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Abstract 

Device-associated infections (DAIs) are a major threat in intensive care units (ICUs), being linked with excess fatality, 
prolonged hospitalization and costs. We conducted a  two-year prospective surveillance study (2022-2024) in three 
adult general ICUs n Athens to estimate the incidence of DAIs and their clinical impact, using CDC/NHSN case definitions. 
Among 500 eligible patients (>3 ICU days, 10,482 ICU patient-days in total), 268 (51,6%) developed 288 DAI episodes. 
The overall DAI incidence was 31.2 episodes per 1,000 ICU patient-days. Incidence by device was 19,2 per 1,000 
ventilator-days for ventilator-associated events (VAE), 7,2 per 1,000 central line-days for central line-associated 
bloodstream infection (CLABSI) and 3,6 per 1,000 urinary catheter-days for catheter-associated urinary tract infection 
(CAUTI). The most frequent pathogens were Klebsiella pneumoniae (36.2%) and Acinetobacter baumannii (26.5%); 
among tested Gram-negative isolates, carbapenem resistance was universal. ICU fatality was 41,1% in patients with 
DAIs versus 23,2% without DAIs. Median ICU lengths of stay was 30 days (IQR 20-44) in patients with DAIs versus 11 
days (IQR 8-19) in those without. The high burden of multidrug-resistant organisms and the excess fatality and length 
of stay support the urgent implementation of structured antimicrobial-resistance surveillance, antimicrobial-
stewardship and device-specific prevention bundles in Greek ICUs. 
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1. Introduction

Invasive devices - central venous catheters, endotracheal or tracheostomy tubes, and urinary catheters - are 
indispensable in modern critical care but substantially increase the risk of healthcare-associated infections IHAIs). [1] 
Among these, device-associated infections (DAIs) account for a large share of preventable harm in ICUs and are 
consistently associated with adverse outcomes and substantial resource use. [2] 

International bodies such as the World Health Organization and the U.S. Centers for Disease Control and Prevention 
(CDC) provide standardized case definitions and prevention bundles for DAIs. Despite the availability of effective
strategies, DAI rates remain high in settings facing resource constraints and heavy antimicrobial pressure. [3] Greece
has long reported some of the highest HAI prevalence and antimicrobial resistance (AMR) levels in Europe, with ICU
patients being disproportionately affected.[4,5]

The Covid-19 pandemic further disrupted infection prevention, contributing to increases in certain HAIs in many 
countries.[6] Greece ranks first among European countries in the prevalence of healthcare-associated infections and 
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reports some of the highest antimicrobial resistance (AMR) rates in Europe for specific bacterial strains. AMR rates in 
the country have increased compared with pre-COVID-19 years. According to the CDC, the COVID-19 pandemic 
adversely affected the incidence of HAIs, with notable increases in CLABSIs, VAEs, and CAUTIs during 2020. Similarly, 
findings from the International Nosocomial Infection Control Consortium (INICC) revealed substantial increases in 
overall fatality, length of stay, and rates of CLABSI and VAE in ICUs of low- and middle-income countries. [7,8] 

In the United States, approximately 250,000 CLABSIs occur annually, resulting in about 28,000 ICU deaths and costing 
up to 2.3 billion dollars per year. A study conducted in four European countries found that the additional length of stay 
per CLABSI episode ranged from 4 to 14 days, with additional costs ranging from €4,200 to €13,030. For VAEs, 
attributable mortality has been estimated between 7% and 30%, and additional costs between €3,227 and $6,775 per 
case. For CAUTIs, fatality ranges from 3% to 28%, length of stay increases by 0.5 to 2.5 days, and costs range from $876 
to $10,197 per episode. [9,10] 

This study prospectively evaluated the incidence of VAEs, CLABSIs and CAUTIs and their clinical impact in three adult 
ICUs in Athens, and describes the microbiology and resistance patterns of causative organisms. 

2. Materials and Methods 

2.1. Study Design 

We carried out a prospective, active surveillance study in three adult general ICUs ofa tertiary hospital in Athens, Greece 
(nurse‑to‑patient ratio approximately 1:4) from 2022 to 2024. All consecutive adults hospitalized for more than 2 days 
were eligible; patients staying ≤2 days were excluded. Routine laboratory monitoring was performed, and 
microbiological sampling was obtained as clinically indicated. Patients were followed from ICU admission to discharge 
or death. 

2.2. Incidence and Impact of Device-Associated Infections 

DAIs were identified using the CDC/NHSN Patient Safety Component protocols: ventilator‑associated events (VAE: VAC, 
IVAC, possible VAP), central line–associated bloodstream infection (CLABSI), and catheter‑associated urinary tract 
infection (CAUTI). Incidence densities were calculated as episodes per 1,000 ICU patient‑days (overall) and per 1,000 
device‑days for each device. Device utilization was defined as device‑days divided by ICU patient‑days multiplied by 
100. 

Throughout the surveillance period, the incidence rate of device-associated infections (DAIs) was calculated. The 
incidence of VAEs was determined by dividing the number of VAEs by the number of ventilator-days and multiplying 
by 1,000. Similarly, CLABSI incidence was calculated based on central venous catheter-days, and CAUTI incidence based 
on urinary catheter-days. DAI rates were expressed as episodes per 1,000 device-days. [11,12] 

The device utilization ratio was calculated by dividing the number of device-days for each device (mechanical ventilator, 
central venous catheter, urinary catheter) by the total ICU patient-days and multiplying by 100. Device-days 
represented the total days of exposure to each device for all patients during the surveillance period, while ICU 
patient-days represented the total ICU hospitalization days for all patients. [12,13] 

To assess attributable mortality and length of stay, comparisons were made between patients with DAIs and those who 
were admitted without healthcare-associated infections (HCAIs) and did not acquire DAIs during their ICU stay. Crude 
excess fatality was defined as the difference in mortality between patients with and without DAIs. Similarly, crude 
excess length of stay was defined as the difference in mean ICU length of stay between the two groups. [14] 

2.3. Statistical Analysis 

DAIs were identified using the CDC/NHSN Patient Safety Component protocols: ventilator‑associated events (VAE: VAC, 
IVAC, possible VAP), central line–associated bloodstream infection (CLABSI), and catheter‑associated urinary tract 
infection (CAUTI). Incidence densities were calculated as episodes per 1,000 ICU patient‑days (overall) and per 1,000 
device‑days for each device. Device utilization was defined as device‑days divided by ICU patient‑days multiplied by 
100. 
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3. Results 

A total of 500 patients contributed 10,482 ICU patient-days. Overall, 268/500 patients (51,6%) developed 288 DAI 
episodes: 182 patients had one episode, 57 had two, and 29 had three. Compared with patients without DAIs (n=232), 
those with DAIs were more often medical admissions and had higher APACHE II scores on ICU admission. Duration of 
mechanical ventilation, central venous catheterization, urinary catheterization, and days on antimicrobials were 
significantly longer in patients with DAIs.  

The overall DAI incidence density was 31.2 per 1,000 ICU patient-days. By device, the incidence was 19.2 per 1,000 
ventilator-days for VAEs, 7.2 per 1,000 central line-days for CLABSIs, and 3.6 per 1,000 urinary catheter-days for 
CAUTIs. 

Table 1 Baseline Clinical Characteristics and Exposure Variables Associated With DAIS 

 All (n=500) DAIS (268) No DAIS (232) Pvalue 

Male sex, n (%) 298 (59.6) 172 (64.2) 126 (54.3) 0,101 

Admission category, n (%)     

Medical 295 (59) 162 (60.4) 133 (57.3) 0,002 

Surgical 199 (39.8) 87 (32.5) 112 (48.3)  

Reason for ICU admission, n (%)     

Infection 116 (23.2) 65 (24.3) 51 (22) 0,021 

Post operative monitoring 87 (17.4) 64 (23.9) 23 (9.9) 0,001 

Neurological disease 80 (16) 42 (15.7) 38  (16.4) 0,688 

Pulmonary disease 76 (15.2) 52 (19.4) 24 (10.3) 0,662 

Cardiovascular disease 36 (7.2) 20 (7.5) 16 (6.9) 0,490 

Trauma  87 (17.4) 56 (20.9) 31 (13.4) 0,112 

Other (poisoning,burn) 15 (3) 7(2.6) 8(3.4) 1,000 

 All  DAIS No DAIS Pvalue 

Invasive procedures, n(%)     

Central venous catheter 500 (100) 268 (100) 232(100) NA 

Urinary catheter 500 (100) 268 (100) 232 (100) NA 

Endotracheal tube 500 (100) 268 (100) 232 (100) NA 

Tracheostomy  181 (36.2) 132 (49.3) 49 (21.1) 0.001 

Tune thoracostomy 39 (7.8) 23 (8.6) 16 (6.9) 0,739 

Days in ICU 19 (9-33) 30 (20-44) 11 (8-19) 0.001 

Days of mechanical ventilation 15 (7-27) 25 (16-37) 9 (5-16) 0.001 

Days with central line 20 (10-33) 31 (19-45,1) 12 (7-19) 0.001 

Days with urinary catheter 20 (10-33) 31 (19-44,2) 12 (7-19) 0.001 

Days with antibiotics 18 (9-30) 29 (16-41) 10 (7-16) 0.001 

Device utilization ratios were high: mechanical ventilation 75,2%, central venous catheters 96,4%, and urinary 
catheters 100%. Among 206 VAE episodes, 50,6% were ventilator-associated conditions (VAC), 29,7% infection-related 
vantilator-associated complications (IVAC), and 19,7% possible VAP (PVAP). 
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The median time from device initiation to infection onset was 8 days for VAEs (IQR: 4–14), 8 days for CLABSIs (IQR: 5–
10), 11 days for CAUTIs (IQR: 5–15).  

Poly-microbial infections accounted for 17.6% of all DAIs. The most frequently isolated organisms were Acinetobacter 
baumannii (26.5%), Klebsiella pneumoniae (36.2%) and Pseudomonas aeruginosa (18.2%). 

Klebsiella pneumoniae was the most common pathogen in VAE and CLABSI cases (48.2%), whereas Acinetobacter 
baumannii predominated in CAUTIs (46.2%). Among tested Gram-negative isolates, carbapenem resistance was 100%. 

Table 2 ICU Device Utilization and Burden of Device-Associated Infections 

Type of DAI No of Bed Days Device Days Device Utilization Ratio No of Infections DAI Rates 

VAEs 12.524 10.121 80.8% 206 20.4 

VACs 12.524 10.121 80.8% 104 10.3 

IVACs 12.524 10.121 80.8% 65 6.4 

PVAPs 12.524 10.121 80.8% 37 3.7 

CLABSIs 12.524 12.516 100% 112 8.9 

CAUTIs 12.524 12.524 100% 32 2.6 

ICU fatality was 41.2% in patients with DAIs compared with 23.2% in those without. Median ICU length of stay was 30 
days (IQR 20-44) for patients with DAIs versus 11 days (IQR 8-19) without. 

Table 3 Fatality by DAI Type 

Type of DAI Mp of Deaths Fatality  Crude Extra Fatality  Pvalue 

None  59 23.2 - - 

DAIs 116 41.1 17.9 0,001 

VAEs 95 44.1 20.9 0.001 

CLABSIs 52 46.0 22.8 0.012 

CAUTIs 16 45.7 22.5 0.242 

VAEs and CLABSIs 32 50 26.8 0.012 

VAEs and CAUTIs 12 46.2 23.0 0.186 

CLABSIs and CAUTIs 8 42.1 18.9 0,576 

VAEs, CLABSIs and CAUTIs 4 36.4 13.2 1.000 

4. Discussion 

In the point-prevalence study of healthcare-associated infections (HAIs) and antibiotic use conducted during 2022–
2023, the prevalence of HAIs reached 12.1%, whereas the corresponding value in the 2016–2017 survey was 10.0%. 
[15,36] Antibiotic consumption in 2022–2023 remained comparable to 2016–2017 (55.4%) but was significantly higher 
than the European average. Greece has consistently ranked among the highest in Europe. [37] In 2011–2012, the crude 
European prevalence was 6.0% (range: 2.3%–10.8%), with Greece in 4th place, whereas in 2016–2017, the European 
prevalence was 5.9% (range: 2.9%–10.0%), with Greece ranking first. [16,17] During 2022–2023, the prevalence of 
infections in Greece ranged between 10% and 12% during hospitalization, while the European average was 
approximately 5–6%. In a sample of 9,707 hospitalized patients in Greece, 1,175 had at least one HAI (12.1% 
prevalence). [16,37] 
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For the period 2023–2024, the available DAI data from ICUs in Greece indicate a very high incidence compared to 
Europe (27.4 infections per 1,000 patient-days) and a significant increase in ICU mortality and length of stay (44.9%). 
[35] 

The highest prevalence of HAIs was recorded among ICU patients, where 45.7% of hospitalized individuals developed 
at least one infection. More than half of all hospitalized patients (55.4%) received at least one antimicrobial agent. These 
proportions have remained relatively stable compared with previous prevalence studies but remain significantly higher 
than the European average. Greece ranked first in Europe in both preceding point-prevalence surveys. [18,19] 

The mean incidence of central line–associated bloodstream infections (CLABSIs) in Greece is 6.4 per 1,000 
catheter-days, a rate substantially higher than international benchmarks. The risk of CLABSI increases significantly with 
longer catheter duration. Antimicrobial resistance (AMR) rates are generally higher among bacterial isolates recovered 
from ICU patients compared with those from general wards. [20,21] 

4.1. Antimicrobial Resistance Trends 

4.1.1. Klebsiella pneumoniae 

Among K. pneumoniae isolates from ICU patients during 2018–2021, resistance rates increased over time 
third-generation cephalosporins: from 79.5% (2018) to 88.6% (2021), aminoglycosides: from 62.4% to 72.8%, 
carbapenems: from 75.5% to 84%, fluoroquinolones: from 81.2% to 89.6%. [22,23] 

Resistance among Pseudomonas aeruginosa isolates has shown a slightly increasing trend in general wards, while ICU 
rates remained stable. An exception is aminoglycoside resistance in ICU isolates, which declined considerably from 
33.5% (2018–2019) to 28.2% (2020) and 23.5% (2021). [24]  

Resistance levels of Acinetobacter baumannii recovered from ICUs and wards during 2018–2021 consistently exceeded 
85%, with the highest values observed in 2020 and 2021. [26] 

4.2. Interpretation of Current Findings 

Our study highlights the significant burden of device-associated infections (DAIs) in Greek ICUs, with nearly half of ICU 
patients developing at least one DAI and an incidence rate of 27.4 episodes per 1,000 ICU patient-days. According to the 
2022–2023 European Centre for Disease Prevention and Control (ECDC) point-prevalence survey, the incidence of HAIs 
in European ICUs was 20.5%, a value lower than that observed in our study but comparable to the 45.7% reported in 
Greek ICUs. Our incidence values differ from two earlier Greek studies reporting 18.3 and 34.1 DAI episodes per 1,000 
ICU patient-days.  

The DAI incidence observed in our study was notably higher than that reported in Cyprus (19 per 1,000 ICU 
patient-days), the United States (0.9–4.4 episodes), and the INICC reports from 45 countries (9.0–10.1 episodes). 
Factors contributing to these differences may include the country’s socioeconomic context, absence of a national 
surveillance system, limited resources for infection prevention, and low adherence to prevention measures. [25] 

The device utilization ratio is a critical indicator when combined with DAI measurement, as it reflects exposure risk. In 
our study, device utilization was high: 75.2% for mechanical ventilation, 96.4% for central venous catheters, and 100% 
for urinary catheters—figures substantially higher than those reported by NHSN and INICC. Increased device usage is 
associated with higher colonization risk by multidrug-resistant organisms (MDROs). [27] 

Previous studies indicate that the most important risk factors for acquiring MDROs include prior antibiotic use, ICU 
hospitalization, and the presence of invasive devices. Measuring colonization risk is essential for developing targeted 
infection-control strategies. [28,29] 

4.3. Common Pathogens and Resistance Patterns 

The predominant pathogens in the three ICUs were Acinetobacter baumannii and Klebsiella pneumoniae, consistent with 
findings from systematic reviews. European studies indicate increasing carbapenem resistance among these organisms. 
Greece remains among the countries with the highest AMR levels. [29,30] 

Carbapenem resistance in Greece is approximately Pseudomonas aeruginosa: 61.5%, Klebsiella pneumoniae: 81% and 
Acinetobacter baumannii: ~90%. 
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Another Greek study reported resistance rates of 98% for A. baumannii, 75% for K. pneumoniae, and 46% for P. 
aeruginosa. In our study, resistance reached 100%, underscoring the endemic nature of AMR in Greek ICUs. [30,31,37] 

High resistance rates are attributed to inadequate antimicrobial stewardship (AMS). In the 2022–2023 ECDC 
point-prevalence survey, Greece had the highest antimicrobial use in Europe: 55.3% of hospitalized patients received 
at least one antimicrobial, with an average of 1.67 antibiotics per patient, and 90% of antimicrobials administered 
parenterally. [33,37] 

Carbapenems are frequently used in empirical treatment of non-severe infections, limiting therapeutic options. National 
legislation mandates the presence of infectious-disease specialists and AMS committees in hospitals, but staffing 
variability and limited dedicated time undermine their effectiveness. [31,32] 

4.4. Impact of DAIs on Outcomes 

Our findings demonstrate that the development of a DAI nearly doubles mortality, while multiple DAIs increase crude 
excess mortality beyond 25%. ICU length of stay increases twofold for patients with one DAI and may triple or quadruple 
for those with multiple DAIs. [34] 

Low nurse-to-patient ratios remain a major barrier to effective infection prevention. In the three ICUs studied, the ratio 
was 1:3. Although several risk factors contribute to DAI acquisition, insufficient staffing likely impedes optimal 
infection-control practices. [4] 

The high crude mortality attributable to DAIs underscores the importance of active surveillance, early identification of 
high-risk patients, detection of gaps in infection-control practices, continuous staff training, and targeted 
quality-improvement interventions. [35] 

Abbreviations 

• ICU : Intensive Care Unit 
• DAIs : Device - Associated Infections 
• CDC/NHSN : Centers for Disease Control and Prevention/National Healthcare Safety Network 
• VAE : Ventilator - Associated Events 
• CLABSI: Central Line - Associated Bloodstream Infection 
• CAUTI : Catheter - Associated Urinary Tract Infection 
• AMR : Antimicrobial Resistance 
• VAC : Ventilator-Associated Condition 
• IVAC: Infection-Related Ventilator-Associated Complication 
• PVAP: Possible Ventilator-Associated Pneumonia 

5. Conclusions 

This study documents a heavy burden of device‑associated infections in Greek ICUs, driven by high device exposure and 
endemic multidrug resistance. Implementing comprehensive prevention bundles, antimicrobial stewardship, and 
continuous monitoring should be prioritized to reduce DAIs, improve outcomes, and optimize resource use. 

The findings of this study highlight the critical importance of monitoring device-associated infections (DAIs) in ICU 
patients. The increased DAI incidence, the extensive use of invasive devices, and the high levels of antimicrobial 
resistance among isolated pathogens underscore the need for implementing comprehensive infection-control 
strategies.  

Active surveillance of antimicrobial resistance, together with the implementation of antimicrobial stewardship (AMS) 
programs and structured care bundles for ventilators, central venous catheters, and urinary catheters, is essential for 
reducing the risk of DAIs.  

Staff education, internal audits, continuous feedback, and initiatives that promote a culture of safety—emphasizing 
hand hygiene, minimizing device use, and applying antibiotic-rotation strategies—can effectively reduce the impact of 
DAIs and enhance patient safety and quality of care in the ICU. 
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