Community-acquired pneumonia (CAP) is a common illness, and up to 42% of these 
patients require hospital admission (Jokinen et al. 1993). In a multicentre study, 12.7% of 
pneumonia inpatients were admitted into ICU, with the ICU admission rates ranging from 
8.8 to 26.1% across the participating centres (Angus et al. 2002). In a British survey, 
admissions into ICU due to CAP increased by 128% during the years 1994–2004 
(Woodhead et al. 2006). Severe CAP is considered a distinct clinical entity, which usually 
requires ICU management and has a particular epidemiology and a somewhat different 
distribution of etiological pathogens compared with the less severe forms of community-
acquired pneumonia (Cohen et al. 2004). Streptococcus pneumoniae has been reported to 
be the most common bacterial aetiology for severe CAP (Rello et al. 2003, Ruiz et al. 
1999).  

In a meta-analysis of severe CAP, the mortality rate of ICU-admitted CAP patients 
was 36.5%, with a range from 21.7% to 57.3% (Fine et al. 1996): mortality rates were 
almost fourfold in ICU-treated patients compared to non-ICU patients (Angus et al. 
2002). In a multicentre study, however, there was no difference in ICU mortality between 
patients with or without CAP requiring mechanical ventilation (Tejerina et al. 2005). A 
similar mortality rate (43%) was reported in a French study, where Klebsiella 
pneumoniae as the bacterial etiology and a positive blood culture as well as the initial 
severity of illness were independent risk factors for death (Paganin et al. 2004). The 
severity of illness on admission and sepsis or septic shock have also been associated with 
high mortality in other studies (Tejerina et al. 2005, Yoshimoto et al. 2005). In the British 
survey, higher mortality was seen among those who were admitted into ICU later during 
their hospital stay (Woodhead et al. 2006). In addition to having high mortality, ICU-
treated pneumonia patients had slower recovery, and a lower proportion of the patients 
had resumed work or their usual activities one month after admission (Angus et al. 2002).  
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2.6.2.2  Hospital-acquired pneumonia 

Earlier literature on hospital-acquired pneumonias (HAP) necessitating ICU admission is 
rare. In a French study, pneumonias accounted for 38% of the hospital-acquired 
infections treated in ICU (Alberti et al. 2002). Patients with HAP admitted into ICU had 
high mortality (53%), especially those with septic shock and chronic obstructive 
pulmonary disease (COPD) (Valles et al. 2003). Gram-negative rods predominated in the 
bacterial etiology of HAP (Alberti et al. 2002), Pseudomonas aeruginosa being the most 
frequent pathogen isolated (Valles et al. 2003). 

2.6.2.3   VAP 

Studies of VAP have often provided contradictory results due to the absence of 
standardized criteria for its diagnosis and the wide variation of the patient populations 
studied. The frequency of VAP varied from 4% to 48% even within the same study 
population, depending on the selected definition criteria (Minei et al. 2000). VAP is 
generally the most frequent nosocomial infection in the ICU, accounting for 25–46.9% of 
ICU-acquired infections (see table 2), and the VAP incidence varies from 6.8% to 22.3% 
(Bercault & Boulain 2001, Cook et al. 1998, Fagon et al. 1996, Hugonnet et al. 2004, 
Kollef 1993, Papazian et al. 1996, Rosenthal et al. 2005, Warren et al. 2003). Incidence 
densities per 1000 patient days have varied from 12 to 19 and those per 1000 ventilator 
days from 3.7 up to 50. The pooled cumulative incidence of VAP in patients receiving 
mechanical ventilation was 9.7% in one analysis, which covered 38 prospective cohort or 
nonrandomized studies with 48 112 patients, and 22.8% when 51 prospective randomized 
trials with 4802 patients were pooled (Safdar et al. 2005). VAP was diagnosed clinically 
almost twice as often as it was microbiologically confirmed. However, it has been shown 
that microbiological confirmation of the diagnosis by invasive techniques usually does 
not add any prognostic information (Timsit et al. 1996). There is only one randomised 
study where an invasive strategy was associated with reduced mortality (Fagon et al. 
2000). Otherwise, controversial opinions have been published (Chastre et al. 2006, 
Fujitani & Yu 2006). In one recent survey, too, two diagnostic strategies for VAP – 
bronchoalveolar lavage (BAL) with a quantitative culture of the BAL fluid and 
endotracheal aspiration with a nonquantitative culture of the aspirate – were associated 
with similar clinical outcomes and similar use of antibiotics (The Canadian Critical Care 
Trials Group, 2006), but there were methodological problems in, for example, the 
exclusion criteria of that survey (Kollef 2006). It has been demonstrated that the NNIS 
criteria introduced for epidemiological purposes are not suitable for a bedside diagnosis 
of VAP and will lead to less well targeted treatment of these patients, i.e. undertreatment 
of some patients (up to 20% of patients) and overtreatment of some others (Miller et al. 
2006). To sum up, an invasive diagnostic approach may be beneficial, but further studies 
are needed. 

In the pathogenesis of VAP, bacterial colonization of the oral cavity and subsequent 
aspiration of oropharyngeal fluids along the endotracheal tube are of major importance 
(American Thoracic Society 2005). Interventions that reduce the concentrations of oral 
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microbial flora, such as topical chlorhexidine, have been beneficial in preventing VAP 
(Chlebicki & Safdar 2007, Koeman et al. 2006). The role of the gastrointestinal tract as a 
source of oropharyngeal and tracheal colonization is more controversial ((Bonten et al. 
1997). Nasal sinuses are also potential sources of infected secretions (Hernandez et al. 
2004). Most risk factors associated with VAP, apart from mechanical ventilation, 
appeared to predispose the patient to either colonization of the aerodigestive tract with 
pathogenic microbes (e.g. prior use of antibiotics (Kollef 1993) or aspiration (e.g. 
witnessed aspiration, paralytic agents (Cook et al. 1998), supine positioning (Kollef 
1993)). Male gender, organ system failure (Kollef 1993), admission diagnosis of burns, 
trauma, CNS disease and respiratory or cardiac disease (Cook et al. 1998, Rello et al. 
2002) have been reported to be other risk factors. Cook et al. found that, although the 
cumulative risk of VAP increased over time, the daily hazard rate decreased after day 
five. It is noteworthy that the risk factors were the same regardless of the pneumonia 
definition used (Cook et al. 1998). 

The microbiological aetiology of VAP differs according to the patient population 
studied, the lengths of stay in hospital and ICU and the specific diagnostic methods used. 
In 24 studies with altogether 1689 VAP episodes, where the aetiology of VAP was 
investigated bronchoscopically, gram-negative bacilli (GNB) accounted for 58% of the 
organisms recovered (Chastre & Fagon 2002). The most common GNB were 
Pseudomonas aeruginosa, Acinetobacter species and Enterobacteriaceae. 
Staphylococcus aureus was the most common gram-positive bacterium recovered, being 
present in 20% of the cases. In VAP diagnosed during the first days of admission, i.e. 
early-onset VAP, the causative agents are usually the endogenous oropharyngeal flora and 
high rates of Haemophilus influenzae, Streptococcus pneumoniae, Staphylococcus aureus 
and antibiotic-sensitive Enterobacteriaceae. In late-onset VAP, the causative organisms 
are usually exogenous organisms such as Pseudomonas aeruginosa, Acinetobacter 
species, Stenotrophomonas or other antibiotic-resistant GNB or MRSA (Hernandez et al. 
2004, Rello et al. 1999). 

The current literature on the impact of VAP on outcome is controversial. Prospective 
cohort studies have reported attributable mortality rates from 21% to 34% (Appelgren et 
al. 2001, Rosenthal et al. 2003b). Several interventional studies of selective digestive 
decontamination or semirecumbent positioning have shown reduced VAP rates, but the 
influence of that on mortality has been controversial (D'Amico et al. 1998, Drakulovic et 
al. 1999, van Nieuwenhoven et al. 2006). In a small case-control study of case patients 
who died and control patients who were discharged from ICU, similar proportions (36%) 
of both groups developed VAP, and VAP was not an independent risk factor for death in 
multivariate analysis (Bregeon et al. 2001). A similar finding was also reported in an 
earlier cohort study (Kollef 1993). A study using data from a large US inpatient database 
reported significantly longer ICU and hospital stays for patients with VAP, while hospital 
mortality did not differ significantly between cases and matched controls (Rello et al. 
2002).  

In a study where specific invasive techniques were used to diagnose pneumonia, 
nosocomial pneumonia was independently associated with mortality (Fagon et al. 1996), 
and a similar finding was reported in a large case-control study with a strict matching 
process (Bercault & Boulain 2001). Mortality associated with VAP also differs by 
bacterial aetiology, being higher with resistant microbes such as Pseudomonas 
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aeruginosa or Acinetobacter species (Chastre & Fagon 2002). The treatment of VAP is 
also an important determinant of outcome; inappropriate initial antibiotic treatment has 
been associated with excessive hospital mortality (Luna et al. 1997, Luna et al. 2006). 

2.6.3  Intra-abdominal infections 

In a French study, the digestive tract or peritoneum was the infection focus in 17.5% of 
CAIs and 32.7% of HAIs in patients admitted into ICU. Over half of all infections were 
polymicrobial (Alberti et al. 2002). Among patients with septic shock on ICU admission, 
intra-abdominal infection was the focal infection in 29.3%: bowel perforation was the 
most common cause (8.3%), followed by ischaemic bowel (6.1%) (Kumar et al. 2006).  

Reports on ICU-acquired intra-abdominal infections are rare, while the incidence of 
these infections has varied from 2% in surgical ICU patients (Craven et al. 1988) to 8.5% 
in a French multicentre study (Alberti et al. 2002). In a British study, 4.4% of patients 
admitted into ICU after abdominal surgery underwent relaparotomy for suspected 
intraperitoneal sepsis at a median of five days after the initial procedure (Hutchins et al. 
2004). In a prospective study from 1991-2002, the incidence of intra-abdominal infection 
treated in ICU was 5.75%, and de novo infection accounted for 71.8% of cases and 
nosocomial infection for 28.2% of cases (Barie et al. 2004). In this study, 73.7% of 
patients developed organ dysfunction, and mortality was 22.6%. Surprisingly, many 
studies of ICU-acquired infections did not report the proportion of these infections at all 
(Erbay et al. 2003, Fernandez-Crehuet et al. 1997, Rosenthal et al. 2003a).  

2.6.4  Bloodstream infections 

2.6.4.1  Community-acquired bloodstream infections 

In a prospective multicentre study, a BSI incidence of 10.2 episodes per 1000 ICU 
admissions was reported. The most common sources of secondary BSIs were lower 
respiratory tract infections (20.6%), intra-abdominal infections (20.1%) and genitourinary 
tract infections (19.8%). The rate of primary BSI was (29.2%). A systemic response to 
BSI was classified as sepsis in 25% of episodes and as septic shock in 55%. The 
independent risk factors for death included delayed appropriate antibiotic treatment, 
presence of septic shock and APACHE II score ≥ 15. Overall mortality was as high as 
41.5%. (Valles et al. 2003). 

2.6.4.2  ICU-acquired bloodstream infections 

Bloodstream infections account for 3.5–30% of ICU-acquired infections, and their 
incidence density has varied within 2.0–4.6 per 1000 central catheter days (tables 1, 2 and 
3). The intravascular device associated with the greatest risk if BSIs is the central venous 
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catheter (Weinstein & Maki 2004), and infections derive from the cutaneous bacterial 
flora at the insertion site. The subclavian route of insertion has been recommended 
(O'Grady et al. 2002). However, the incidence of central venous catheter infection and 
colonization was not different at three sites (i.e. internal jugular, subclavian or femoral) in 
a study where the optimal insertion sites were selected, experienced operators inserted the 
catheters, a strictly sterile technique was observed, and trained intensive care unit nursing 
staff performed catheter care (Deshpande et al. 2005). Ultrasound-guided catheterisation 
was recently reported in a randomised study to prevent CR-BSIs (Karakitsos et al. 2006).  

The most common microbial aetiologies were Staphylococcus aureus, viridans group 
streptococci and coagulase-negative staphylococci in a survey where one third of 
infections were secondary (Laupland et al. 2006). In an earlier study, the leading 
pathogens were coagulase-negative staphylococci, Staphylococcus aureus and enteric 
gram-negative rods, particularly Enterobacter species and Serratia marcescens (Pittet et 
al. 1994). 21% of these infections were polymicrobial. Primary BSIs constituted 20% of 
the infections; pneumonias and central catheter-related infections were the leading 
sources for secondary BSIs. 

The impact of BSIs on mortality and length of stay is controversial, with some studies 
reporting 10–25% increased mortality and prolongation of hospital stay, while some other 
studies report no attributable mortality (Appelgren et al. 2001, Digiovine et al. 1999, 
Pittet et al. 1994, Renaud et al. 2001, Rosenthal et al. 2003, Soufir et al. 1999). In a 
multicentre study, the risk for death associated with primary infections and CR-BSIs 
appeared much lower than that due to secondary BSIs (Renaud et al. 2001). A case-
control study of 57 patients with catheter-related infection revealed no significant 
difference in hospital mortality between cases and controls, while the length of hospital 
stay was increased by 19.6 days (Rello et al. 2000). It should be noted that the majority of 
infections in this series were caused by coagulase-negative staphylococci. In contrast to 
that, there are three matched studies with larger patient populations, where ICU-acquired 
BSI was associated with significant attributable mortality (Garrouste-Orgeas et al. 2006, 
Laupland et al. 2006, Pittet et al. 1994). It is noteworthy that BSIs were not restricted to 
catheter-related ones in those studies. When adjusted for risk exposure time and severity 
on admission and during the ICU stay, BSI was associated with increased mortality, but 
considerable variation occurred across the BSI subgroups (Garrouste-Orgeas et al. 2006). 
The attributable mortality due to BSI was highest in patients with less severe illness, 
while the impact of BSI on mortality was lower in patients with higher initial severity 
(Kim et al. 2005). In another study, CR-BSI was associated with increased mortality even 
when adjusted for severity factors on ICU admission (Soufir et al. 1999). However, after 
adjustment for severity factors during the ICU stay and before the infection, there was 
only a trend toward CR-BSI attributable mortality. In addition to attributable mortality, 
BSIs have also been associated with increased health care costs (Laupland et al. 2006, 
Warren et al. 2006). 
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2.6.5  Urinary tract infections 

UTI is a common type of infection: 14.2% of hospitalized patients have been reported to 
have community-acquired UTI and 23.2% hospital-acquired UTI (Emmerson et al. 
1996). It is, however, rarely a cause for ICU admission. In a French study, UTI 
represented 7.2% of CAIs and 8.2% of HAIs treated in the ICU, and in an European 
multicentre study, the urinary tract was the infection focus in 12% of sepsis patients 
admitted into ICU (Alberti et al. 2002, Vincent et al. 2006). 

UTIs account for 7.8–23.6% of ICU-acquired infections, and the incidence densities 
vary from 1.7 to 8.5 episodes per 1000 urinary catheter days (tables 1, 2 and 3). An 
incidence density of 9.6 was reported in a survey with 111 ICU-acquired UTIs, where the 
most common etiologies were Enterococcus species (24%), Candida albicans (31%) and 
Escherichia coli (15%) (Laupland et al. 2002). The incidence density of 
bacteremic/fungemic ICU-acquired UTI was only 0.1 per 1000 in this survey. Among 
patients with bacteriuria, symptoms of UTI and bacteremia developed in 24% and 3.6% 
of patients, respectively (Saint 2000/2). In a recent study, a lower UTI rate (1.5%) was 
reported, and the authors suggested that UTI may have been overdiagnosed in the earlier 
literature due to the difficulties to differentiate between colonisation and infection 
(Agarwal et al. 2006/8). Two thirds of UTIs are asymptomatic and usually require no 
therapy, but they have an impact on the emergence of bacterial resistance (Wagenlehner 
et al. 2006/8). 

UTIs in the ICU are usually related to urinary catheters or invasive urinary tract 
procedures, and their pathophysiology is characterized by colonization by micro-
organisms from the colonic flora. Female sex, length of ICU stay, prior use of antibiotics, 
severity score on admission and duration of catheterization have been reported as 
independent risk factors for catheter-associated bacteriuria (Leone et al. 2003) and female 
sex and length of stay for UTI (Laupland et al. 2002). Development of ICU-acquired UTI 
was associated with significantly higher crude ICU-related mortality, but after controlling 
for other significant variables, ICU-acquired UTI was not independently associated with 
death (Laupland et al. 2002). Attributable mortality of 5.7% in patients with UTI was 
reported in a cohort study which figure was much lower than that for VAP or BSIs 
(Rosenthal et al. 2003b). 

2.6.6  Surgical site infections 

The proportion of surgical site infections (SSI) is not frequently reported in ICU studies. 
There is only one study where wound infection was the most common nosocomial 
infection (34%) in a series with 80% of patients admitted due to surgical causes 
(Appelgren et al. 2001). Much lower figures have been reported elsewhere (Erbay et al. 
2003), which may reflect differences in the case mix of trauma and other surgical patients 
in the different study populations, or SSIs may even have been excluded from the study 
(Rosenthal et al. 2003b). 
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2.7  Impact of ICU-acquired infections on short-term outcome 

2.7.1  Impact of ICU-acquired infections on ICU and hospital mortality 

As shown by table 6, crude ICU mortality rates associated with ICU-acquired infections 
vary from 17% to 39%, while the corresponding figures for hospital mortality range from 
3% to 18%, depending on the study population and the definitions used. The risk factors 
for mortality are presented in table 5. The assessment of attributable mortality is a 
controversial issue, since the patients who develop an ICU infection are often sicker and 
have a greater risk of death per se than those without an ICU-acquired infection (Vincent 
2003). Patients with ICU-acquired infections had a threefold relative risk of fatality 
(Craven et al. 1988). A similar figure was also reported in another cohort study (Bueno-
Cavanillas et al. 1994), where the impact of ICU-acquired infection in multivariate 
analysis was also found to be strongest among younger and severely ill patients. Case-
control studies have also reported increased mortality among case patients with ICU-
acquired infection compared to their controls (Girou et al. 1998, Sanchez-Velazquez et al. 
2006) 

The impact of ICU-acquired infections on hospital mortality has also been reported to 
vary according to infection status on admission. Mortality in the ICU-acquired infection 
group was 39.6% in patients with no infection on admission, 46.3% in patients with 
community-acquired infection on admission and 45.7% in patients with hospital-acquired 
infection on admission. The impact of ICU-acquired infection on mortality was highest in 
the non-infected group (Alberti et al. 2002).  

In the EPIC study, the 6-week mortality rate was 16.8%, and there was marked 
variation in mortality by country (from 8.4% to 28.5%) (Vincent et al. 1995). Three ICU-
acquired infections (pneumonia, bloodstream infection, clinical sepsis) were associated 
with an increased risk of death in multivariate analysis, while in a Mexican prevalence 
study, the most significant risk factor for mortality was a diagnosis of inflammatory 
processes (SIRS, severe sepsis and septic shock). Six-week mortality in their series was 
higher (22.5%) than in EPIC, while patients with ICU-acquired infection had only 
slightly higher mortality (25.5%) (de Leon-Rosales et al. 2000).  

2.7.2  Impact of ICU-acquired infections on length of stay 

ICU infections are also associated with an increased length of stay in ICU and in hospital 
(table 6). Girou et al. showed in their case-control study that mortality attributable to 
nosocomial infection was 44%, and excess length of stay was 14 days (Girou et al. 1998). 
It was also shown in a retrospective cohort study that, after adjustment for APACHE II 
scores and other variables, ICU-acquired infection was associated with LOS prolonged 
by 18.2 days per patient (Chen et al. 2005). In prospective cohort studies, ICU-acquired 
infections have prolonged ICU stay by 7–14 days (Appelgren et al. 2001, Agarwal et al. 
2006/8, Vosylius et al. 2003). 
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Table 5.  Risk factors for hospital mortality in multivariate analysis. 

 Risk factor Study 
steroids or chemotherapy (Craven et al. 1988, de Leon-Rosales et 

al. 2000) 
renal failure (Craven et al. 1988) 
age (Kim et al. 2005, Vincent et al. 1995) 
malignancy (Appelgren et al. 2001, Vincent et al. 

1995) 
fatal underlying disease (Fagon et al. 1996) 
surgical cause of admission (Appelgren et al. 2001) 
cirrhosis (Kim et al. 2005) 

Factors related to 
underlying diseases and 
age 

admission from other ICU (Fagon et al. 1996) 
severity of illness on admission (Bueno-Cavanillas et al. 1994, Craven et 

al. 1988, Agarwal et al. 2006/8, Vincent 
et al. 1995, de Leon-Rosales et al. 2000) 

infection on admission (Craven et al. 1988) 
acute respiratory failure (Craven et al. 1988) 
neurologic failure (Craven et al. 1988, de Leon-Rosales et 

al. 2000) 
severity of organ failures (Bueno-Cavanillas et al. 1994, Fagon et 

al. 1996, Vincent et al. 1995, de Leon-
Rosales et al. 2000) 

Factors related to acute 
disease process 

trauma with open fractures (Appelgren et al. 2001) 
ICU stay ≥ 21days (Vincent et al. 1995) 
hemodialysis (Appelgren et al. 2001, de Leon-Rosales 

et al. 2000) 
mechanical ventilation (Appelgren et al. 2001) 

Factors related to 
diagnostic and 
therapeutic procedures 

central venous catheter (Appelgren et al. 2001) 
ICU-acquired infection (Bueno-Cavanillas et al. 1994) 
clinical sepsis (Vincent et al. 1995) 
SIRS1/severe sepsis/septic shock (de Leon-Rosales et al. 2000) 
nosocomial intra-abdominal infection (Craven et al. 1988) 
ICU-acquired pneumonia (Fagon et al. 1996, Vincent et al. 1995) 

Infections 

ICU-acquired bloodstream infection (Fagon et al. 1996, Kim et al. 2005, 
Vincent et al. 1995) 

1 Systemic inflammatory response syndrome 



 34

Table 6. Overall impact of ICU infections on outcome. 

Attributable 
mortality 

Study Number of ICUs/ 
patients1  

Crude mortality % 

ICU hospital

Prolongation of 
ICU stay 

(Bueno-Cavanillas et al. 
1994) 

Single mixed/ 279   without ICUI 11.3  
with ICUI 28  

16.7   

(de Leon-Rosales et al. 
2000) 

/895 6 weeks mortality 22.5  
 with ICUI 25.5  

 3  

(Appelgren et al. 2001) Single mixed/ 574 60 day mortality without 
ICUI 22 

 with ICUI 40* 

 18  

(Vosylius et al. 2003) Single mixed/ 812 Hospital mortality without 
ICUI 35 

 with ICU 47 * 

  12 8.3 

(Erbay et al. 2003).  Single mixed/ 434 ICU mortality 
without ICUI 22.1 
with ICUI 60.9 * 

38.8   

(Colpan et al. 2005) Single mixed/ 334 ICU mortality  
without ICUI 37.8 

 with ICUI 66.3 

28.5   

* P < 0.05 
1 mixed = medical/surgical ICU 

2.8  Long-term outcome 

2.8.1  Long-term mortality 

Long-term mortality has varied from 31% to 70%, depending on the study population and 
the follow-up time (Fakhry et al. 1996, Garcia Lizana et al. 2003, Granja et al. 2002, 
Niskanen et al. 1999, Roch et al. 2003). A Finnish study reported the survival of ICU 
patients to be paralleled to that of an age- and gender-adjusted general population two 
years after admission (Niskanen et al. 1996). In a Spanish study, 13.4% of the study 
population died within 18 months after hospital discharge, and 82% of the patients who 
died did so by six months post-ICU discharge (Garcia Lizana et al. 2003). 

Studies on long-term mortality from various infectious conditions treated in ICU are 
sparse, especially those on ICU-acquired infections. Quartin et al. reported that sepsis 
increases the risk of death for up to five years after the septic episode even when 
comorbidities are accounted for (Quartin et al. 1997). In another US study of 153 
bacteremic patients, the percentage of patients surviving decreased dramatically during 2 
and 6 months after discharge; by two months after discharge 56.9% had, died while at six 
months the corresponding figure was 68%. One-year mortality was 71.9%. The initial 
severity of illness (Acute Physiologic score) was a useful measure of prognosis within the 



 35

first month after ICU admission, but beyond this period, prognostic utility decreased. 
Both malignancies and HIV disease (25% of the study population were HIV-positive) 
were significant predictors of shorter survival, as were blood cultures positive for 
Pseudomonas aeruginosa or fungi (Sasse et al. 1995). In a study of patients with gram-
negative sepsis, 58% of patients died during the follow-up after a median interval of 30.5 
days. In multivariate analysis, the independent predictors of mortality included rapidly 
fatal and ultimately fatal severity of the underlying illness, the initial severity of illness, 
the use of vasopressors and the presence of Acute Respiratory Distress syndrome 
(ARDS). Mortality was high during the three-month period after sepsis, after which it 
reached a plateau; of all deaths, 78% occurred by one year (Perl et al. 1995). In a more 
recent study, ARDS did not seem to increase post-discharge mortality (Davidson et al. 
1999b). However, long-term mortality was strongly influenced by the risk factor for 
ARDS; sepsis patients had a six-fold mortality rate compared to trauma patients. Reduced 
quality of life was also reported among patients with ARDS compared with critically ill 
control patients (Davidson et al. 1999a). The underlying disease had a significant impact 
on long-term mortality in a study of patients with intra-abdominal infection, where long-
term mortality was 10% in a pancreatic necrosis group, 28% among patients with intra-
abdominal infection due to a benign disease and as high as 80% among patients with 
infection due to cancer, while the in-hospital mortality rates were 24%, 50% and 54%, 
respectively (Kriwanek et al. 1998). 

2.8.2  Long-term health-related quality of life 

Diagnostic category has a significant impact on health-related quality of life (HRQOL), 
with trauma patients experiencing considerable worsening and scheduled surgery patients 
experiencing improvement in their quality of life (Badia et al. 2001). ICU variables 
(length of stay and severity of illness, etc.), when adjusted for background variables, were 
generally not associated with HRQOL (Granja et al. 2002). The two exceptions were a 
longer ICU LOS associated with a higher risk of mobility and self-care problems and 
diagnosis (such as medical or multiple trauma) associated with the pain/discomfort 
dimension. Minimal education and previous health status were the only variables 
significantly associated with the Visual Analogue scale (VAS), suggesting that 
impairment of QOL after intensive care may, at least partially, be attributable to the 
chronic disease present before the critical illness. In general, the ICU population’s worse 
HRQOL was more often reported for the domains of pain/discomfort and 
anxiety/depression than for the physical domains (Granja et al. 2002). The severity of 
illness on admission and the degree of organ dysfunction during the ICU stay were 
associated with an increased incidence of anxiety/depression, but not with alterations in 
self-care or mobility (Granja et al. 2002).  

In a Spanish study, long-term HRQOL in 305 patients with severe sepsis and septic 
shock was compared to that of 392 patients without sepsis (Granja et al. 2004). Sepsis 
respondents reported no problems on any of the five dimensions of the EQ-5D at 
percentages ranging from 54% for usual activities to 76% for self-care, and they reported 
significantly fewer problems on the anxiety/depression dimension compared to non-
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sepsis patients. Although sepsis respondents had a greater severity of disease on 
admission, they performed equally well or even better than other ICU survivors, which 
reflects the reversibility of sepsis (Granja et al. 2004). Similar results on the long-term 
sequalae of mental health problems were reported by Heyland et al., who pointed out that 
sepsis survivors had significantly lower HRQOL related to physical and social functions 
compared with the US norms, but there were no significant differences in the emotional 
or mental health scores. The HRQOL scores of survivors of sepsis did not differ from the 
HRQOL of survivors of acute lung injury (Heyland et al. 2000). Long-term survivors of 
gram-negative sepsis reported more physical dysfunction, including problems with work 
and activities of daily living, more bodily pain and more poorly perceived general health, 
compared to the general population controls, while higher mental-health scores were also 
reported in this study (Perl et al. 1995). In contrast, in a Finnish study, multi-organ 
dysfunction (MOD) had a significant impact on several quality of life domains, with 
maximum impairment in the domains of mental health, social functioning, vitality and 
emotional problems (Pettila et al. 2000). However, MOD patients had clinically relevant 
impairment only in the domains of vitality and role limitations when compared to non-
MOD patients. The diagnoses of pancreatitis and meningitis were associated with better 
QOL. In another study with shorter follow-up times, survivors of MOD showed 
significant deterioration in all domains measuring physical health compared to non-MOD 
patients, while no significant differences were seen in mental health (Wehler et al. 2003). 
However, when compared to the preadmission situation, patients with unimpaired 
HRQOL on admission reported deterioration of their physical health domains at follow-
up, whereas patients with reduced preadmission HRQOL returned to their premorbid 
status. It is noteworthy that the majority of survivors (92%) were living at home, and all 
but six of those who were working before admission (70 patients) had been able to return 
to work. Long-term HRQOL also depends on the availability of rehabilitation procedures, 
which have been effective in improving physical recovery and reducing depression (Jones 
et al. 2003). 



3 Aims of this study 

The aims of the present study were to evaluate the epidemiology and outcome of 
infections treated in intensive care. More specifically, the aims were to: 

1. compare the spectrum of infections, co-morbidities and outcomes of patients admitted 
into an intensive care unit (ICU) due to either community- or hospital-acquired 
infections. 

2. analyse the distribution of ICU-acquired infections. 
3. evaluate the impact of ICU-acquired infections on hospital mortality. 
4. evaluate the impact of ICU-acquired infections on patients’ long-term mortality, 

subjective health status and quality of life. 



4 Patients and methods 

4.1  Study location 

This study was conducted at Oulu University Hospital, which is a 900-bed tertiary level 
teaching hospital. The mixed adult medical-surgical ICU was a 10-bed unit with one six-
bed, one two-bed and two single-bed rooms. This ICU has 700–750 annual admissions, 
and 49% of the admissions are surgical and 41% medical. The hospital has separate 
coronary care and postoperative intensive care units. The Ethical Committee of Oulu 
University Hospital approved the study protocol. 

4.2  Patients 

All patients admitted into the ICU during May 2002–June 2003 whose ICU stay was 
expected to be longer than 48 hours were included into the study. The patients whose ICU 
stay was less than 48 hours were typically postoperative and trauma patients or patients 
with intoxication admitted for overnight follow-up, and they were excluded. The presence 
and criteria of infection were assessed daily on the ward round by an infectious disease 
specialist together with the ICU physician responsible for the patients’ care. The patients 
included into the study were prospectively followed up until discharge from hospital or 
death. A long-term outcome survey was conducted in January 2005, when mortality data 
was obtained from the hospital database, which had been updated with data from Central 
Statistical Office of Finland, and a health-related quality of life (HRQOL) survey was 
performed among the survivors. 

4.3  Study parameters 

The following information was collected for all study patients: age, gender, severity of 
underlying diseases and organ dysfunctions on admission as assessed by APACHE II 
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score (Knaus et al. 1985) and Sequential Organ Failure Assessment (SOFA) score 
(Vincent et al. 1998), smoking habits, alcohol or drug abuse, presence of ischaemic heart 
disease, chronic obstructive pulmonary disease (COPD), asthma, diabetes mellitus, 
chronic renal or hepatic failure, underlying malignancy, recent use of immunosuppressive 
therapy, previous history of transient ischaemic attack (TIA) or stroke, elective or 
emergency operations during the preceding 14 days, infection on admission or during the 
ICU stay, previous antimicrobial therapy. The intensity of treatment was recorded by the 
Therapeutic Interventions Scoring System (TISS) (Cullen et al. 1974, Keene & Cullen 
1983). The length of stay in the ICU and at hospital as well as ICU and hospital mortality 
were recorded. 

The diagnosis of infection was based on the criteria required for the definition of the 
Centers for Disease Control and Prevention (CDC) (Garner et al. 1988, Horan et al. 
1992) with the modifications described in the Appendix. Urine was routinely cultured on 
admission. Microbiological samples from blood, urine, tracheal secretions and any 
suspected infection focus were always obtained when a new infection was suspected 
during the ICU stay. Whenever a central vascular catheter was used, it was always 
removed and sent to culture when a CRI was suspected. 

Bacteria, yeasts and molds were identified by standard microbiological methods based 
on growth conditions and appearence on solid media, on assimilation, decradation and 
fermentation of sugars and other organic compounds and on spesific antigenic and 
nucleic acid tests. Commercial kits such as API and rapid ID32 tests by bioMérieux®; 
RapIDTm tests by Remel, Lenexa, Ks, USA were used. Susceptibility of bacterial strains 
was measured by disk diffusion tests based on guidelines of the Clinical and Laboratory 
Standards Institute (CLSI, Wayne, PA, USA) and by E-test (AB Biodisk, Solna, Sweden) 
against those antimicrobials generally used in human clinical practice in Finland. 
Similarly the antifungal susceptibility of yeasts strains was measured by the E-test. The 
microbiological studies were carried out in the Clinical Microbiology Laboratory of the 
Oulu University Hospital. 

4.4  Data registration and statistical analysis 

Data were collected daily by the author and entered into a SPSS database (SPSS Data 
Entry, version 2.0, SPSS Inc., Chicago, IL). Summary statistics for continuous or ordinal 
variables are expressed as median with 25th and 75th percentiles or as mean with standard 
deviation (SD), and the analysis between groups was done by one-way analysis of 
variance or the Kruskal-Wallis test (the latter in the case of non-normally distributed 
data). Categorical variables were analysed by Pearson’s Chi-square test or Fisher’s exact 
test, if appropriate.  

When the impact of an ICU-acquired infection on hospital mortality was analysed 
(III), the predicted mortality with 95% confidence interval (CI) was calculated using the 
APACHE II risk score. Logistic regression analysis was used to evaluate the odds ratios 
(OR) with 95% CI. Two parallel multivariable models were constructed: 1) APACHE 
score and age-adjusted model and 2) SOFA score and age-adjusted model. All potentially 
significant (p ≤ 0.20) variables were entered into both models. Possible interactions 
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between ICU-acquired infection and other variables in the final models were analyzed. 
The linearity assumption of the continuous variables (APACHE II and SOFA scores and 
age) was checked by creating a design variable based on quartiles. Goodness-of-fit was 
evaluated by the Hosmer-Lemeshow test. 

In the long-term outcome analysis, the multivariate Cox regression model was used to 
assess the impact of ICU infection on long-time survival, while the other parameters in 
the final model were selected on statistical grounds (p < 0.05) (IV). The impact of ICU-
acquired infection on the EQ-5D self-care (no problems or some problems) dimension 
was evaluated by logistic regression analysis. The linearity assumption of the continuous 
variable for age did not hold, and a dichotomous covariate at age 50 (< 50 vs. ≥ 50) was 
therefore created. Goodness-of-fit was evaluated by the Hosmer-Lemeshow test. The 
other variables entered into the multivariate Cox and logistic regression models besides 
the ICU-acquired infection were the APACHE II score, chronic underlying disease, 
infection on ICU admission, sepsis, severe sepsis or septic shock on admission, 
community or hospital-acquired pneumonia on admission, admission diagnostic category 
(medical, surgical non-trauma, trauma, neurological), ICU length of stay, SOFA score on 
admission and on ICU discharge and the normal face validity parameters of age, sex, 
smoking habits and alcohol abuse. No significant interactions or collinearities between 
ICU infection and the other parameters in either multivariate model were found. Further, 
nested models were compared by the likelihood ratio test to select the best model. The 
log-linearity assumption of the continuous variables was checked by creating a design 
variable based on quartiles, and the assumption of proportional hazards was evaluated 
graphically by log-minus-log survival plots. Log-rank test results are presented for the 
Kaplan-Meier survival curves. A weighted health state index, the EuroQol 5D Index, 
based on the five dimensions and ranging from -0.11 ('worse than death') to 1 ('perfect 
health'), was also calculated. (Calculation of the weighted health state index score: 
http://www.ahrq.gov/rice/EQ-5Dscore.html.) 

Two-tailed p-values are reported, and the analyses were performed by the SPSS 
(version 12.0.1, SPSS Inc., Chicago, IL) software. 

4.5  Health-related quality of life measurement 

HRQOL was measured using the EQ-5D questionnaire (Brooks 1996). The questionnaire 
contains two parts: the EQ-5D self-classifier, a self-reported description of current health 
problems according to five items (mobility, self-care, usual activities, pain/discomfort 
and anxiety/depression), each with three response alternatives (1 = no problems, 
2 = moderate problems, 3 = severe problems). The second part is a Visual Analogue Scale 
(EQ-VAS) ranging from 0 (worst possible health state) to 100 (best possible health state), 
on which the patients rate their current health. All survivors were sent the following 
materials by mail in January 2005: 1) a cover letter explaining the objectives of the study 
and requesting the patient's or his/her relatives' collaboration in completing the 
questionnaire. 2) a copy of the EQ-5D questionnaire. 3) a form for accessory questions 
regarding each patient's subjective overall assessment of health status compared to the 
situation before ICU treatment and their current employment status. 

http://www.ahrq.gov/rice/EQ-5Dscore.html
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If there was no initial response to the questionnaire, the patients were contacted by 
phone at least twice at different time points by a trained ICU study nurse, who repeated 
word for word the questions in the EQ-5D questionnaire and asked the patient to answer 
yes or no. 



5 Results 

5.1  Study population 

The total study population collected during 14 months was 817. Altogether 388 patients 
had an ICU stay of less than 48 hours, of whom 32 died; nine of them had an infection, 
four of which were community-acquired (2 bacteremias, 1 pneumonia and 1 peritonitis) 
and five hospital-acquired (1 bacteremia, 4 gastrointestinal infections). The median ICU 
stay in the whole population was 2 days (interquartile range 0.9–4.9). Of all patients 
admitted, 432 (52.8%) had an ICU stay > 48 hours. For each patient, only the first ICU 
stay was recorded, and the 29 readmissions (6.7%) were thus excluded. Complete data 
were not obtained for 23 patients (5.3%), and they were excluded, as were the 45 patients 
who were transferred from another ICU already with an ICU-acquired infection. The 
study cohort thus consisted of the remaining 335 patients. 

The main demographic data and clinical characteristics according to infection status 
on admission are presented in table 7.  
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Table 7. Main demographic data and clinical characteristics. 

 No infection on 
admission  

n = 84 

Community-acquired 
infection on admission

n = 149 

Hospital-acquired 
infection on admission 

n = 102 

P value1 

Male sex  57 (67.9) 94 (63.1) 66 (64.7) 0.8 
Age years  56 (42–70) 57 (46–69) 64 (51–72) 0.03 
BMI2 kg/m²  25.6 (22.7–27.8) 25.9 (23.4–29.9) 25.3 (22.7–28.3) 0.19 
WBC3 x 103 /μl on admission 9.3 (7.4–12.1) 12.1 (8.4–16.9) 11.4 (7.2–15.5) 0.003 
Alcohol abuse  18 (21.4) 31 (21.2) 12 (11.8) 0.11 
Current smoker  34 (48.6) 59 (45.0) 30 (33.0) 0.09 
Ex-smoker  6 (8.6) 11(8.4) 16 (17.6) 0.1 
Drug abuse  2 (2.5) 5 (3.4) 0 (0) 0.15 
Comorbidities     

Diabetes  12 (14.5) 32 (21.6) 26 (25.7) 0.17 
Malignancy  10 (11.9) 17 (11.6) 35 (34.3) < 0.001 
Chronic hepatic disease  8 (9.6) 13 (8.8) 5 (4.9) 0.38 
Chronic renal disease 2 (2.4) 14 (9.5) 9 (8.8) 0.11 
COPD 2 (2.4) 12 (8.1) 9 (8.9) 0.15 
Asthma  6 (7.4) 17 (11.6) 11 (11.2) 0.6 
IHD4  21 (25.9) 41 (27.7) 35 (34.7) 0.38 
Previous TIA /stroke 7 (8.4) 22 (14.9) 23 (22.5) 0.03 
Immunosuppressive 
medication 

8 (9.6) 21 (14.6) 26 (26.0) 0.009 

APACHE II on admission 22 (18–26) 24 (19–29) 24 (18–28) 0.06 
SAPS on admission 40.5 (31–47) 41 (33–52) 39.5 (31–50) 0.28 
SOFA on admission 7 (5–10) 7 (5–10) 6 (4–9) 0.36 
NOTE. Values are presented as median (interquartile range from 25% to 75%) or as the number (percentage) of 
patients. 
1 Determined by Fisher’s exact test between the three study groups for categorical variables 
2 BMI = body mass index 
3 WBC = white blood cells  
4 IHD = ischaemic heart disease 

Only 84 patients did not have an infection on admission (NI group), while 74.9% had an 
infection on admission. 59.3% had a community-acquired infection (CAI) and 40.7% a 
hospital-acquired infection (HAI). The patients with HAI were older (p = 0.003) and had 
more often a malignant underlying disease (p < 0.001) and immunosuppressive 
medication (p = 0.009) as well as a history of transient ischaemic attack or stroke 
(p = 0.03). The total white blood cell counts were highest in the CAI group (p = 0.003). 
The non-infected group and the CAI and HAI groups had high APACHE, SAPS and 
SOFA scores on admission, and these scores did not differ between the groups. 

The main reason for ICU admission according to the modified APACHE II admission 
diagnosis was circulatory failure in 117 (34.9%) patients, respiratory failure in 84 
(25.1%), post-operative surveillance in 43 (12.8%), neurological reasons in 32 (9.6%), 
trauma in 25 (7.5%) and other reasons in 34 (10.2%) patients. 
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23.9% (n = 80) of the patients developed at least one ICU-acquired infection during 
their ICU stay. (35 of those with no infection on admission, 24 of those with CAI and 21 
of those with HAI on admission). The main demographic data and clinical characteristics 
of these patients compared to those who did not develop ICU-acquired infections are 
presented in table 8. The patients with an ICU-acquired infection had less often previous 
TIA or stroke, but they had higher admission SOFA scores.  

Table 8. Main clinical characteristics of patients with ICU-acquired infections. 

 No ICU-acquired 
infection 
N = 255 

ICU-acquired infection 
N = 80 

P value 

Male sex 159 (62.4) 58 (72.5) 0.11 
Age years  59 (47–70) 59.5 (47–69) 0.70 
BMI kg/m²  25.4 (23.2–28.8) 26.1 (22.9–29.2) 0.49 
GCS1 on admission  14 (8–15) 14 (7.5–15) 0.74 
WBC on admission  11.2 (7.8–15.4) 10.3 (7.7–14.4) 0.70 
Alcohol abuse 46 (18.1) 15 (19.2) 0.87 
Current smoker 94 (42.2) 29 (42) > 0.9 
Ex-smoker 27 (12.1) 6 (8.7) 0.74 
Drug abuse 6 (2.4) 1 (1.3) 0.7 
Co-morbidities (%)    

Diabetes 55 (21.8) 15 (18.8) 0.64 
Malignancy 42 (16.7) 20 (25) 0.10 
Chronic hepatic disease 23 (9.1) 3 (3.8) 0.15 
Chronic renal disease 21 (8.3) 4 (5.0) 0.47 
COPD 17 (6.7) 6 (7.5) 0.80 
Asthma  26 (10.4) 8 (10.4) > 0.9 
IHD  74 (29.4) 23 (29.5) > 0.9 
Previous TIA /stroke 46 (18.2) 6 (7.5) 0.02 
Immunosuppressive 
medication 

42 (16.9) 13 (16.5) > 0.9 

APACHE II score on 
admission 

23 (18–28) 22 (18–29) 0.87 

SOFA score on admission 6 (4–9) 9 (6–8–10) < 0.001 
1GCS = Glasgow Coma Scale 

5.2  Infections on admission 

5.2.1  Distribution of infections 

The most common infection in the CAI and HAI groups was pneumonia in 60% and 
48%, respectively (table 9). Secondary bacteremia was more prevalent in the CAI than in 
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the HAI group, while gastrointestinal infection was more prevalent in the HAI group. 
Skin and soft tissue infections were more common in the CAI group (p = 0.02). Surgical 
site infection was the third most common infection type in the HAI group. 

Table 9. Distribution of infections on admission. 

Diagnosis Community-acquired infection on 
admission  
N = 149 

Hospital-acquired infection on 
admission  
N = 102 

P value1 

Pneumonia 90 (60.4) 49 (48.0) 0.07 
LRTI 7 (4.7) 7 (6.7)  0.6 
Gastrointestinal 32 (21.5) 37 (36.2) 0.01 
Soft tissue and skin 12 (8.0) 1 (0.9) 0.02 
SSI3  21 (20.6) < 0.001 
UTI  7 (4.7) 6 (5.9) 0.8 
Sinusitis 4 (2.7) 3 (2.9) > 0.9 
Meningitis 3 (2)  0.27 
Gastroenteritis 2 (1.3)  0.5 
Other4 11 (7.4) 5 (4.9) 0.6 
Primary bacteremia 6 (4.0) 5 (4.9) 0.8 
Catheter-related bacteremia  2 (2) 0.16 
Secondary bacteremia 34 (22.8) 7 (6.9) < 0.001 
Total no. of infections 205 142  
Sepsis 20 (13.4) 19 (18.6) 0.3 
Severe sepsis and septic shock 64 (42.9) 31 (30.4) 0.048 
1determined by Fisher’s exact test 
2LRTI = lower respiratory tract infection without pneumonia 
3Surgical site infection – superficial 3, deep 2 and organ space 16 patients 
4Including joint infections, endocarditis, myocarditis 

In the CAI group, gram-positive cocci were the most common etiological agent of 
bacteremia (table 10), of which Streptococcus pneumoniae was identified most 
frequently. Gram-negative bacilli were found in 17.5% of the bacteremia cases in the CAI 
group and 43% in the HAI group. Candida species were detected in 3 patients in the HAI 
group. The most frequent source of bacteremia in the CAI group was pneumonia, 
whereas no bacteremias were observed in the nosocomial pneumonia group. 
Gastrointestinal infection was the most frequent source of secondary bacteremia in the 
HAI group. 
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Table 10. Culture-proven bacteremia findings in CAI and HAI groups. 

 Community-acquired infection on 
admission 
N = 149 

Hospital-acquired infection on 
admission 
N = 102 

Gram-positive 30 (75) 3 (21) 
Streptococcus pneumoniae 19  
other streptococci 6  
Staphylococcus aureus1 5 3 

Gram-negative 7 (17.5) 6 (43) 
E.coli 5 3 
Other 2  3 

Candida species 1 3 (21) 
Other 2a 2b 
Total 40 14 
1None of them was MRSA 
aBacteroides fragilis, polymicrobial (E.coli + betahemolytic streptococci group B) 
bMycobacterium chelonae, polymicrobial (enterobacteria + Clostridium) 

5.2.2  Outcome of patients with and without infection on admission 

The utilization of nursing resources did not differ between the groups as measured by 
total TISS scores (255 [147–344] vs. 225 (149–373] vs. 234 [139–350], p = 0.11). ICU 
mortality was less than 7% in all groups (table 11). As also shown by the table, hospital 
mortality did not differ between the groups (21.5%), whereas the median length of 
hospital stay in the HAI group was longer (24 days) than that in the CAI (15) or NI 
groups (17.5, p = 0.001). The 28-day mortality of the whole study population was 18.5%. 
The proportion of patients discharged to home was significantly higher in the CAI (32%) 
group than in the no-infection (21%) or HAI (18%) groups. 

Table 11. Main outcome data of patients with and without infection on admission. 

 No infection on 
admission 

N = 84 

Community-acquired 
infection on admission  

N = 149 

Hospital-acquired 
infection on admission 

N = 102 

P value1 

LOS2 in ICU days 5 (2.9–7.6) 4.8 (2.9–7.1) 5 (2.9–7.1)  0.98 
LOS in hospital days 17.5 (10–27) 15 (9–26) 24 (15–37) < 0.001 
ICU mortality  4 (4.8) 9 (6.0) 7 (6.9) 0.84 
Hospital mortality  12 (14.3) 32 (21.5) 19 (18.6) 0.42 
Discharged from hospital     

to home 18 (21.4) 48 (32.2) 18 (17.6) 0.001 
to health centre  26 (31.0) 48 (32.2) 36 (35.3)  
to another hospital  28 (33.3) 21 (14.1) 29 (28.4)  

1Determined by Kruskal-Wallis test 
2Length of stay 
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5.3  ICU-acquired infections 

5.3.1  Distribution of infections 

Eighty patients acquired a total of 107 infections during their ICU stay. VAP was the most 
common ICU-acquired infection followed by SSIs and LRTIs, while primary and 
catheter-related bloodstream infections and UTIs occurred in 6.3% and 1.3% of patients 
(table 12). Gastrointestinal infection was detected in 15 patients; seven of them had acute 
cholecystitis, four had bowel necrosis, three had clostridium colitis and one had 
spontaneous peritonitis. Surgical site infections were detected in 21 cases, of which 19 
were either deep or organ space infections. The median time from admission to diagnosis 
was 4.0 days in VAP (with the 25th percentiles: 4.0–6.0), 7.0 days in SSI (5.0–10.0), 6.0 
days in LRTIs (4.5–7.0), 7 days in gastrointestinal infections (6.0–7.0) and 9.5 days in 
CRIs (6.5–13). 

Table 12. Distribution of ICU-acquired infections. 

Diagnosis Infection 1 Infection 2 and 3 All infections n (% 
of patients) 

Incidence-density per 
1000 device-days 

UTI  1  1 (1.3) 0.5 
SSI1 16 5 21 (26.3)  
LRTI  16  16 (20)  
VAP  24 3 27 (33.8) 18.8 
Primary and catheter-
related BSI 

3 2 5 (6.3) 2.2 

Secondary BSI 4  4 (5)  
Sinusitis 10 1 11 (13.8)  
Soft tissue and skin 2 4 6 (7.5)  
Gastrointestinal 13 2 15 (18.8)  
Other 1  1 (1.3)  
Total number of 
infections 

90 17 107  48 per 1000 patient days 

1Superficial 2, deep 7, organ space 12 

5.3.2  Outcome of patients with ICU-acquired infections 

Clinical outcome was analyzed in four groups, i.e. the groups having no infection or 
already having an infection on admission and the corresponding groups with or without 
ICU-acquired infection (table 13). 
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Table 13. Outcome data according to infection status on admission and ICU-acquired 
infection. 

 No infection on 
admission, no 
ICU-acquired 

infection 
N = 49 

No infection on 
admission, but 
ICU-acquired 

infection 
N = 35 

Infection on 
admission, no 
ICU-acquired 

infection 
N = 206 

Infection on 
admission, also 
ICU-acquired 

infection 
N = 45 

P value  

Total TISS score1 170 (130–274) 324 (255–510) 197 (136–278) 668 (397–1013) <0.001 
LOS in ICU, days 3 (2.2–5.3) 7.6 (5.5–11.2) 4 (2.8–5.9) 14 (7–21.6) < 0.001 
LOS in hospital, days  17 (8–25.5) 18 (12–33) 16 (9–27) 31 (24–43) < 0.001 
ICU mortality 1 (2.0) 3 (8.6) 12 (5.8) 4 (8.9) 0.43 
Total hospital 
mortality  

3 (6.1) 9 (25.7) 35 (17) 16 (35.6) 0.002 

Observed /predicted 
mortality2 

0.15 (0.03–0.44) 0.75 (0.34–1.42) 0.35 (0.25–0.49) 0.70 (0.40–1.13)  

1Therapeutic intensity score during the whole ICU stay 
2Calculated according to APACHE II score on admission 

ICU-acquired infection increased the TISS scores in both groups: they were 1.9-fold in 
the group with no infection on admission (p < 0.001) and 4.1-fold in the group with 
infection on admission (p < 0.001). Hospital LOS did not differ among the patients with 
no infection on admission, regardless of whether or not they had acquired an infection 
during their ICU stay. The situation was clearly different among the patients with an 
infection on admission; ICU infection prolonged their hospital stay 1.9-fold (p < 0.001). 
Although ICU mortality did not differ significantly between the groups, ICU LOS was 
longer in the patients with ICU-acquired infection. On the other hand, among the patients 
who had acquired an ICU infection, hospital mortality was higher, regardless of whether 
they had no infection (25.7% vs. 6.1%, p = 0.023) or had an infection (35.6% vs.17%, 
p = 0.008) on admission. In the whole study population, the ratio of observed to predicted 
mortality (calculated according to the APACHE II score on admission) was 0.406 (95% 
CI 0.31–0.52), while in the patients without ICU infection the ratio was clearly lower 
regardless of whether or not they had an infection on admission. (table 13).  

5.3.3  Impact of ICU-acquired infections on hospital mortality 

In univariate analysis, the significant risk factors for hospital mortality were SOFA score 
> 8 on admission, APACHE II > 20, ICU-acquired infection, age ≥ 65, community-
acquired pneumonia on admission, malignancy or immunosuppressive medication and 
ICU stay > 5 days (table 14) 
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Table 14. Risk factors for hospital mortality, univariate analysis. 

Risk factor Odds ratio 95% CI 
Age ≥ 65 2.28 1.3–3.93 
Female 0.76 0.42–1.36 
Immunosuppressive medication or 
malignancy 

2.56 1.45–4.51 

Diabetes 1.85 1.0–3.43 
History of stroke or TIA  1.58 0.78–3.18 
Current smoker 0.95 0.52–1.76 
Alcohol abuse 0.59 0.27–1.32 
Infection on admission 1.53 0.77–3.03 

Community-acquired infection  1.37 0.79–2.37 
Community-acquired pneumonia  2.3 1.29–4.06 
Hospital-acquired infection  0.98 0.54–1.79 
Hospital-acquired pneumonia  1.0 0.46–2.18 

Operation < 14 days 0.59 0.32–1.07 
ICU LOS > 5 days 1.91 1.10–3.34 
APACHE II > 20 2.90 1.51–5.59 
SOFA ≥ 8 4.28 2.24–8.17 
ICU-acquired infection 2.6 1.45–4.66 

Table 15. APACHE II and age-adjusted multivariate analysis of risk factors for hospital 
mortality. 

Risk factor Odds Ratio 95% Confidence Interval P value  
ICU-acquired infection 4.0 1.99–7.88 < 0.001 
Malignancy or immunosuppressive 
medication 

2.3 1.24–4.46 0.009 

Community-acquired pneumonia  4.1 2.02–8.13 < 0.001 

Table 16. SOFA score and age-adjusted multivariate analysis for risk factors for hospital 
mortality. 

Risk factor Odds Ratio 95% Confidence interval P value  
ICU-acquired infection 2.7 1.34–5.40 0.005 
Malignancy or 
immunosuppressive medication 

2.4 1.25–4.68 0.009 

Community-acquired pneumonia  3.9 1.9–7.9 < 0.001 

In the multivariable analyses, the first model was adjusted for APACHE II score and age 
(table 15) and the second model for SOFA score and age (table 16). All potentially 
significant variables according to the univariate analysis were also entered into those 
models. After adjustment, ICU-acquired infection remained as a risk factor in both 
models. Immunosuppressive medication and community-acquired pneumonia were the 
most significant adjusting factors in the models adjusted for APACHE II score and age 
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and SOFA score and age. No significant interactions were found between ICU-acquired 
infection and the other variables in the final models.  

5.4  Long-term outcome 

5.4.1  Long-term mortality 

In this part of the study, the study population consisted of the 272 patients discharged 
alive from the hospital, of whom 200 had and 72 did not have an infection on admission. 
The main demographic data and clinical characteristics are presented in table 17. There 
were significantly more patients with trauma on admission among the patients who 
developed an ICU infection (p < 0.001) and more medical admissions among the patients 
who did not develop an ICU infection (p < 0.001). The median APACHE II scores did not 
differ between the groups, while the median SOFA score on admission was higher and the 
length of stay in ICU longer in the group of surviving patients with an ICU-acquired 
infection. 
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Table 17. Main demographic data and clinical characteristics of patients discharged 
from hospital (N = 272). 

 No ICU-acquired infection 
N = 217 

ICU-acquired infection 
N = 55  

P value 

Male sex 133 (61.3) 40 (72.7) 0.12 
Age years  57 (46–68) 57 (45.5–67.5) 0.63 
Main reason for admission    

surgical, non-trauma 73 (34.0) 25 (45.5) 0.12 
trauma 18 (8.4) 16 (29.1) < 0.001 
medical 96 (44.7) 8 (14.5) < 0.001 
neurological 21 (9.8) 4 (7.3) 0.8 

Chronic underlying disease 148 (68.2) 33 (60.0) 0.27 
Current smoker 82 (42.7) 20 (40.8) 0.87 
Alcohol abuse 42 (19.4) 11 (20.8) 0.85 
APACHE II score on admission 22 (18–28) 20 (17–27) 0.44 
SOFA score on admission 6.0 (4.0–8.0) 9.0 (6.0–10.0) < 0.001 
SOFA score on ICU discharge 3.0 (2.0–5.0) 3.0 (2.0–4.0) 0.26 
Infection on admission 171 (78.8) 29 (52.7) < 0.001 
Community-acquired pneumonia 
on admission 

59 (27.2) 5 (9.1) 0.004 

Hospital-acquired pneumonia on 
admission 

32 (14.7) 7 (12.7) 0.83 

Sepsis on admission 30 (13.8) 3 (5.5) 0.11 
Severe sepsis on admission 17 (7.8) 0 (0) 0.03 
Septic shock on admission 37 (17.1) 16 (29.1) 0.06 
LOS in ICU, days 3.75 (2.7–5.8) 10 (6.2–15.8) < 0.001  
LOS in hospital, days  17 (10–26) 25 (17.5–37) 0.62 

Of those who had an infection on admission, 29 (14.5%) also developed an ICU 
infection, while the corresponding figure for those who did not have an infection on 
admission was 26 (34.7%). The following ICU-acquired infections were recorded in 55 
patients: ventilator-associated pneumonia (n = 17), surgical site infections (14), lower 
respiratory tract infection (14), intra-abdominal infections (6), sinusitis (6), soft tissue or 
skin infections (4), primary or catheter-associated bacteremia (2), secondary bacteremia 
(1), urinary tract infection (1) and other infections (2). 

Of the 272 hospital survivors, 85 died after discharge (31.3%). The median follow-up 
time after hospital discharge was 22.9 months (with 25th–75th percentiles: 16.3–27.0). 
Among the patients with no infection on admission, seven patients who subsequently 
acquired an ICU infection (26.9%) and ten patients without an ICU infection (21.7%), 
p = 0.41 died. The corresponding numbers of deaths among the patients with an infection 
on admission were as follows: six patients with an ICU infection (27.6%) and 60 patients 
without an ICU infection (35.1%), p = 0.40. When the risk factors for long-term mortality 
were analysed in a Cox multivariate model, ICU-acquired infection was not a risk factor 
for long-term mortality (Hazard ratio 0.83, 95% CI 0.47–1.46) (table 18), and the long-
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term survival curves did not differ between the patients with and without an ICU-
acquired infection (figure 1). 

Table 18. Adjusted hazard ratios (HR) with 95% confidence interval (95% CI) for ICU-
acquired infection on post-hospital mortality in multivariable Cox regression model. 

 HR 95% CI P value  
ICU-acquired infection 0.83 0.47–1.46 0.52 
APACHE II score on admission 1.07 1.04–1.46 < 0.001 
Presence of chronic disease 3.23 1.6–6.54 0.001 
Hospital-acquired pneumonia  2.6 1.57–4.33 < 0.001 
Surgical reason for admission 1.93 1.23–3.03 0.004 

Fig. 1. Survival curves of ICU patients after discharge from hospital. The patients who were 
alive on 25 January 2005 are censored cases. 
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5.4.2  Health-related quality of life 

The EQ-5D self-classifier and EQ-VAS data of the study groups with or without an ICU-
acquired infection are presented in table 19.  

Table 19.  EQ-5D results of long-term survivors. 

EQ-5D variable All respondents No ICU-acquired 
infection 

N = 112/147 

ICU-acquired infection 
N = 30/40 

p-value 

VAS score  60 (50–78) 60 (50–70) 60 (50–80)  
Mobility 

no problems 
some problems 
confined to bed 

 
56 (39.4) 
74 (52.1) 
12 (8.5) 

 
46 (41.1) 
56 (50.0) 
10 (8.9) 

 
10 (33.3) 
18 (60.0) 

2 (6.7) 

0.67 

Self-care 
complete 
some problems with 
washing or dressing 
unable to wash or dress 

 
91 (64.1) 
34 (23.9) 

 
17 (12) 

 
76 (67.9) 
20 (17.9) 

 
16 (14.3) 

 
15 (50.0) 
14 (46.7) 

 
1 (3.3) 

0.004 

Daily activities 
no problems 
some problems 
unable to perform 

 
59 (41.5) 
60 (42.3) 
23 (16.2) 

 
50 (44.6) 
44 (39.3) 
18 (16.1) 

 
9 (30.0) 
16 (53.3) 
5 (16.7) 

0.32 

Pain or discomfort 
not at all 
moderate 
extreme 

 
48 (34.8) 
80 (58.0) 
10 (7.2) 

 
38 (34.9) 
62 (56.9) 

9 (8.3) 

 
10 (34.5) 
18 (22.5) 

1 (3.4) 

0.85 

Anxiety or depression 
not at all 
moderate 
extreme 

 
96 (70.6) 
37 (27.2) 

3 (2.2) 

 
74 (69.2) 
30 (28) 
3 (2.8) 

 
22 (75.9) 
7 (24.1) 

0 (0) 

0.91 

The patients with an ICU infection had more problems on the self-care dimension in 
univariate analysis (p = 0.004), while multivariate analysis did not show ICU-acquired 
infection to be a risk factor for diminished self-care (table 20). 

Table 20. Adjusted odds ratios (OR) with 95% confidence interval (95% CI) for ICU-
acquired infection on diminished self-care in multivariate logistic regression analysis. 

 OR 95% CI p value 
ICU-acquired infection 1.71 0.65–4.54 0.28 
Hospital-acquired pneumonia 4.31 0.89–20.88 0.07 
Age (≥ 50 vs. < 50) 2.75 1.04–7.29 0.04 
Current smoker 0.35 0.13–0.91 0.03 
Community-acquired pneumonia 0.27 0.08–0.89 0.03 
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The mean EQ-VAS value was 60.2 (95% CI 56.1–64.3) among the patients without an 
ICU-acquired infection, and the corresponding figure for those with an ICU-acquired 
infection was 60.6 (95% CI: 52.4–68.8). The mean difference between the groups was 
-0.41 (95% CI: -9.297–8.482).  

The mean EQ-5D weighted health state index (EuroQol 5D Index) was 0.715 for those 
without an ICU infection and 0.725 for those with an ICU infection. The mean difference 
between the groups was -0.01 (95% CI: -0.11–0.09).  

The current general level of health compared to the status before ICU admission did 
not differ between the groups, as 52 (47.7%) of the patients without and 16 (57.1%) of 
those with an ICU-acquired infection perceived their health status to be worse (p = 0.40, 
and the difference between the proportions was -9.4%, 95% CI: -28.2 to 10.9%). 



6 Discussion 

6.1  General aspects of the study 

The strengths of this study are the prospective design and the systematic search for 
various infections on admission and during the ICU stay. An infectious disease physician 
has been a member of the ICU team since 1993, and the diagnostics and treatment of 
various infections have been given special attention in the everyday routine. During the 
study period, we tried to register all infections even more systematically. A statistician 
has belonged to the study group since the planning of the present study, and statistical 
aspects were therefore taken into account at the time of data collection already. Moreover, 
appropriate and versatile analyses were performed to address the study questions. 

The study was conducted in a single adult medical-surgical ICU. The study hospital 
also has a separate postoperative ICU as well as a coronary care unit, where other 
medical patients are also treated. This may increase the relative number of infections 
treated in the study ICU by excluding coronary patients and elective postoperative 
patients, who are unlikely to have infections on admission. Hence, the results may not be 
generalizable to more specialized ICUs, but the results can be regarded as reliable and 
applicable to mixed type medical-surgical adult ICUs. In contrast to a single-centre study, 
the study populations in multicentre studies are often heterogeneous, and the treatment 
procedures vary greatly between centres, as is shown by, for example, the wide variation 
in the prevalence of infections in the EPIC study (Vincent et al. 1995). 

Furthermore, the spectrum of infections needing ICU treatment would have been 
different if patients with ICU stay shorter than 48 hours had also been included (Alberti et 
al. 2002). The time frame of more than 48 hours’ ICU stay may cause selection bias 
towards very seriously ill patients and overestimation of mortality as well as 
underestimation of the results of the HRQOL survey compared with the whole ICU 
population. The patients whose ICU stay was less than 48 h were typically postoperative 
and low-risk trauma patients or patients with intoxication admitted for overnight follow-
up, and they were excluded. Although the most widely used definition of hospital-
acquired infection does not include any time criteria (Garner et al. 1988), ICU studies 
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have generally applied the time frame of 48 hours, although it also has been criticized 
(Silvestri et al. 2005). 

When ICU-acquired infections were analyzed, the total number of patients allowed 
only an analysis of the overall impact of ICU-acquired infection. The study protocol was 
so laborious that a multi-centre study using this approach would not have been possible, 
even though it would have multiplied the number of patients and improved the 
generalizability of the results to other ICU populations. 

Definitions of infections published by CDC were used with modifications. They have 
also been widely used in other ICU studies (Appelgren et al. 2001, Colpan et al. 2005, 
Erbay et al. 2003, Legras et al. 1998, Vosylius et al. 2003). To allow comparison of 
infection rates, the rates must be adjusted for the major risk factors (Coello et al. 2001, 
Gastmeier et al. 2000). The NNIS system has also recommended the expression of ICU-
acquired infections per 1000 device days, to facilitate comparisons between units and 
hospitals (Richards et al. 2000). It has been suggested, however, that this method 
underestimates rates by about 20% compared with the rates per device days at risk, where 
device days after the onset of infection are excluded (Eggimann et al. 2003). However, 
after the study period – May 2002 to June 2003 – a new set of definitions of infections 
that occur commonly in the ICU has been published to maximize specificity (Calandra et 
al. 2005). Those criteria define infections as either microbiologically confirmed, probable 
or possible, while CDC has only one category, which also includes clinical diagnosis. It 
can be assumed that these new strict criteria for infections and especially the need for 
positive microbiologic cultures might have reduced the infection rate in this series. 
However, the latter definitions have been developed to allow more exact comparisons in 
future sepsis trials, not necessarily to facilitate everyday practice.  

6.2  Distribution and outcome of infections on admission 

Three fourths of our patients had been admitted into the ICU with an infection, which is 
more than previously reported (Alberti et al. 2002, Osmon et al. 2003, Vincent et al. 
1995, Vosylius et al. 2003, de Leon-Rosales et al. 2000). In other studies, the proportion 
of infections on admission may have been lower due to the inclusion of short-stay 
patients into the study population (Vincent et al. 1995, de Leon-Rosales et al. 2000) or 
the high proportion of coronary care patients (Olaechea et al. 2003), who are unlikely to 
have infection on ICU admission. Moreover, in earlier studies, the main interest has often 
been on ICU-acquired infections rather than on the patients’ infection status on admission 
(Appelgren et al. 2001, Richards et al. 2000). Therefore, direct comparisons with other 
studies are rather difficult. Respiratory infections were the most common cause for 
infection on admission into ICU in the CAI and HAI groups, which is in concordance 
with the previous studies (Alberti et al. 2002, Osmon et al. 2003, Vincent et al. 1995). 
Patients with CAI on admission had more often secondary bloodstream infections than 
patients with HAI on admission, as it was also observed in one earlier study (Laupland et 
al. 2004). This may reflect the fact that more patients with HAI are already on antibiotics 
on admission.  
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ICU mortality (4.8% with no infection, 6.0% with CAI and 6.9% with HAI) and 
hospital mortality (14.3%, 18.6% and 21.5%, respectively) were lower in this study than 
in the earlier studies, even though the median APACHE II score has been lower in most 
other studies (Erbay et al. 2003, Vincent et al. 1995, de Leon-Rosales et al. 2000) than in 
this study (21, 22 and 22.5). However, the mortality rates recorded in this study are in 
harmony with the Nordic studies concerning ICU patients in general (ICU mortality 
6.9%–9.8%) (Parviainen et al. 2004, Vincent et al. 1995), sepsis patients (hospital 
mortality 13.5%) (Flaatten 2004) or patients with severe sepsis (hospital mortality 28.3%) 
(Karlsson et al. 2007). 

In this study population, only a minority of patients were discharged directly into their 
homes in all study groups. The proportion of patients discharged to home was 
significantly higher in the CAI group (32%) than in the no-infection (21%) or HAI (18%) 
groups. This can be explained by the fact that the patients with HAI were older and had 
more underlying diseases, especially malignancies and cerebrovascular diseases, and 
probably also by fact that the study unit was located in a tertiary level teaching hospital. 

6.3  Distribution of ICU-acquired infections 

Nearly one fourth of our ICU patients acquired an infection during their ICU stay. 
Ventilator-associated pneumonia was the most common infection (25%), which agrees 
with the earlier studies (Appelgren et al. 2001, Erbay et al. 2003, Vosylius et al. 2003), 
and the device-associated rate (18.8 per 1000 ventilator days) is also in harmony with the 
earlier literature (NNIS System 2004, Warren et al. 2003). However, we consider our 
figure to be relatively high. It should be noted, nevertheless, that there is no consensus of 
reliable diagnostic methods for VAP (Minei et al. 2000). The non-invasive diagnostic 
strategy, which was used in this study, has been reported to be less specific than the 
invasive strategy based on quantitative bronchoscopic specimen cultures and may result 
in a false positive diagnosis (Fagon et al. 2000). It should also be noted that our criteria 
for VAP diagnosis were partly differentiated from more strictly criteria by NNIS, which 
may also explain our relatively high figures. 

The incidence of central catheter-related bloodstream infections in this survey was 
low. This suggests that our investments in the prevention of these infections have been 
successful. The study ICU had invested substantial effort in both staff education and the 
implementation of maximal barrier precautions, especially the use of hand disinfection, 
on catheter insertion and the handling of catheters. There are also written guidelines for 
the performance of those procedures. These preventive strategies have been shown to 
reduce the number of central venous catheter-related bloodstream infections (O'Grady et 
al. 2002, Pronovost et al. 2006, Trautner & Darouiche 2004), and they may explain the 
lower device-associated infection rate compared to the earlier literature (Legras et al. 
1998, NNIS System 2004, Rosenthal et al. 2003a). Unfortunately, no incidence figures 
from the time preceing those interventions are available, as it has been earlier reported 
(Coopersmith et al. 2002). These results are hence just undirect proof of a successful 
strategy. However, our figure (2.2) is less than 3.3/ 1000 central catheter days, which has 
been considered as indication for the use of antimicrobial-impregnated catheters, if other 
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interventions fail to bring the incidence below that level. Thus, the use of antimicrobial-
impregnated catheters would not have been rational in our unit (O'Grady et al. 2002).  

Only a small minority of ICU patients (1.3%) had an UTI, which finding clearly 
differed from the earlier literature, where urinary tract infections have typically been 
among the four most common infections in ICU populations (Erbay et al. 2003, Vincent 
et al. 1995, Vosylius et al. 2003, de Leon-Rosales et al. 2000). These results correlate 
with the clinical experiences during the years preceding the study period, but we do not 
have any explanation for the high figures of the other studies. If urine samples had been 
taken, for example, every fifth day without any suspicion of urinary tract infection, the 
proportion of positive urine cultures might have been higher. The proportion of UTIs has 
been higher in some studies that have included asymptomatic bacteriuria (Laupland et al. 
2002). It should be noted, however, that a substantial proportion of the patients in the 
study ICU were on antibiotics during their ICU stay, and the high urine antibiotic 
concentrations may have prevented bacterial growth. It has also been suggested that UTI 
may have been overdiagnosed in previous studies due to the difficulties to distinguish 
between colonisation and infection (Agarwal et al. 2006/8) 

In the case mix of this study, 47% of the patients were surgical or trauma patients, and 
the proportion of surgical site infections was 19.6%. Much lower figures have been 
reported elsewhere (Erbay et al. 2003, Vincent et al. 1995, de Leon-Rosales et al. 2000), 
which may reflect differences in the case mix between the different study populations.  

The proportion of sinusitis (13.8%) was higher than, for example, the proportion of 
otolaryngological infections (5.1%) in the EPIC study (Vincent et al. 1995). Because 
sinusitis was not systematically screened by CT scanning upon the suspicion of each new 
infection, it may well be that sinusitis still remained underdiagnosed even in this series 
compared the earlier reports with systematic evaluation (Holzapfel et al. 1999). These 
results, however, point out the importance of sinusitis as a frequently forgotten ICU-
acquired infection.  

6.4  Impact of ICU-acquired infections on short-term outcome 

The results of this study show that ICU-acquired infection remained a significant risk 
factor for hospital mortality even after adjustment for the APACHE II and SOFA scores 
and age. In our series, the attributable mortality from ICU-acquired infection was 19.6% 
in the patients without infection on admission and 18.6% in the patients infected on 
admission. Earlier prevalence and prospective cohort studies have suggested ICU 
infections to be an independent risk factor for hospital mortality (Appelgren et al. 2001, 
Bueno-Cavanillas et al. 1994, Craven et al. 1988, Vincent et al. 1995), while there are 
case-control studies that have failed to reveal any difference in mortality between patients 
with ICU infection and their controls (Bregeon et al. 2001, Rello et al. 2000). 

The relationship between ICU infection and mortality has earlier been reported to be 
modified by the APACHE II score: the highest influence of nosocomial infection on 
mortality rate was observed for APACHE II scores of 11–30, because patients with high 
APACHE II scores may die from their underlying disease before they develop an 
infection (Bueno-Cavanillas et al. 1994). In this series, the APACHE II scores on 
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admission were relatively high, but ICU-acquired infection remained an independent risk 
factor for hospital mortality in multivariate analysis adjusted for APACHE II score and 
age. 

Earlier studies have reported a notable correlation between organ dysfunction on 
admission or during the ICU stay and subsequent infection during intensive care 
(Vosylius et al. 2003). Similarly, in this series, SOFA scores were higher on admission 
among the patients who later developed an ICU-acquired infection. It also has been 
reported that, in addition to the severity scores recorded on admission, daily increase of 
the illness severity score within the first 4 days post-admission was associated with an 
increased risk of death in ICU (Moine et al. 2002). Our multivariate analysis showed that 
an ICU-acquired infection remained an independent risk factor for hospital mortality 
even after adjustment for SOFA score and age in this series.  

Among the patients with an infection on admission, the excess length of hospital stay 
was 15 days. Surprisingly, ICU infection increased the median hospital stay of the 
patients without infection on admission by only one day. However, 26% of the patients 
who acquired an ICU infection died, which is reflected as a shorter hospital stay. In a 
French study, hospital LOS was increased in the presence of an ICU infection irrespective 
of the patient’s infection status on admission (Alberti et al. 2002). 

6.5  Impact of infections on long-term mortality 

ICU-acquired infection did not predict long-term mortality in this series. This means that 
the impact of an ICU infection on mortality is limited to the period of hospitalisation i.e. 
the patients with serious ICU-acquired infections likely to die do so during their hospital 
stay. Furthermore, in this study the number of survivors decreased remarkably during the 
first four months after the ICU admission, after which it reached a plateau. This is in 
concordance with an earlier study, where patients with ARDS, for example, were found to 
be at a significant risk of death for several months beyond the traditional end-point of 28 
days (Angus et al. 2001a). A recent study of long-term survival after severe sepsis 
reported higher acute survival rates among those who received activated protein C 
treatment, but the survival benefit lost its statistical significance when long-term survival 
was analysed in the whole study population (Angus et al. 2004). These findings clearly 
point that long-term mortality should also be evaluated in clinical trials of new treatment 
strategies. 

The overall long-term mortality (43.6%) in this study was in concordance with the 
earlier literature, where long-term mortality from various infectious conditions 
necessitating ICU admission has varied from 39.7% up to 78% (Heyland et al. 2000, 
Sasse et al. 1995, Weycker et al. 2003). 

6.6  Long-term health-related quality of life after ICU treatment 

HRQOL was measured by the EQ-5D method, which has been recommended and widely 
used for measuring HRQOL in critical care (Angus et al. 2003, Badia et al. 2001, Garcia 
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Lizana et al. 2003, Granja et al. 2002, Granja et al. 2004). Although the majority of 
respondents reported moderate or good general health, almost half of them rated their 
health as worse than before the ICU admission. The patients with an ICU-acquired 
infection experienced more problems in self-care than those without an ICU-acquired 
infection. However, multivariate analysis did not show ICU-acquired infection to be an 
independent risk factor for diminished self-care. Despite their self-care problems, the 
patients who survived after an ICU infection were as likely to regain their prior general 
health status as the ICU patients without an ICU-acquired infection. It has been 
previously shown that follow-up HRQOL reflects on the preadmission HRQOL (Wehler 
et al. 2001). The rate of decline of HRQOL was higher in this series than in a German 
study, in which the physical and mental components deteriorated in only 14 and 8% of 
the survivors, respectively (Wehler et al. 2003). The fact that their preadmission HRQOL 
was not rated may have had an influence on the patients’ perception of the change in 
HRQOL. However, a baseline assessment was not possible in this patient series. Severely 
ill patients would not have been able to do the assessment by themselves, and it is known 
that proxies underestimate patients’ quality of life (Granja & Azevedo 2006, Hofhuis et 
al. 2003, Scales et al. 2006). In this series, two thirds suffered from moderate or extreme 
pain, supporting the earlier findings that long-term pain and depression may persist even 
after the patients have restored their physical capacity (Garcia Lizana et al. 2003, Pettila 
et al. 2000).  

There are several possible explanations for the finding that an ICU-acquired infection 
did not seem to have an impact on HRQOL or post-hospital mortality. The study 
population consisted of 272 patients, which was reflected on the wide 95% confidence 
intervals. There was, for example, a 9.4% difference in the proportions of the variable 
'General health compared to pre-ICU situation (worse vs. better/similar)' between the two 
groups. According to power calculations (with α = 0.05 and β = 0.20 and assuming that 
25% of the patients actually had an ICU-acquired infection), we would have needed 
approximately 1250 patients to prove that the difference was statistically significant. This 
would have required nine years' data collection with this study protocol in this centre. 
Another explanation may be the fairly long follow-up time. However, there were no 
significant differences in the median follow-up times (23 months for the patients without 
and 21 months for those with an ICU infection, p = 0.57), which is an argument against 
this explanation. The third, and likely, explanation is that the ICU-acquired infection 
really did not have any impact on post-hospital mortality or HRQOL. 

The earlier literature reporting on the employment status of ICU survivors has shown 
resumption of the previous occupation by 62–91% of the patients employed before their 
ICU admission. (Garcia Lizana et al. 2003, Wehler et al. 2003). Lower figures (23%) 
were reported in a study with a relatively long (five years) follow-up time (Graf et al. 
2005), but the figures reported in this study (36%) are clearly very low and may reflect 
the lack of adequate post-hospital rehabilitation procedures.  
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6.7  Clinical implications and future investigations 

ICU-acquired infection was an independent risk factor for hospital mortality in this 
series. The patients without infection on admission who later developed an infection 
during their ICU stay had fourfold mortality compared to patients without ICU-acquired 
infection. The incidence rate was 48/1000 patient days, and the proportion of VAP was 
high. These facts underline the importance of strategies to prevent and control the spread 
of infections in the ICU. Treatment bundles have been introduced as a tool to prevent 
infections and thereby reduce costs and mortality. A "bundle" is a group of interventions 
that are applied together and are based on solid scientific results on better outcomes 
(Berwick et al. 2006).Actually, in the US, zero tolerance for ICU-acquired infections has 
been recently introduced (Jarvis 2006). 

One of the main strategies to prevent patient cross-contamination and nosocomial 
infections in the ICU is hand disinfection (Pittet et al. 2000). There has been for years a 
strict hand hygiene policy in the study ICU, where substantial effort has been invested in 
both staff education and the implementation of maximal barrier precautions, especially 
the use of hand disinfection, on catheter insertion and the handling of catheters. There 
also are written guidelines for the performance of those procedures. The guidelines are in 
harmony with the suggested central line bundle (Pronovost et al. 2006). These prevention 
strategies have been shown to reduce the number of central venous catheter-related 
bloodstream infections (O'Grady et al. 2002, Pronovost et al. 2006, Trautner & 
Darouiche 2004), and they may explain the lower device-associated infection rate 
compared to the earlier literature (Legras et al. 1998, NNIS System 2004, Rosenthal et al. 
2003a). Surprisingly, the incidence of VAP was relatively high in this series. This points 
out the need for specific interventions to be implemented to prevent VAP in the study 
ICU. Therefore, after the completion of this study, we already started a new prevention 
protocol to decrease the rate of VAP, which is based on a "bundle" of several ventilator 
care processes, and has been reported to reduce VAP rates by 44.5% (Resar et al. 2005). 
It includes elevation of the head from the bed, a sedation break and assessment of the 
readiness to extubate, use of noninvasive mechanical ventilation via a face mask when 
appropriate to minimize the need for tracheal intubation and use of topical chlorhexidine 
oral treatment (Dodek et al. 2004, Koeman et al. 2006, Shorr & Kollef 2005, Zack et al. 
2002) However, the prevention of VAP is a challenge, because its pathogenesis is poorly 
understood. 

Although the ICU mortality rate was low, hospital mortality was almost threefold in 
this series. However, the ratio of observed to predicted mortality (SMR) was low (0.406). 
Although this SMR value is indicative of good performance, it still leaves the possibility 
that there might have been preventable complications during the post-ICU period of 
treatment. However, this aspect was not specifically evaluated in this study. The strategies 
to reduce the mortality gap between the ICU and the ward include intermediate or step-
down units and outreach teams and more careful patient selection (Beck et al. 2002, 
Smith et al. 1999). After the study period, the study ICU has gained good experience of 
an outreach team, which has been shown in the literature to reduce the incidence of 
readmissions and to lower hospital mortality (Ball et al. 2003, Hillman et al. 2005). 
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Critical illness has significant long-term consequences, as also shown in this study, 
and this has been recently studied in more detail in the study ICU. It is important for 
critical care practitioners to gain information of their patients’ long-term outcome. That 
could help ICU physicians to give accurate information to patients and their relatives and 
to avoid unrealistic expectations and also help to plan rehabilitation procedures. It could 
also help to evaluate which types of ICU populations have a chance of good recovery and 
thus help to decide whether or not to admit the patient. 

Continuous surveillance of nosocomial infections is an important preventive measure 
and has per se been associated with the reduction of nosocomial infections (Gastmeier et 
al. 2006, Jarvis 2003, Zuschneid et al. 2007). Whether the Hawthorne effect (to be 
followed) may have some influence on these results remains open. Without a systematic 
evaluation, the real incidence of infections, which is an important indicator of the quality 
of treatment, in ICU remains obscure. For example, the relatively high incidence of VAP 
in the study ICU was an unexpected finding and implicated a need for new preventive 
strategies. Systematic surveillance of infections should be a standard practice in all ICUs. 



7 Conclusions 

Based on this study, the following conclusions can be made: 

a) Three fourths of our patients with ICU stay > 48 hours had been admitted into the 
ICU with an infection. Patients needing ICU treatment for community- or hospital-
acquired infection shared many features, such as the severity of their illness on 
admission, hospital mortality and pneumonia as the most common type of infection. 
The patients in the CAI group had more often secondary bacteremia or severe sepsis 
or septic shock, whereas the HAI group had more often a history of cerebrovascular 
problems, malignancies and immunosuppressive treatments. 

b) Nearly one fourth of our ICU population acquired an infection during their ICU stay. 
VAP was the most frequently observed ICU-acquired infection in our ICU, while the 
rates of urinary tract infections and bloodstream infections were lower than earlier 
reported. 

c) ICU-acquired infection was an independent risk factor for hospital mortality even 
after adjustment for age and APACHE II or SOFA scores. 

d) ICU-acquired infection does not affect long-term mortality in patients surviving 
hospital discharge. However, the patients with an ICU-acquired infection experience 
more problems in self-care than those without an ICA-acquired infection, although 
multivariate analysis did not establish ICU-acquired infection as a significant risk 
factor for diminished self-care, and general health status did not differ with regard to 
whether the patients had or did not have an ICU-acquired infection. 

 



References 

Adrie C, Alberti C, Chaix-Couturier C, Azoulay E, De Lassence A, Cohen Y, Meshaka P, Cheval 
C, Thuong M, Troche G, Garrouste-Orgeas M & Timsit JF (2005) Epidemiology and economic 
evaluation of severe sepsis in France: age, severity, infection site, and place of acquisition 
(community, hospital, or intensive care unit) as determinants of workload and cost. J Crit Care 
20(1): 46-58. 

Agarwal R, Gupta D, Ray P, Aggarwal AN & Jindal SK (2006/8) Epidemiology, risk factors and 
outcome of nosocomial infections in a Respiratory Intensive Care Unit in North India. J Infect 
53(2): 98-105. 

Alberti C, Brun-Buisson C, Burchardi H, Martin C, Goodman S, Artigas A, Sicignano A, Palazzo 
M, Moreno R, Boulme R, Lepage E & Le Gall R (2002) Epidemiology of sepsis and infection in 
ICU patients from an international multicentre cohort study. Intensive Care Med 28(2): 108-
121. 

American Thoracic Society (2005) Guidelines for the Management of Adults with Hospital-
acquired, Ventilator-associated, and Healthcare-associated Pneumonia. Am J Respir Crit Care 
Med 171(4): 388-416. 

Angus DC, Carlet J & 2002 Brussels Roundtable P (2003) Surviving intensive care: a report from 
the 2002 Brussels Roundtable. Intensive Care Med 29(3): 368-377. 

Angus DC, Laterre PF, Helterbrand J, Ely EW, Ball DE, Garg R, Weissfeld LA, Bernard GR & 
PROWESS I (2004) The effect of drotrecogin alfa (activated) on long-term survival after severe 
sepsis. Crit Care Med 32(11): 2199-2206. 

Angus DC, Marrie TJ, Obrosky DS, Clermont G, Dremsizov TT, Coley C, Fine MJ, Singer DE & 
Kapoor WN (2002) Severe community-acquired pneumonia: use of intensive care services and 
evaluation of American and British Thoracic Society Diagnostic criteria. Am J Respir Crit Care 
Med 166(5): 717-723. 

Angus DC, Musthafa AA, Clermont G, Griffin MF, Linde-Zwirble WT, Dremsizov TT & Pinsky 
MR (2001a) Quality-adjusted survival in the first year after the acute respiratory distress 
syndrome. Am J Respir Crit Care Med 163(6): 1389-1394. 

Angus DC, F.C.C.M., LindeZwirble WT, Lidicker J, Clermont G, Carcillo J & Pinsky MRFCCM 
(2001b) Epidemiology of severe sepsis in the United States: Analysis of incidence, outcome, 
and associated costs of care. Crit Care Med 29(7): 1303-1310. 

Appelgren P, Hellstrom I, Weitzberg E, Soderlund V, Bindslev L & Ransjo U (2001) Risk factors 
for nosocomial intensive care infection: a long-term prospective analysis. Acta Anaesthesiol 
Scand. 45(6): 710-719. 



 65

Badia X, Diaz-Prieto A, Gorriz MT, Herdman M, Torrado H, Farrero E & Cavanilles JM (2001) 
Using the EuroQol-5D to measure changes in quality of life 12 months after discharge from an 
intensive care unit. Intensive Care Med 27(12): 1901-1907. 

Ball C, Kirkby M & Williams S (2003) Effect of the critical care outreach team on patient survival 
to discharge from hospital and readmission to critical care: non-randomised population based 
study.see comment. BMJ 327(7422): 1014. 

Barie PS, Hydo LJ & Eachempati SR (2004) Longitudinal outcomes of intra-abdominal infection 
complicated by critical illness. Surg Infect 5(4): 365-373. 

Beck DH, McQuillan P & Smith GB (2002) Waiting for the break of dawn? The effects of 
discharge time, discharge TISS scores and discharge facility on hospital mortality after intensive 
care. Intensive Care Med 28(9): 1287-1293. 

Bercault N & Boulain T (2001) Mortality rate attributable to ventilator-associated nosocomial 
pneumonia in an adult intensive care unit: a prospective case-control study. Crit Care Med 
29(12): 2303-2309. 

Berwick DM, Calkins DR, McCannon CJ & Hackbarth AD (2006) The 100 000 Lives Campaign: 
Setting a Goal and a Deadline for Improving Health Care Quality. JAMA 295(3): 324-327. 

Bonten MJ, Gaillard CA, de Leeuw PW & Stobberingh EE (1997) Role of colonization of the 
upper intestinal tract in the pathogenesis of ventilator-associated pneumonia. Clin Infect Dis 
24(3): 309-319. 

Bregeon F, Ciais V, Carret V, Gregoire R, Saux P, Gainnier M, Thirion X, Drancourt M, Auffray 
JP & Papazian L (2001) Is ventilator-associated pneumonia an independent risk factor for 
death? Anesthesiology 94(4): 554-560. 

Brooks R (1996) EuroQol: the current state of play. Health Policy 37(1): 53-72. 
Brun-Buisson C, Meshaka P, Pinton P, Vallet B & EPISEPSIS Study G (2004) EPISEPSIS: a 

reappraisal of the epidemiology and outcome of severe sepsis in French intensive care units. 
Intensive Care Med 30(4): 580-588. 

Bueno-Cavanillas A, Delgado-Rodriguez M, Lopez-Luque A, Schaffino-Cano S & Galvez-Vargas 
R (1994) Influence of nosocomial infection on mortality rate in an intensive care unit. Crit Care 
Med 22(1): 55-60. 

Calandra T, Cohen J & International Sepsis Forum Definition of Infection in the ICU 
Consensus,Conference (2005) The international sepsis forum consensus conference on 
definitions of infection in the intensive care unit. Crit Care Med 33(7): 1538-1548. 

Chastre J, Luyt CE, Combes A & Trouillet JL (2006) Use of quantitative cultures and reduced 
duration of antibiotic regimens for patients with ventilator-associated pneumonia to decrease 
resistance in the intensive care unit. Clin Infect Dis 43(Suppl): S75-81. 

Chastre J & Fagon J (2002) Ventilator-associated Pneumonia. Am J Respir Crit Care Med 165(7): 
867-903. 

Chen YY, Chou YC & Chou P (2005) Impact of nosocomial infection on cost of illness and length 
of stay in intensive care units. Infect Control Hosp Epidemiol 26(3): 281-287. 

Chlebicki MP & Safdar N (2007) Topical chlorhexidine for prevention of ventilator-associated 
pneumonia: A meta-analysis*. Crit Care Med 35(2) 

Coello R, Gastmeier P & de Boer AS (2001) Surveillance of hospital-acquired infection in 
England, Germany, and The Netherlands: will international comparison of rates be possible? 
Infect Control Hosp Epidemiol 22(6): 393-397. 

Cohen J, Brun-Buisson C, Torres A & Jorgensen J (2004) Diagnosis of infection in sepsis: an 
evidence-based review. Crit Care Med 32(11 Suppl): S466-94. 

Colpan A, Akinci E, Erbay A, Balaban N & Bodur H (2005) Evaluation of risk factors for mortality 
in intensive care units: A prospective study from a referral hospital in Turkey. 
Am.J.Infect.Control 33(1): 42-47. 



 66

Cook DJ, Walter SD, Cook RJ, Griffith LE, Guyatt GH, Leasa D, Jaeschke RZ & Brun-Buisson C 
(1998) Incidence of and risk factors for ventilator-associated pneumonia in critically ill patients. 
Ann Intern Med 129(6): 433-440. 

Coopersmith CM, Rebmann TL, Zack JE, Ward MR, Corcoran RM, Schallom ME, Sona CS, 
Buchman TG, Boyle WA, Polish LB & Fraser VJ (2002) Effect of an education program on 
decreasing catheter-related bloodstream infections in the surgical intensive care unit. Crit Care 
Med. 30(1): 59-64. 

Craven DE, Kunches LM, Lichtenberg DA, Kollisch NR, Barry MA, Heeren TC & McCabe WR 
(1988) Nosocomial infection and fatality in medical and surgical intensive care unit patients. 
Arch.Intern.Med. 148(5): 1161-1168. 

Cullen DJ, Civetta JM, Briggs BA & Ferrara LC (1974) Therapeutic intervention scoring system: a 
method for quantitative comparison of patient care. Crit Care Med 2(2): 57-60. 

D'Amico R, Pifferi S, Leonetti C, Torri V, Tinazzi A & Liberati A (1998) Effectiveness of 
antibiotic prophylaxis in critically ill adult patients: systematic review of randomised controlled 
trials. BMJ 316(7140): 1275-1285. 

Davidson TA, Caldwell ES, Curtis JR, Hudson LD & Steinberg KP (1999a) Reduced quality of life 
in survivors of acute respiratory distress syndrome compared with critically ill control patients. 
JAMA 281(4): 354-360. 

Davidson TA, Rubenfelf GD, Caldwell ES, Hudson LD & Steinberg KP (1999b) The Effect of 
Acute Respiratory Distress Syndrome on Long-term Survival. Am J Respir Crit Care Med 
160(6): 1838-1842. 

de Leon-Rosales SP, Molinar-Ramos F, Dominguez-Cherit G, Rangel-Frausto MS & Vazquez-
Ramos VG (2000) Prevalence of infections in intensive care units in Mexico: A multicenter 
study. Crit Care Med 28(5): 1316-1321. 

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-Banacloche J, Keh D, 
Marshall JC, Parker MM, Ramsay G, Zimmerman JL, Vincent JL, Levy MM & Surviving 
Sepsis Campaign Management Guidelines,Committee (2004) Surviving Sepsis Campaign 
guidelines for management of severe sepsis and septic shock. Crit Care Med 32(3): 858-873. 

Deshpande KSFCCP, Hatem C, Ulrich HL, Currie BP, Aldrich TKFCCP, BryanBrown CW & 
Kvetan VFCCM (2005) The incidence of infectious complications of central venous catheters at 
the subclavian, internal jugular, and femoral sites in an intensive care unit population. Crit Care 
Med 33(1): 13-20. 

Digiovine B, Chenoweth C, Watts C & Higgins M (1999) The attributable mortality and costs of 
primary nosocomial bloodstream infections in the intensive care unit. Am J Respir Crit Care 
Med 160(3): 976-981. 

Dodek P, Keenan S, Cook D, Heyland D, Jacka M, Hand L, Muscedere J, Foster D, Mehta N, Hall 
R, Brun-Buisson C, Canadian Critical Care Trials,Group & Canadian Critical Care S (2004) 
Evidence-based clinical practice guideline for the prevention of ventilator-associated 
pneumonia. Ann Intern Med. 141(4): 305-313. 

Drakulovic MB, Torres A, Bauer TT, Nicolas JM, Nogue S & Ferrer M (1999) Supine body 
position as a risk factor for nosocomial pneumonia in mechanically ventilated patients: a 
randomised trial. Lancet 354(9193): 1851-1858. 

Edgeworth JD, Treacher DF & Eykyn SJ (1999) A 25-year study of nosocomial bacteremia in an 
adult intensive care unit.see comment. Crit Care Med 27(8): 1421-1428. 

Eggimann P & Pittet D (2001) Infection Control in the ICU. Chest 120: 2059-2059;2093. 
Eggimann P, Hugonnet S, Sax H, Touveneau S, Chevrolet JC & Pittet D (2003) Ventilator-

associated pneumonia: caveats for benchmarking. Intensive Care Med 29(11): 2086-2089. 
Emmerson AM, Enstone JE, Griffin M, Kelsey MC & Smyth ET (1996) The Second National 

Prevalence Survey of infection in hospitals--overview of the results. J Hosp Infect 32(3): 175-
190. 



 67

Erbay H, Yalcin AN, Serin S, Turgut H, Tomatir E, Cetin B & Zencir M (2003) Nosocomial 
infections in intensive care unit in a Turkish university hospital: a 2-year survey. Intensive Care 
Med 29(9): 1482-1488. 

Fagon JY, Chastre J, Vuagnat A, Trouillet JL, Novara A & Gibert C (1996) Nosocomial 
pneumonia and mortality among patients in intensive care units. JAMA 275(11): 866-869. 

Fagon, JeanYves C, Jean W, Michel G, Claude P, Sylvie S, Francois S, Thomas M, Alain D, 
JeanLuc S, JeanPierre T & Alain for the VAP Trial,Group (2000) Invasive and Noninvasive 
Strategies for Management of Suspected Ventilator-Associated Pneumonia: A Randomized 
Trial. Ann Intern Med 132(8): 621-630. 

Fakhry SM, Kercher KW & Rutledge R (1996) Survival, quality of life, and charges in critically III 
surgical patients requiring prolonged ICU stays. J Trauma 41(6): 999-1007. 

Fernandez-Crehuet R, Diaz-Molina C, de Irala J, Martinez-Concha D, Salcedo-Leal I & Masa-
Calles J (1997) Nosocomial infection in an intensive-care unit: identification of risk factors. 
Infect Control Hosp Epidemiol 18(12): 825-830. 

Fine MJ, Smith MA, Carson CA, Mutha SS, Sankey SS, Weissfeld LA & Kapoor WN (1996) 
Prognosis and outcomes of patients with community-acquired pneumonia. A meta-analysis. 
JAMA 275(2): 134-141. 

Finfer S, Bellomo R, Lipman J, French C, Dobb G & Myburgh J (2004) Adult-population 
incidence of severe sepsis in Australian and New Zealand intensive care units. Intensive Care 
Med 30(4): 589-596. 

Flaatten H (2004) Epidemiology of sepsis in Norway in 1999. Crit Care 8(4): R180-4. 
Fujitani S & Yu VL (2006) Quantitative Cultures for Diagnosing Ventilator- Associated 

Pneumonia: A Critique. Clin Infect Dis 43: S106-S113. 
Garcia Lizana F, Peres Bota D, De Cubber M & Vincent JL (2003) Long-term outcome in ICU 

patients: what about quality of life? Intensive Care Med 29(8): 1286-1293. 
Garner JS, Jarvis WR, Emori TG, Horan TC & Hughes JM (1988) CDC definitions for nosocomial 

infections, 1988. Am J Infect Control 16(3): 128-140. 
Garrouste-Orgeas M, Timsit JF, Tafflet M, Misset B, Zahar J, Soufir L, Lazard T, Jamali S, 

Mourvillier B, Cohen Y, De Lassence A, Azoulay E, Cheval C, Descorps-Declere A, Adrie C, 
de Beauregard MC & Carlet J (2006) Excess Risk of Death from Intensive Care Unit--Acquired 
Nosocomial Bloodstream Infections: A Reappraisal. Clin Infect Dis 42(8): 1118-1126. 

Gastmeier P, Geffers C, Brandt C, Zuschneid I, Sohr D, Schwab F, Behnke M, Daschner F & 
Ruden H (2006) Effectiveness of a nationwide nosocomial infection surveillance system for 
reducing nosocomial infections. J Hosp Infect 64(1): 16-22. 

Gastmeier P, Kampf G, Wischnewski N, Hauer T, Schulgen G, Schumacher M, Daschner F & 
Ruden H (1998) Prevalence of nosocomial infections in representative German hospitals. J 
Hosp Infect. 38(1): 37-49. 

Gastmeier P, Sohr D, Just HM, Nassauer A, Daschner F & Ruden H (2000) How to survey 
nosocomial infections. Infect Control Hosp Epidemiol 21(6): 366-370. 

Girou E, Stephan F, Novara A, Safar M & Fagon JY (1998) Risk factors and outcome of 
nosocomial infections: results of a matched case-control study of ICU patients. Am J Respir Crit 
Care Med 157(4 Pt 1): 1151-1158. 

Graf J, Wagner J, Graf C, Koch KC & Janssens U (2005) Five-year survival, quality of life, and 
individual costs of 303 consecutive medical intensive care patients--a cost-utility analysis. Crit 
Care Med 33(3): 547-555. 

Gramlich L, Kichian K, Pinilla J, Rodych NJ, Dhaliwal R & Heyland DK (2004/10) Does enteral 
nutrition compared to parenteral nutrition result in better outcomes in critically ill adult patients? 
A systematic review of the literature. Nutrition 20(10): 843-848. 

Granja C & Azevedo LF (2006) When (quality of) life is at stake and intensive care is needed: how 
much can we trust our proxies? Intensive Care Med 32(11): 1681-1682. 



 68

Granja C, Dias C, Costa-Pereira A & Sarmento A (2004) Quality of life of survivors from severe 
sepsis and septic shock may be similar to that of others who survive critical illness. Crit Care 
8(2): R91-8. 

Granja C, Teixeira-Pinto A & Costa-Pereira A (2002) Quality of life after intensive care--
evaluation with EQ-5D questionnaire. Intensive Care Med 28(7): 898-907. 

Graves N, Weinhold D, Tong E, Birrell F, Doidge S, Ramritu P, Halton K, Lairson D & Whitby M 
(2007) Effect of healthcare-acquired infection on length of hospital stay and cost. Infect Control 
Hosp Epidemiol 28: 280-292. 

Grundmann H, Barwolff S, Tami A, Behnke M, Schwab F, Geffers C, Halle E, Gobel UB, Schiller 
R, Jonas D, Klare I, Weist K, Witte W, Beck-Beilecke K, Schumacher M, Ruden H & 
Gastmeier P (2005) How many infections are caused by patient-to-patient transmission in 
intensive care units? Crit Care Med 33: 946-951. 

Halwani M, Solaymani-Dodaran M, Grundmann H, Coupland C & Slack R (2006) Cross-
transmission of nosocomial pathogens in an adult intensive care unit: incidence and risk factors. 
J Hosp Infect 63(1): 39-46. 

Hernandez G, Rico P, Diaz E & Rello J (2004) Nosocomial lung infections in adult intensive care 
units. Microbes & Infection 6(11): 1004-1014. 

Heyland DK, Hopman W, Coo H, Tranmer J & McColl MA (2000) Long-term health-related 
quality of life in survivors of sepsis. Short Form 36: A valid and reliable measure of health-
related quality of life. Crit Care Med 28(11): 3599-3605. 

Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, Finfer S, Flabouris A & MERIT 
study i (2005) Introduction of the medical emergency team (MET) system: a cluster-randomised 
controlled trial.erratum appears in Lancet. 2005 Oct 1;366(9492):1164. Lancet 365(9477): 
2091-2097. 

Hofhuis J, Hautvast JL, Schrijvers AJ & Bakker J (2003) Quality of life on admission to the 
intensive care: can we query the relatives? Intensive Care Med 29(6): 974-979. 

Holzapfel L, Chastang C, Demingeon G, Bohe J, Piralla B & Coupry A (1999) A randomized study 
assessing the systematic search for maxillary sinusitis in nasotracheally mechanically ventilated 
patients. Influence of nosocomial maxillary sinusitis on the occurrence of ventilator-associated 
pneumonia. Am J Respir Crit Care Med 159(3): 695-701. 

Hong SK, Lim C & Koh Y (2004) Incidence and Mortality of Sepsis. SURGICAL INTENSIVE 
CARE PATIENTS: THE INFLUENCE OF INFECTION ON SEPSIS: 569.[Abstract]. Crit Care 
Med 32(12 (Supplement)): A159. 

Horan TC, Gaynes RP, Martone WJ, Jarvis WR & Emori TG (1992) CDC definitions of 
nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound 
infections. Infect Control Hosp Epidemiol 13(10): 606-608. 

Hugonnet S, Chevrolet JC & Pittet D (2007) The effect of workload on infection risk in critically ill 
patients. Crit Care Med 35(1): 76-81. 

Hugonnet S, Eggimann P, Borst F, Maricot P, Chevrolet J & Pittet D (2004) Impact of ventilator-
associated pneumonia on resource utilization and patient outcome. Infect Control Hosp 
Epidemiol 25(12): 1090-1096. 

Hugonnet S, Harbarth S, Ferriere K, Ricou B, Suter P & Pittet D (2003) Bacteremic sepsis in 
intensive care: Temporal trends in incidence, organ dysfunction, and prognosis. Crit Care Med 
31(2): 390-394. 

Hutchins RR, Gunning MP, Lucas DN, Allen-Mersh TG & Soni NC (2004) Relaparotomy for 
suspected intraperitoneal sepsis after abdominal surgery. World J Surg 28(2): 137-141. 

Jarvis WR (2006) Lowbury Lecture: The United States Approach to Strategies in the Battle Against 
Healthcare-Associated Infections. In: Anonymous Sixth International Conference of the 
Hospital Infection Society. Amsterdam, The Netherlands  



 69

Jarvis WR (2004) The state of the science of health care epidemiology, infection control, and 
patient safety, 2004. Am J Infect Control 32(8): 496-503. 

Jarvis WR (2003) Benchmarking for prevention: the Centers for Disease Control and Prevention's 
National Nosocomial Infections Surveillance (NNIS) system experience. Infection 31(Suppl 2): 
44-48. 

Jokinen C, Heiskanen L, Juvonen H, Kallinen S, Karkola K, Korppi M, Kurki S, Ronnberg PR, 
Seppa A & Soimakallio S (1993) Incidence of community-acquired pneumonia in the 
population of four municipalities in eastern Finland. Am J Epidemiol 137(9): 977-988. 

Jones C, Skirrow P, Griffiths RD, Humphris GH, Ingleby S, Eddleston J, Waldmann C & Gager M 
(2003) Rehabilitation after critical illness: a randomized, controlled trial. Crit Care Med 31(10): 
2456-2461. 

Karakitsos D, Labropoulos N, De Groot E, Patrianakos A, Kouraklis G, Poularas J, Samonis G, 
Tsoutsos D, Konstadoulakis M & Karabinis A (2006) Real-time ultrasound-guided 
catheterisation of the internal jugular vein: a prospective comparison with the landmark 
technique in critical care patients. Critical Care 10(6): R162. 

Karlsson S, Varpula M, Ruokonen E, Pettila V, Parviainen I, Ala-Kokko TI, Kolho E & Rintala 
EM (2007) Incidence, treatment, and outcome of severe sepsis in ICU-treated adults in Finland: 
the Finnsepsis study. Intensive Care Med 33: in press. 

Keene AR & Cullen DJ (1983) Therapeutic Intervention Scoring System: update 1983. Crit Care 
Med 11(1): 1-3. 

Kim PW, Perl TM, Keelaghan EF, Langenberg P, Perencevich EN, Harris AD, Song X & 
Roghmann MC (2005) Risk of mortality with a bloodstream infection is higher in the less 
severely ill at admission. Am J Respir Crit Care Med 171(6): 616-620. 

Klevens RM, Edwards JR, Tenover FC, McDonald LC, Horan T & Gaynes R (2006) Changes in 
the Epidemiology of Methicillin-Resistant Staphylococcus aureus in Intensive Care Units in US 
Hospitals, 1992-2003. Clin Infect Dis 42(3): 389-391. 

Knaus WA, Draper EA, Wagner DP & Zimmerman JE (1985) APACHE II: a severity of disease 
classification system. Crit Care Med 13(10): 818-829. 

Koeman M, van der Ven,Andre J.A.M., Hak E, Joore HCA, Kaasjager K, de Smet AGA, Ramsay 
G, Dormans TPJ, Aarts LPHJ, de Bel EE, Hustinx WNM, van der Tweel I, Hoepelman AM & 
Bonten MJM (2006) Oral Decontamination with Chlorhexidine Reduces the Incidence of 
Ventilator-associated Pneumonia. Am J Respir Crit Care Med 173(12): 1348-1355. 

Kollef MH (1993) Ventilator-associated pneumonia. A multivariate analysis. JAMA 270(16): 
1965-1970. 

Kollef MH (2006) Diagnosis of Ventilator-Associated Pneumonia. N Engl J Med 355(25): 2691-
2693. 

Krankenhaus-Infektions-Surveillance-System: http://www.nrz-hygiene.de/ 
Kriwanek S, Armbruster C, Dittrich K, Beckerhinn P, Schwarzmaier A & Redl E (1998) Long-term 

outcome after open treatment of severe intra-abdominal infection and pancreatic necrosis. Arch 
Surg 133(2): 140-144. 

Kumar A, Roberts D, Wood KEDO, Light B, Parrillo JE, Sharma S, Suppes RBS, Feinstein D, 
Zanotti S, Taiberg L, Gurka D, Kumar A & Cheang M (2006) Duration of hypotension before 
initiation of effective antimicrobial therapy is the critical determinant of survival in human 
septic shock *.Article. Crit Care Med 34(6): 1589-1596. 

Laupland KB, Lee H, Gregson DB & Manns BJ (2006) Cost of intensive care unit-acquired 
bloodstream infections. J Hosp Infect 63(2): 124-132. 

Laupland KB, Zygun DA, Davies HD, Church DL, Louie TJ & Doig CJ (2002) Incidence and risk 
factors for acquiring nosocomial urinary tract infection in the critically ill. J Crit Care 17(1): 50-
57. 

http://www.nrz-hygiene.de


 70

Laupland KB, Gregson DB, Zygun DA, Doig CJ, Mortis G & Church DL (2004) Severe 
bloodstream infections: A population-based assessment *. Crit Care Med 32(4): 992-997. 

Le Gall J, Lemeshow S & Saulnier F (1993) A New Simplified Acute Physiology Score (SAPS II) 
Based on a European/North American Multicenter Study. JAMA 270(24): 2957-2963. 

Legras A, Malvy D, Quinioux AI, Villers D, Bouachour G, Robert R & Thomas R (1998) 
Nosocomial infections: prospective survey of incidence in five French intensive care units. 
Intensive Care Med 24(10): 1040-1046. 

Leone M, Albanese J, Garnier F, Sapin C, Barrau K, Bimar MC & Martin C (2003) Risk factors of 
nosocomial catheter-associated urinary tract infection in a polyvalent intensive care unit. 
Intensive Care Med 29(7): 1077-1080. 

Levy MM. Fink MP. Marshall JC. Abraham E. Angus D. Cook D. Cohen J. Opal SM. Vincent JL. 
Ramsay G. SCCM/ESICM/ACCP/ATS/SIS (2003) 2001 SCCM/ESICM/ACCP/ATS/SIS 
International Sepsis Definitions Conference. Crit Care Med 31(4): 1250-1256. 

Luna CM, Aruj P, Niederman MS, Garzon J, Violi D, Prignoni A, Rios F, Baquero S, Gando S & 
for the Grupo Argentino de Estudio de la Neumonia Asociada al Respirador (GANAR) group, 
(2006) Appropriateness and delay to initiate therapy in ventilator-associated pneumonia. Eur 
Respir J 27(1): 158-164. 

Luna C, Vujacich P, Niederman M, Vay C, Gherardi C, Matera J & Jolly E (1997) Impact of BAL 
data on the therapy and outcome of ventilator-associated pneumonia. Chest 111(3): 676-685. 

Lyytikäinen O, Kanerva M, Agthe N & Möttönen T (2005) Sairaalainfektioiden esiintyvyys 
Suomessa 2005. Suomen Lääkäril 60(33): 3119-4. 

McCusker ME, Perisse AR & Roghmann MC (2002) Severity-of-illness markers as predictors of 
nosocomial infection in adult intensive care unit patients. Am J Infect Control 30(3): 139-144. 

Metintas S, Akgun Y, Durmaz G & Kalyoncu C (2004) Prevalence and characteristics of 
nosocomial infections in a Turkish university hospital. Am J Infect Control 32(7): 409-413. 

Meyer E, Schwab F, Gastmeier P, Rueden H & Daschner FD (2006) Surveillance of Antimicrobial 
Use and Antimicrobial Resistance in German Intensive Care Units (SARI): A Summary of the 
Data from 2001 through 2004. Infection 34(6): 303-309. 

Miller PR, Johnson JC,3rd, Karchmer T, Hoth JJ, Meredith JW & Chang MC (2006) National 
nosocomial infection surveillance system: from benchmark to bedside in trauma patients. J 
Trauma 60(1): 98-103. 

Minei JP, Hawkins K, Moody B, Uchal LB, Joy K, Christensen LL & Haley RW (2000) 
Alternative case definitions of ventilator-associated pneumonia identify different patients in a 
surgical intensive care unit. Shock 14(3): 331-336. 

Moine P, Timsit JF, De Lassence A, Troche G, Fosse JP, Alberti C, Cohen Y & OUTCOMEREA 
study g (2002) Mortality associated with late-onset pneumonia in the intensive care unit: results 
of a multi-center cohort study. Intensive Care Med 28(2): 154-163. 

Niskanen M, Kari A & Halonen P (1996) Five-year survival after intensive care--comparison of 
12,180 patients with the general population. Finnish ICU Study Group. Crit Care Med 24(12): 
1962-1967. 

Niskanen M, Ruokonen E, Takala J, Rissanen P & Kari A (1999) Quality of life after prolonged 
intensive care. Crit Care Med 27(6): 1132-1139. 

NNIS System (2004) National Nosocomial Infections Surveillance (NNIS) System Report, data 
summary from January 1992 through June 2004, issued October 2004. Am J Infect Control 
32(8): 470-485. 

O'Grady NP, Alexander M, Dellinger EP, Gerberding JL, Heard SO, Maki DG, Masur H, 
McCormick RD, Mermel LA, Pearson ML, Raad II, Randolph A & Weinstein RA (2002) 
Guidelines for the prevention of intravascular catheter-related infections. Centers for Disease 
Control and Prevention. MMWR Recomm Rep 51(RR-10): 1-29. 



 71

Olaechea PM, Ulibarrena MA, Alvarez-Lerma F, Insausti J, Palomar M, De la Cal MA & ENVIN-
UCI Study G (2003) Factors related to hospital stay among patients with nosocomial infection 
acquired in the intensive care unit. Infect Control Hosp Epidemiol 24(3): 207-213. 

Osmon S, Warren D, Seiler SM, Shannon W, Fraser VJ & Kollef MH (2003) The influence of 
infection on hospital mortality for patients requiring > 48 h of intensive care. Chest 124(3): 
1021-1029. 

Padkin A, F.R.C.A., Goldfrad C, Brady AR, Young DDM, C.A., Black N & Rowan KDP (2003) 
Epidemiology of severe sepsis occurring in the first 24 hrs in intensive care units in England, 
Wales, and Northern Ireland. Crit Care Med 31(9): 2332-2338. 

Paganin F, Lilienthal F, Bourdin A, Lugagne N, Tixier F, Genin R & Yvin JL (2004) Severe 
community-acquired pneumonia: assessment of microbial aetiology as mortality factor. Eur 
Respir J 24(5): 779-785. 

Papazian L, Bregeon F, Thirion X, Gregoire R, Saux P, Denis JP, Perin G, Charrel J, Dumon JF, 
Affray JP & Gouin F (1996) Effect of ventilator-associated pneumonia on mortality and 
morbidity. Am J Respir Crit Care Med 154(1): 91-97. 

Parviainen I, Herranen A, Holm A, Uusaro A & Ruokonen E (2004) Results and costs of intensive 
care in a tertiary university hospital from 1996-2000. Acta Anaesthesiol Scand 48(1): 55-60. 

Perl TM, Dvorak L, Hwang T & Wenzel RP (1995) Long-Term Survival and Function After 
Suspected Gram-Negative Sepsis. JAMA 274(4): 338-345. 

Peter JV, Moran JL & PhillipsHughes J (2005) A metaanalysis of treatment outcomes of early 
enteral versus early parenteral nutrition in hospitalized patients *.Review. Crit Care Med 33(1): 
213-220. 

Pettila V, Kaarlola A & Makelainen A (2000) Health-related quality of life of multiple organ 
dysfunction patients one year after intensive care. Intensive Care Med 26(10): 1473-1479. 

Pettila V, Pettila M, Sarna S, Voutilainen P & Takkunen O (2002) Comparison of multiple organ 
dysfunction scores in the prediction of hospital mortality in the critically ill. Crit Care Med 
30(8): 1705-1711. 

Pittet D, Allegranzi B, Sax H, Bertinato L, Concia E, Cookson B, Fabry J, Richet H, Philip P, 
Spencer RC, Ganter BW & Lazzari S (2005) Considerations for a WHO European strategy on 
health-care-associated infection, surveillance, and control. Lancet Infect Dis 5(4): 242-250. 

Pittet D, Hugonnet S, Harbarth S, Mourouga P, Sauvan V, Touveneau S & Perneger TV (2000) 
Effectiveness of a hospital-wide programme to improve compliance with hand hygiene. 
Infection Control Programme. Lancet 356(9238): 1307-1312. 

Pittet D, Tarara D & Wenzel RP (1994) Nosocomial bloodstream infection in critically ill patients. 
Excess length of stay, extra costs, and attributable mortality. JAMA 271(20): 1598-1601. 

Pittet D & Harbarth SJ (1998) The Intensive Care Unit. In: Bennet JV & Brachman PS (eds) 
Hospital Infections. Fourth Edition Philadelphia, New York: Lippincott-Raven Publishers, 381-
400. 

Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, Sexton B, Hyzy R, Welsh 
R, Roth G, Bander J, Kepros J & Goeschel C (2006) An Intervention to Decrease Catheter-
Related Bloodstream Infections in the ICU. N Engl J Med 355(26): 2725-2732. 

Quartin AA, Schein RMH, Kett DH & Peduzzi PN (1997) Magnitude and Duration of the Effect of 
Sepsis on Survival. JAMA 277(13): 1058-1063. 

Rello J, Ausina V, Ricart M, Castella J & Prats G (1993) Impact of previous antimicrobial therapy 
on the etiology and outcome of ventilator-associated pneumonia. Chest 104(4): 1230-1235. 

Rello J, Bodi M, Mariscal D, Navarro M, Diaz E, Gallego M & Valles J (2003) Microbiological 
testing and outcome of patients with severe community-acquired pneumonia. Chest 123(1): 174-
180. 

Rello J, Diaz E, Roque M & Valles J (1999) Risk factors for developing pneumonia within 48 
hours of intubation. Am J Respir Crit Care Med 159(6): 1742-1746. 



 72

Rello J, Ochagavia A, Sabanes E, Roque M, Mariscal D, Reynaga E & Valles J (2000) Evaluation 
of outcome of intravenous catheter-related infections in critically ill patients. Am J Respir Crit 
Care Med 162(3 Pt 1): 1027-1030. 

Rello J, Ollendorf DA, Oster G, Vera-Llonch M, Bellm L, Redman R, Kollef MH & VAP 
Outcomes Scientific Advisory,Group (2002) Epidemiology and outcomes of ventilator-
associated pneumonia in a large US database. Chest 122(6): 2115-2121. 

Rello J, Paiva JA, Baraibar J, Barcenilla F, Bodi M, Castander D, Correa H, Diaz E, Garnacho J, 
Llorio M, Rios M, Rodriguez A & Sole-Violan J (2001) International Conference for the 
Development of Consensus on the Diagnosis and Treatment of Ventilator-associated 
Pneumonia. Chest 120(3): 955-970. 

Renaud B, Brun-Buisson C & ICU-Bacteremia Study G (2001) Outcomes of primary and catheter-
related bacteremia. A cohort and case-control study in critically ill patients.[see comment]. Am 
J Respir Crit Care Med 163(7): 1584-1590. 

Resar R, Pronovost P, Haraden C, Simmonds T, Rainey T & Nolan T (2005) Using a bundle 
approach to improve ventilator care processes and reduce ventilator-associated pneumonia. Jt 
Comm J Qual Patient Saf 31(5): 243-248. 

Richards MJ, Edwards JR, Culver DH & Gaynes RP (2000) Nosocomial infections in combined 
medical-surgical intensive care units in the United States. Infect Control Hosp Epidemiol 21(8): 
510-515. 

Robert J, Fridkin SK, Blumberg HM, Anderson B, White N, Ray SM, Chan J & Jarvis WR (2000) 
The influence of the composition of the nursing staff on primary bloodstream infection rates in a 
surgical intensive care unit. Infect Control Hosp Epidemiol 21(1): 12-17. 

Roch A, Michelet P, Jullien AC, Thirion X, Bregeon F, Papazian L, Roche P, Pellet W & Auffray 
JP (2003) Long-term outcome in intensive care unit survivors after mechanical ventilation for 
intracerebral hemorrhage. Crit Care Med 31(11): 2651-2656. 

Rosenthal VD, Guzman S, Migone O & Crnich CJ (2003) The attributable cost, length of hospital 
stay, and mortality of central line-associated bloodstream infection in intensive care departments 
in Argentina: A prospective, matched analysis. Am.J.Infect.Control 31(8): 475-480. 

Rosenthal VD, Guzman S, Migone O & Safdar N (2005) The attributable cost and length of 
hospital stay because of nosocomial pneumonia in intensive care units in 3 hospitals in 
Argentina: a prospective, matched analysis. Am J Infect Control 33(3): 157-161. 

Rosenthal VD, Guzman S & Orellano PW (2003a) Nosocomial infections in medical-surgical 
intensive care units in Argentina: attributable mortality and length of stay. Am J Infect Control 
31(5): 291-295. 

Rosenthal VD, Guzman S & Orellano PW (2003b) Nosocomial infections in medical-surgical 
intensive care units in Argentina: attributable mortality and length of stay. Am J Infect Control 
31(5): 291-295. 

Rosenthal VD, Maki DG, Salomao R, Moreno CA, Mehta Y, Higuera F, Cuellar LE, Arikan OA, 
Abouqal R, Leblebicioglu H & for the International Nosocomial Infection Control Consortium*, 
(2006) Device-Associated Nosocomial Infections in 55 Intensive Care Units of 8 Developing 
Countries. Ann Intern Med 145(8): 582-591. 

Ruiz M, Ewig S, Torres A, Arancibia F, Marco F, Mensa J, Sanchez M & Martinez JA (1999) 
Severe community-acquired pneumonia. Risk factors and follow-up epidemiology. Am J Respir 
Crit Care Med 160(3): 923-929. 

Safdar N, Dezfulian C, Collard HR & Saint S (2005) Clinical and economic consequences of 
ventilator-associated pneumonia: a systematic review. Crit Care Med 33(10): 2184-2193. 

Saint S (2000/2) Clinical and economic consequences of nosocomial catheter-related bacteriuria. 
Am J Infect Control 28(1): 68-75. 



 73

Sanchez-Velazquez LD, Ponce de Leon Rosales,S. & Rangel Frausto MS (2006) The burden of 
nosocomial infection in the intensive care unit: Effects on organ failure, mortality and costs. A 
nested case-control study. Arch Med Res 37(3): 370-375. 

Sasse KC, Nauenberg E, Long A, Anton B, Tucker HJ & Hu TW (1995) Long-term survival after 
intensive care unit admission with sepsis. Crit Care Med 23(6): 1040-1047. 

Scales DC, Tansey CM, Matte A & Herridge MS (2006) Difference in reported pre-morbid health-
related quality of life between ARDS survivors and their substitute decision makers. Intensive 
Care Med 32: 1826-1831. 

Shorr AF & Kollef MH (2005) Ventilator-associated pneumonia: insights from recent clinical 
trials. Chest 128(5 Suppl 2): 583S-591S. 

Silva E, Pedro M, Sogayar A, Mohovic T, Silva C, Janiszewski M, Cal R, de Sousa E, Abe T, de 
Andrade J, de Matos J, Rezende E, Assuncao M, Avezum A, Rocha P, de Matos G, Bento A, 
Correa A, Vieira P & Knobel E (2004) Brazilian Sepsis Epidemiological Study (BASES study). 
Crit Care 8(4): R251-R260. 

Silvestri L, Petros AJ, Sarginson RE, de la Cal MA, Murray AE & van Saene HK (2005) 
Handwashing in the intensive care unit: a big measure with modest effects. J Hosp Infect 59(3): 
172-179. 

Smith L, Orts CM, O'Neil I, Batchelor AM, Gascoigne AD & Baudouin SV (1999) TISS and 
mortality after discharge from intensive care.see comment. Intensive Care Med 25(10): 1061-
1065. 

Soufir L, Timsit JF, Mahe C, Carlet J, Regnier B & Chevret S (1999) Attributable morbidity and 
mortality of catheter-related septicemia in critically ill patients: a matched, risk-adjusted, cohort 
study. Infect Control Hosp Epidemiol 20(6): 396-401. 

Tejerina E, Frutos-Vivar F, Restrepo MI, Anzueto A, Palizas F, Gonzalez M, Apezteguia C, 
Abroug F, Matamis D, Bugedo G, Esteban A & for the International Mechanical Ventilation 
Study,Group (2005) Prognosis factors and outcome of community-acquired pneumonia needing 
mechanical ventilation. J.Crit.Care 20(3): 230-238. 

The Canadian Critical Care Trials Group, (2006) A Randomized Trial of Diagnostic Techniques for 
Ventilator-Associated Pneumonia. N Engl J Med 355(25): 2619-2630. 

Timsit JF, Chevret S, Valcke J, Misset B, Renaud B, Goldstein FW, Vaury P & Carlet J (1996) 
Mortality of nosocomial pneumonia in ventilated patients: influence of diagnostic tools. Am J 
Respir Crit Care Med 154(1): 116-123. 

Trautner BW & Darouiche RO (2004) Catheter-associated infections: pathogenesis affects 
prevention. Arch Intern Med 164(8): 842-850. 

Valles J, Mesalles E, Mariscal D, del Mar Fernandez M, Pena R, Jimenez JL & Rello J (2003) A 7-
year study of severe hospital-acquired pneumonia requiring ICU admission. Intensive Care Med 
29(11): 1981-1988. 

van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, Vlasselaers D, 
Ferdinande P, Lauwers P & Bouillon R (2001) Intensive insulin therapy in the critically ill 
patients. N Engl J Med 345(19): 1359-1367. 

van der Kooi TI, de Boer AS, Mannien J, Wille JC, Beaumont MT, Mooi BW & van den Hof S 
(2007) Incidence and risk factors of device-associated infections and associated mortality at the 
intensive care in the Dutch surveillance system. Intensive Care Med 33(2): 271-278. 

van Gestel A, Bakker J, Veraart C & van Hout B (2004) Prevalence and incidence of severe sepsis 
in Dutch intensive care units. Crit Care 8(4): R153-R162. 

van Nieuwenhoven CA, Vandenbroucke-Grauls, Christine van Tiel,Frank H., Joore HC, A, van 
Schijndel RJ, M, Strack van der Tweel, Ingeborg Ramsay, Graham Bonten,Marc J. & M (2006) 
Feasibility and effects of the semirecumbent position to prevent ventilator-associated 
pneumonia: A randomized study. Crit Care Med 34(2): 396-402. 



 74

Vincent J, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, F.C.C.M., Sprung, Charles 
L.,J.D., F.C.C.M., Colardyn F & Blecher S (1998) Use of the SOFA score to assess the 
incidence of organ dysfunction/failure in intensive care units: Results of a multicenter, 
prospective study. Crit Care Med 26(11): 1793-1800. 

Vincent JL (2003) Nosocomial infections in adult intensive-care units. Lancet 361(9374): 2068-
2077. 

Vincent JFCCM, Sakr Y, B.Ch, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, Moreno R, Carlet 
J, Le Gall J, Payen D & on behalf of the Sepsis Occurrence in Acutely Ill Patients Investigators 
(2006) Sepsis in European intensive care units: Results of the SOAP study. Crit Care Med 
34(2): 344-353. 

Vincent J, Bihari DJ, Suter PM, Bruining HA, White J, Nicolas-Chanoin M, Wolff M, Spencer RC 
& Hemmer M (1995) The Prevalence of Nosocomial Infection in Intensive Care Units in 
Europe: Results of the European Prevalence of Infection In Intensive Care (EPIC) Study. JAMA 
274(8): 639-644. 

Vosylius S, Sipylaite J & Ivaskevicius J (2003) Intensive care unit acquired infection: a prevalence 
and impact on morbidity and mortality. Acta Anaesthesiol Scand 47(9): 1132-1137. 

Wagenlehner FME, Loibl E, Vogel H & Naber KG (2006/8) Incidence of nosocomial urinary tract 
infections on a surgical intensive care unit and implications for management. Proceedings of the 
9th International Symposium on Urinary Tract Infection held during the 24th International 
Congress of Chemotherapy 4-6 June 2005 in Manila, The Philippines. Int J Antimicrob Agents 
28(Supplement 1): 86-90. 

Wallace WC, Cinat M, Gornick WB, Lekawa ME & Wilson SE (1999) Nosocomial infections in 
the surgical intensive care unit: a difference between trauma and surgical patients. Am Surg 
65(10): 987-990. 

Warren DK, Quadir WW, Hollenbeak CS, Elward AM, Cox MJ & Fraser VJ (2006) Attributable 
cost of catheter-associated bloodstream infections among intensive care patients in a 
nonteaching hospital. Crit Care Med 34(8): 2084-2089. 

Warren DK, Shukla SJ, Olsen MA, Kollef MH, Hollenbeak CS, Cox MJ, Cohen MM & Fraser VJ 
(2003) Outcome and attributable cost of ventilator-associated pneumonia among intensive care 
unit patients in a suburban medical center. Crit Care Med 31(5): 1312-1317. 

Wehler M, Geise A, Hadzionerovic D, Aljukic E, Reulbach U, Hahn EG & Strauss R (2003) 
Health-related quality of life of patients with multiple organ dysfunction: individual changes 
and comparison with normative population. Crit Care Med 31(4): 1094-1101. 

Wehler M, Martus P, Geise A, Bost A, Mueller A, Hahn EG & Strauss R (2001) Changes in quality 
of life after medical intensive care. Intensive Care Med 27(1): 154-159. 

Weinstein RA & Maki DG (2004) Prevention of Infection in ICU Patients. In: Cohen J & Powderly 
W (eds) Infectious Diseases. Second Edition London: Elsevier Limited,  

Weist K, Pollege K, Schulz I, Ruden H & Gastmeier P (2002) How many nosocomial infections are 
associated with cross-transmission? A prospective cohort study in a surgical intensive care unit. 
Infect Control Hosp Epidemiol 23: 127-132. 

Weycker D, Akhras KS, Edelsberg J, Angus DC & Oster G (2003) Long-term mortality and 
medical care charges in patients with severe sepsis. Crit Care Med 31(9): 2316-2323. 

Woodhead M, Welch C, Harrison D, Bellingan G & Ayres J (2006) Community-acquired 
pneumonia on the intensive care unit: secondary analysis of 17,869 cases in the ICNARC Case 
Mix Programme Database. Critical Care 10(Suppl 2): S1. 

Yoshimoto A, Nakamura H, Fujimura M & Nakao S (2005) Severe community-acquired 
pneumonia in an intensive care unit: risk factors for mortality. Intern Med 44(7): 710-716. 

Zack JE, Garrison T, Trovillion E, Clinkscale D, Coopersmith CM, Fraser VJ & Kollef MH (2002) 
Effect of an education program aimed at reducing the occurrence of ventilator-associated 
pneumonia. Crit Care Med 30(11): 2407-2412. 



 75

Zuschneid I, Schwab F, Geffers C, Behnke M, Ruden H & Gastmeier P (2007) Trends in 
Ventilator-Associated Pneumonia Rates Within the German Nosocomial Infection Surveillance 
System (KISS). Infect Control Hosp Epidemiol 28(3): 314-318. 



 Appendix  

 Definitions of hospital and ICU-acquired infections 

An infection manifested on admission into hospital is defined as community-acquired 
(CAI). A nosocomial or hospital-acquired infection (HAI) is defined as an infection that 
is not present or incubating at the time when the patient is admitted. Hospital-acquired 
infections also include the infections acquired during an earlier hospital period. An ICU-
acquired infection is defined as an infection that develops at least 48 hours after 
admission into ICU.  

The presence of an infection was recorded according to the definition of the Centers 
for Disease Control and Prevention (CDC) (Garner et al. 1988, Horan et al. 1992) with 
the following modification: 

Pneumonia was diagnosed when a new or progressive infiltration, consolidation or 
pleura effusion was found with the presence of any two of the following: fever > 38° or 
hypothermia < 36°, leucocytosis > 10 × 103 /mm3 or leucopenia < 4.0 × 103 /mm3 and 
new purulent tracheal aspirate (Rello et al. 2001). 

Pneumonias without preceding ventilator treatment were also diagnosed as LRTI. 
Catheter-related infection (CRI): the same strains of bacteria isolated in blood cultures 

and in a semi-quantitative catheter tip culture, when no other site of infection was 
present. A CRI infection was also diagnosed if a patient had a positive semi-quantitative 
catheter tip culture while blood cultures showed no growth or were not done, and there 
were clinical signs of infection, no other site of infection was present, and a favourable 
response to antimicrobial therapy was obtained.  

Sepsis was defined based on any of the following three symptoms in the presence of 
an infection (2003): temperature ≥ 38 °C or ≤ 36 °C, heart rate ≥ 90 beats /minute (if the 
patient had medication to prevent tachycardia, only the two remaining criteria were 
required), respiratory rate ≥ 20 breaths /minute or need for mechanical ventilation 
unrelated to a neuromuscular disease or a need for general anaesthesia, white blood cells 
≥ 12 000 /mm3 or ≤ 4 000 /mm3 or > 10% premature bands. 

Severe sepsis was defined as sepsis with one or more organ dysfunction. Renal: urine 
output < 0.5 ml/kg/hour for more than 1 hour; respiratory: evidence of acute pulmonary 
dysfunction defined as a PaO2/FiO2 ratio of < 33 kPa (< 250 mmHg); haematological: 
platelet count < 80 × 109 or a more than 50% decrease from the highest value; metabolic: 
unexplained metabolic acidosis (pH ≤ 7.30 or base excess < -5.0 Meq/l or plasma lactate 
level > 1.5 times the upper limit of normal).  

Septic shock was defined as sepsis-induced hypotension despite adequate fluid 
resuscitation and a need for vasopressors to maintain systolic blood pressure ≥ 90 mmHg 
or mean arterial pressure ≥ 70 mmHg.  
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Determinants of infection rates 

The prevalence of infection is defined as the number of infections divided by the total 
number of patients on the ward at the time of the survey. The incidence of infected 
patients is defined as the number of patients who developed infection divided by the total 
number of patients admitted to the ward during a determined period of time. The 
incidence of infections is defined as the number of infectious episodes divided by the 
total number of patients on the ward during a determined period of time. The incidence 
density of infection or infected patients is defined as the number of infectious episodes or 
infected patients per 1000 patient days, which is the way infection rates are expressed in 
many studies. 

Severity of illness scores 

The Acute Physiology and Chronic Health Evaluation (APACHE) II has been validated 
and used in ICU settings to classify the severity of illness for predicting mortality (Knaus 
et al. 1985) (table 20). It utilises the worst values of 12 physiological variables during the 
first 24 hours following ICU admission, along with an evaluation of the patient´s chronic 
health and admission diagnosis, to calculate the APACHE II predicted mortality. The 
scores can vary from 0 to 71 points. 

Table 21. Variables for APACHE II 

temperature 
mean arterial pressure 
heart rate 
respiratory rate 
oxygenation 
arterial pH 
sodium 
potassium 
creatinine 
hematocrit 
white blood cells 

Physiological variables (0–4 points/variable) 

Glasgow Coma Score 
Age (0–6 points)  

Liver 
Cardiovascular 
Respiratory 
Renal 

Chronic health points (for nonoperative or 
emergency postoperative: 5 points. for elective 
postoperative patients: 2 points) 

Immunocompromised 
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The Sequential Organ Failure Assessment (SOFA) score was developed to assess the 
severity of organ dysfunction in critically ill patients. It is composed of scores from six 
organ systems graded from 0 to 4 according to the degree of dysfunction. 
Variables for SOFA 

−  Respiration 
−  Coagulation 
−  Liver 
−  Cardiovascular 
−  Central nervous system 
−  Renal 

While it was primarily designed to describe morbidity, a correlation of the score with 
survival has also been reported (Pettila et al. 2002, Vincent et al. 1998).  

The Simplified Acute Physiology (SAPS II) score is made up of 17 variables: 12 
physiological variables, age, type of admission (scheduled surgical, unscheduled surgical 
or medical) and three variables related to the underlying disease: acquired 
immunodeficiency syndrome, metastatic cancer and hematologic malignancy. It provides 
an estimate of the risk of death without having to specify a primary diagnosis (Le Gall et 
al. 1993).  

The Therapeutic Intervention Scoring System (TISS) was developed to describe the 
intensity of care and the workload (Keene & Cullen 1983). It consists of 77 different 
interventions graded from 2 to 4 (including controlled ventilation 4 points, intubation 3 
points and two peripheral iv catheters 2 points) and is registered once a day. 
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