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Abstract: Introduction: Catheter-related infections (CBRSIs) are a widespread problem that increase
morbidity and mortality in intensive care unit (ICU) patients and management costs. Objective: The
main aim of this study was to assess the prevalence of CBRSIs in an intensive care unit following in-
ternational literature guidelines for managing vascular lines in critically ill patients. These guidelines
include changing vascular lines every 7 days, using needle-free devices and port protectors, standard-
ising closed infusion lines, employing chlorhexidine-impregnated dressings, and utilising sutureless
devices for catheter securement. Materials and Methods: This single-centre retrospective observa-
tional study was conducted in a general Italian ICU. This study included all eligible patients aged
> 1 year who were admitted between January 2018 and December 2022. Results: During the study
period, 1240 patients were enrolled, of whom 9 were diagnosed with a CRBSI. The infection rate per
1000 catheters/day was as follows: femorally inserted central catheter, 1.04; centrally inserted central
catheter, 0.77; pulmonary arterial catheter 0.71, arterial catheter, 0.1; and peripherally inserted central
catheter and continuous veno-venous haemodialysis dialysis catheters equal to 0. No difference in
CRBSI was observed between the years included in the study (p = 0.874). The multivariate analysis
showed an association between the diagnosis of CBRSI and Nursing Activities Score (per single point
increase β = 0.04–95%CI: −0.01–0.09, p = 0.048), reason for ICU admission—trauma (β = 0.77–95%CI:
−0.03–1.49, p = 0.039), and use of therapeutic hypothermia (β = 2.06, 95%CI: 0.51–3.20, p < 0.001).
Implementing the study protocol revealed a cost of EUR 130.00/patient, equivalent to a daily cost
of EUR 15.20 per patient. Conclusions: This study highlights the importance of implementing a
catheter care bundle to minimise the risk of CRBSI and the associated costs in the ICU setting. A
policy change for infusion set replacement every 7 days has helped to maintain the CRBSI rate below
the recommended rate, resulting in significant cost reduction and reduced production of ICU waste

Keywords: CRBSI; infection prevention; bundle; port protector; needle-free; CLABSI

1. Introduction

Catheter-related bloodstream infections (CRBSIs) represent a significant and persistent
challenge in intensive care units (ICUs) worldwide [1–3]. These infections are the leading
cause of illness and fatality among critically ill patients, often resulting in extended hospital
stays, increased healthcare expenses, and considerable patient suffering [1]. The occurrence
of CRBSIs involves colonisation of both the internal and external surfaces of catheters by
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microorganisms, which results in the spread of these pathogens throughout the blood-
stream [2,4]. Despite advancements in infection control practices and catheter technology,
CRBSIs continue to pose a significant threat to the ICU environment, necessitating constant
vigilance and innovative preventive measures [1].

The use of intravascular catheters (arterial and/or venous) is ubiquitous in ICUs,
where patients frequently require intensive monitoring and support, including the admin-
istration of vasoactive drugs, medications, fluids, blood products, and parenteral nutrition.
Centrally inserted central catheters (CICCs), peripherally inserted central catheters (PICCs),
pulmonary artery catheters (PACs), continuous veno-venous haemofiltration (CVVH)
catheters, and radial or femoral artery catheters are important resources for treating criti-
cally ill patients [5–7]. These vascular catheters provide consistent and reliable monitoring
and access for delivery of life-saving therapies. The continued use of these devices under-
mines the integrity of the skin, which serves as the body’s main defence against infection,
thereby providing a gateway for pathogens to enter. Pathogens primarily linked to CRBSIs
comprise mainly Gram-positive bacteria, including coagulase-negative staphylococci and
Staphylococcus aureus, as well as Gram-negative bacteria and fungi, particularly Candida
species [3,8,9]. The origins of these pathogens are diverse and can stem from the patient’s
skin bacteria, catheter hub contamination, and the hands of healthcare workers. The chance
of acquiring CRBSIs depends on several factors including the type of catheter used, du-
ration for which the catheter is left in place, location of the exit site, and the patient’s
general health condition [1,3,9]. The prevention of CRBSIs is a multifaceted challenge that
involves stringent adherence to aseptic techniques during catheter insertion and mainte-
nance, use of antimicrobial-impregnated catheters, and implementation of evidence-based
care bundles [1,9]. Bundles of care, which comprise evidence-based practices that have
been proven to enhance patient outcomes when used together, are essential for reducing
the prevalence of CRBSIs [10,11]. These bundles are generally divided into two areas: bun-
dles for device placement (e.g., maximal sterile barrier precautions during central venous
catheter insertion, use of a 2% chlorhexidine (CHG) preparation for skin antisepsis, use
of sutureless devices for catheter securement, use of polyurethane transparent dressing
for exit site protection, selection of the optimal emergency site, tunnelling of the catheter
when necessary [12–15], no routine replacement of central venous catheters for prevention
of infection, use of a 2% chlorhexidine wash for daily skin cleansing), and bundles for
daily management of infusion and monitoring systems (e.g., dressing change and line
replacement every 7 days, application of chlorhexidine-impregnated dressing, employment
of needle-free connectors, utilisation of port protectors, implementation of standardised,
non-modifiable hub) [1,9]. Despite the implementation of established protocols to prevent
CRBSIs, the infection rates continue to vary among ICUs. When the risk was expressed
as CRBSIs per 1000 intravascular devices rates, the highest rates in ICU patients occurred
with CVVH catheters (4.8), PACs (3.7), non-medicated CICCs (2.7), arterial catheters for
haemodynamic monitoring (1.7), medicated-chlorhexidine-silver-sulfadiazine CICCs (1.6),
and PICCs (1.1) [2]. Recently, several studies have revealed a significant increase in the
occurrence of CRBSIs during the COVID-19 pandemic [6,7,16]. The frequency of these
infections tripled during the study period. A variety of factors have contributed to this
increase, including the increased workload for nurses and patients receiving large doses of
steroids, the increased use of non-tunnelled femoral catheters for central line availability, or
CVVH procedures [17–19], most of whom were positioned in a prone position. The use of
this position poses challenges for both the insertion and care of endovascular catheters [20].
CRBSIs not only have a profound impact on health, but also on the economy. The expenses
incurred are not limited to the extended duration of ICU stay and additional treatments are
needed to manage infections [1,3]. They also encompass broader repercussions including
increased sickness and fatality rates.

The aim of this study was to investigate the prevalence of CRBSIs in a cohort of
critically ill patients admitted to a general intensive care unit in Italy over a 5-year period.
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The secondary aim was to determine the cost per day of implementing a specialised care
bundle for daily management of vascular lines.

2. Materials and Methods
2.1. Study Design and Setting

A retrospective analysis was conducted at an Italian Extracorporeal Membrane Oxy-
genation centre to determine the occurrence and features of CRBSIs in patients admitted
between 1 January 2018 and 31 December 2022. In the preceding period, from 2014 to
2017, the incidence of CRBSI in the ICU for all types of vascular catheters (CICCs, FICCs,
PACs, CVVHs, and arterial catheters) was 0.53 per 1000 catheter days. A total of 16 cases
of CRBSI were reported out of 29,980 catheter days. Before the COVID-19 pandemic, the
intensive care unit (ICU) had a capacity of ten beds. During the initial COVID-19 wave,
from February to May 2020, the number of ICU beds increased to 21, and during the second
wave, from 20 October to 21 January the number of beds increased to 19. During the study
period, the nurse-to-patient ratio was in the following range: 0.5 (COVID-19 pandemic
waves) to 0.6 (before and after pandemic). The hospital has a structured surveillance
program for the correct hand hygiene application, managed by the infection prevention
office, with monthly assessments. During the study period, the compliance of ICU opera-
tors was found to be consistently above the minimum recommended level by the Word
Health Organization (>75%). During the COVID period (February 2020–December 2021),
assessments were conducted on a quarterly basis. This study was conducted in accor-
dance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

2.2. Inclusion Criteria

All eligible patients, aged > 1 year, with complete electronic medical records containing
information about one of the following devices during the study period were included in
the analysis—CICC, PICC, PAC, CVVH catheter, femoral inserted central catheter (FICC),
and arterial catheters for haemodynamic monitoring. Patients with missing or incomplete
data on CRBSIs and vascular access management were excluded from this study. Patients
who were admitted to the intensive care unit for monitoring after elective surgery and
managed in a dedicated room with an ICU stay of less than 24 h were excluded from
the study.

2.3. Protocol

The CICC and FICC implanted during the study period were coated with chlorhexi-
dine silver-sulfadiazine [1]. The following recommendations were adopted for all enrolled
patients during the study period.

Before catheter insertion: daily bathing in patients aged > 6 months with chlorhexidine
4% preparation [1,3,9].

During catheter insertion, hand hygiene prior to catheter insertion or manipulation,
an all-inclusive catheter kit, ultrasound guidance for catheter insertion, maximum sterile
barrier precautions during catheter insertion, and 70% isopropyl alcohol chlorhexidine (2%)
were used for skin preparation [1,3].

After catheter insertion, chlorhexidine-containing dressings for all managed catheters
in patients over 6 months of age, dressing replacement, and site care with a chlorhexidine-
based antiseptic at least every 7 days, or immediately if the dressing is soiled, loose, or
damp, use of closed infusion line with neutral needle-free connectors (pre-assembled
standardised hubs), use of port protectors (disposable passive disinfection device con-
taining 70% isopropyl alcohol), routine replacement of administration sets not used for
blood, blood products, or lipid formulations every 7 days; double securement of all vas-
cular catheters with two sutureless devices; linear 250 cm syringe pump extension with
needle-free connector on the syringe side [1,4,21–25].
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Daily compilation of a specific form in the clinical computer system with reminders
for the points specified in the bundle. Monthly verification of device usage through the
hospital consumption monitoring system.

Figures 1 and 2 illustrate examples of the strategies applied in the management of the
infusion line during the study period.
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2.4. Data Collection

Electronic medical records were retrospectively examined to collect the following data:
CRBSI diagnosis, catheter characteristics, daily management of the vascular line, and demo-
graphic information. All parameters were recorded using Drager Medical Innovian Suite
patient management system software (Innovian Medical Suite© Drager Medical—version
VF 7.0.1, Lubeck, Germany). In accordance with current guidelines, CRBSIs have been
assessed based on paired blood cultures considering the differential time to positivity > 2 h
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or, in cases of persistent withdrawal occlusion, based on the positive culture of the catheter
tip after removal [23,26]. Diagnostic procedures for identifying CRBSI are initiated when
clinical signs of infection are present or suspected by clinicians. Two sets of blood cultures,
each containing at least 20 mL of blood, were collected—one from a peripheral vein and
one from the catheter after the removal of the needle-free connector placed on the catheter
lumen. If there were local signs of infection, the catheter was immediately removed and
replaced at another site if the patient’s clinical needs required it. If there were no local signs
of infection, no haemodynamic instability (drop in systolic blood pressure and/or need
for catecholamines), and no signs of acute sepsis with a significant rise in temperature, the
catheter was left in place, and antibiotic therapy was evaluated. If the preliminary report
(within 24–48 h) of the blood culture was positive, the catheter was removed and replaced
at a different site. If the preliminary report was negative, the final result was awaited. If the
final result was positive, the catheter was removed and replaced at a different site.

2.5. Data Analysis

Shapiro–Wilk’s test and visual inspection were used to test for normality of distri-
bution. Categorical variables are presented as counts (proportions), whereas continuous
variables are expressed as means (standard deviations). CRBSI rates were expressed as
the number of infections per 1000 catheter days, according to the recommendations of the
Centers for Disease Control and Prevention. Categorical variables were compared between
the two groups (patients with and without CRBSIs) using either Pearson’s chi-squared test
or Fisher’s exact test, as appropriate [3]. Multivariate analysis was conducted to determine
the independent association between CRBSI diagnosis and investigated factors. The results
are reported as estimates with 95% confidence intervals (CI) and corresponding p-values.
Statistical significance was set at p < 0.05. Statistical analysis was performed using the JMP
15.2 software (SAS Institute, Cary, NC, USA).

2.6. Ethics

Data were collected in a retrospective study (OVASC 2—ID 4024\_S\_M) approved by
the local ethics committee (Comitato Etico Territoriale Lombardia 3) on 13 December 2023.

3. Results

During the study period, 1631 patients were admitted to the ICU. A total of 384
elective postoperative patients were excluded from this study. Data were not available for
seven patients. A total of 1240 patients met all the inclusion criteria and were included in
the study. The mean age was 57.42 years (±19.80), 448 (36%) were female and the mean
ICU length of stay was 9.01 days (±12.35). In total, 1092 patients (88%) survived and
were discharged from the ICU. CRBSI was diagnosed in nine patients using 10 different
vascular catheters. The demographic and clinical characteristics of the enrolled patients are
presented in Table 1.
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Table 1. Demographic characteristics of enrolled patients. Legend: ICU: intensive care unit; SAPS II:
Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; ECMO: Extracorpo-
real Membrane Oxygenation.

All Patients
n = 1240

No CRSBI Group
n = 1231 (99%)

CRBSI Group
n = 9 (1%) p Value

Gender—female 448 (36%) 445 (36%) 3 (33%) 0.861
Age—years 57.42 (±19.8) 57.48 (±19.78) 48.67 (±20.82) 0.193
Weight—Kg 75.43 (±23.83) 75.44 (±23.87) 74.44 (±18.45) 0.909
Body mass index 30.57 (±40.48) 30.61 (±40.63) 26.09 (±5.39) 0.749
Length of ICU stay—days 9.01 (±12.35) 8.92 (±12.33) 21.11 (±8.07) <0.001
SAPS II Score 31.43 (±15.03) 31.37 (±15.03) 44.33 (±6.43) 0.148
SOFA Score 4.74 (±3.58) 4.73 (±3.58) 7.33 (±1.15) 0.221
COVID-19 324 (26%) 320 (26%) 4 (44%) 0.088
Trauma 146 (12%) 143 (12%) 3 (33%) 0.044
Mechanical ventilation 988 (80%) 966 (78%) 9 (100%) 0.041
Non-invasive ventilation 193 (16%) 192 (16%) 1 (11%) 0.702
Tracheostomy tube 98 (8%) 97 (8%) 1 (11%) 0.782
Prone position 74 (6%) 72 (6%) 2 (22%) 0.118
ECMO 82 (7%) 81 (7%) 1 (11%) 0.593
Vasoactive drug infusion 627 (51%) 621 (50%) 6 (66%) 0.348
Days with vasoactive drug infusion 3.75 (±8.26) 3.71 (±8.26) 8.22 (±7.58) 0.138
Therapeutic hypothermia 6 (0.5%) 5 (0.4%) 1 (11%) <0.001
Dialisys 66 (5%) 66 (5%) 0 (%) 0.472
Total parenteral nutrition—yes 121 (10%) 120 (10%) 1 (11%) 0.901
ICU survival 1092 (88%) 1084 (88%) 8 (89%) 0.930
Nursing Activities Score (ICU stay) 71.01 (±15.17) 70.91 (±15.16) 83.19 (±11.83) 0.013

Statistically significant differences between patients were found for the following parameters: length of ICU stay
(8.92 ± 12.33 in the no CRBSI group vs. 21.11 ± 8.07 in the CRBSI group; p < 0.001), admission for trauma (12% vs.
33%, p = 0.044), use of mechanical ventilation (78% vs. 100%, p = 0.041), use of therapeutic hypothermia (0.004%
vs. 11%, p < 0.001), and mean Nursing Activities Score (70.91 ± 15.16% vs. 83.19 ± 11.83%, p = 0.013).

The logistic model (Degree of Freedom: 5, chi-square: 17.560—p = 0.004) showed
an association between the diagnosis of CBRSI and Nursing Activities Score (per single
point increase β = 0.04, 95%CI: −0.01–0.09, p = 0.048), reason for ICU admission—trauma
(β = 0.77, 95%CI: −0.03–1.49, p = 0.039), and use of therapeutic hypothermia (β = 2.06,
95%CI: 0.51–3.20, p < 0.001). There was no association between the diagnosis of CRBSI and
other variables such as the use of mechanical ventilation (p = 0.997) and length of ICU stay
(p = 0.074).

Table 2 presents the pathogens detected in the nine patients with confirmed CRBSI,
along with the affected catheters.
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Table 2. Pathogens responsible for CRBSI in the 5 years covered by the study. Legend: CICC: centrally inserted central catheters; FICC: femorally inserted central
catheters; PAC: pulmonary artery catheters.

Patient Year Alive ECMO COVID-19 Catheter
Type—1 Pathogen Catheter

Type—2 Pathogen Antibiotic Therapy
(all ICU Stay)

Time in ICU
before CRBSI

Time in ICU
after CRBSI

1 2018 Yes Yes No CICC
Escherichia coli

Extended Spectrum
Beta-Lactamase

(ESBL)
PAC Staphylococcus

hominis

Linezolid
Meropenem

Amikacin
Levofloxacin
Ciprofloxacin

Tazobactam/piperacillin

19 7

2 2018 No No No CICC Enterococcus
faecium

Linezolid
Amphotericin B

Meropenem
Acyclovir

12 5

3 2020 Yes No No FICC Bacillus cereus
Tazobactam/piperacillin

Metronidazole
Daptomicina

9

4 2020 Yes No Yes CICC Enterococcus
faecalis

Anidulafungin
Micafungin
Meropenem

Linezolid
Tazobactam/piperacillin

5 16

5 2021 Yes No Yes CICC Burulderia

Meropenem
Linezolid

Tazobactam/piperacillin
Levofloxacin

15 20

6 2021 Yes No No CICC Stenotrophomonas
maltophilia

Tazobactam/piperacillin
Cefazolin

Gentamicin
4 21

7 2021 Yes No Yes CICC Candida albicans
Levofloxacin

Tazobactam/piperacillin
Metronidazole

7 11

8 2022 Yes No Yes Arterial
catheter

Morganella
morganii

Ampicillin
Daptomycin
Tigecycline

11 8

9 2022 Yes No No CICC Klebsiella oxytoca Tazobactam/piperacillin
Amoxicillin/clavulanic acid 7 6

No statistical difference in the incidence of CRBSI was observed among the years included in the study (p = 0.874). During the study period, 3128 catheters were implanted, resulting in a
total catheter exposure of 24.776 days. The overall incidence of CRBSI in the enrolled population was 0.4 per 1000 catheter days. As reported in Table 3, the incidence of CRBSI per 1000
catheter days was equal to zero for PICC and CVVH catheters, 0.1 for arterial catheters, 0.71 PAC, 0.77 for CICC, and 1.04 FICC. Regarding CICC and FICC, it was found that out of the
1229 catheters used in the study period, 467 (38%) were five-lumen catheters, 246 (20%) four-lumen catheters, 246 (20%) three-lumen catheters, 111 (9%) two-lumen catheters, 80 (6%)
seven-lumen catheters, and 80 (6%) were a single-lumen catheter.
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Table 3. CRBSI infection rate per all catheters used in the study period. Legend: femorally inserted
central catheter (FICC); centrally inserted central catheter (CICC); pulmonary artery catheter (PAC);
peripherally inserted central catheter (PICC); continuous veno-venous haemofiltration (CVVH).

n (%) Mean (SD) Catheter Days
Placement

Cumlative
Catheter Days Confirmed CRBSI Incidence CRBSI/1000

Cath. Days

FICC 261 (21%) 4 (±4) 965 1 1.04
CICC 968 (78%) 9 (±11) 9053 7 0.77
PAC 145 (12%) 10 (±8) 1417 1 0.71

Arterial catheter 1204 (97%) 8 (±10) 9747 1 0.10
PICC 362 (29%) 5 (±7) 1920 0 0

CVVH catheter 188 (15%) 9 (±11) 1674 0 0

The total cost of all devices (excluding catheter cost) used for managing vascular lines
following catheter implantation was EUR 279,104.00, resulting in a cost of EUR 130.00,
equivalent to a daily cost of EUR 15.20 per patient. A summary of the devices used in this
study is provided in Table 4.

Table 4. Medical devices used during the study.

Disposable Medical Device Number of Devices Used Price EUR Total Cost EUR

Neutral needle-free connector (Microclave© ICU medical) 23,100 0.34 7952.46
Antireflux needle-free connector (Neutron© ICU medical) 830 2.34 1942.20
Extension Line with Injection Ports (ICU Medical) 5350 1.94 10,393.03
Manifold with 3 needle-free connectors (ICU Medical) 4500 5.55 24,971.31
Manifold with 5 needle-free connectors (ICU Medical) 3840 6.75 25,904.26
Stopcock with 2 needle-free connectors (ICU Medical) 11,225 0.20 2300.20
Clear 3 mL Applicator with Sterile Solution (BD ChloraPrep™) 8910 1.03 9202.13
CHG-gel dressings (Tegaderm CHG—3M) 10,020 6.44 64,555.08
Port protector for needle-free connectors (Curos—3M) 125,000 0.21 26,639.34
Port protector for male connectors (Curos—3M) 10,200 0.21 2173.77
Sutureless securement (small)—(Grip-lock Vygon) 2310 0.20 454.43
Sutureless securement (large)—(Grip-lock Vygon) 2980 0.23 683.93
Extension Sets 250 cm with needle-free connector for syringe
pumps (ICU-medical) 23,400 1.25 29,154.10

Standard volumetric pump infusion sets (Alaris™—BD) 14,000 2.20 30,800.00
Advanced volumetric pump infusion sets (Alaris™—BD) 1200 2.81 3372.00
Manual cardiac output set for Pulmonary Artery Catheter (CO
set© Edwards) 430 7.86 3380.00

Single kit disposable pressure transducers
(TruWave©—Edwards) 5700 6.18 35,226.00

Total cost 279,104.00

4. Discussion

The primary objective of this study was to examine the incidence and risk factors of
CRBSI in patients admitted to an Italian general ICU over a 5-year period. The incidence of
CRBSI was found to be 0.4 per 1000 catheter days across all devices, which is lower than
the rate reported in previous studies [2,3] and the rate reported in non-ICU patients for
CICCs and PICCs [27]. The rate of CRBSI was found to be lower than the previous recorded
data in the ICU over the 4 years prior to the study (0.53/1000 catheter days). Furthermore,
despite literature data showing an increase in the rate of CRBSIs during the pandemic, no
statistically significant differences were observed during the study years (p = 0.874) [6,16].
Within this sample, the highest rate of CLABSI was observed for FICC catheters (1.04),
followed by CICC catheters (0.77). CRBSI was diagnosed in nine patients and involved ten
different catheters (eight CICC, one FICC, one PAC, and one arterial catheter).
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The femoral vein is more likely to develop CRBSI than the internal jugular or sub-
clavian veins [3]. Templeton et al. identified the number of lumens as an independent
risk factor for CRBSI [28]. Patients using multiple-lumen catheters have a 3.41-fold in-
creased risk of developing CRBSIs compared with those using single-lumen catheters [29].
A single-lumen catheter may be the best option for intravenous infusion, and reducing
the number of lumens would be beneficial. However, clinical need requires the ability
to manage multiple infusions in patients admitted to the ICU. The issue of an adequate
number of venous lumens concerns the compatibility of drugs that need to be infused via
the same route, differentiation of flow problems when two drugs are infused through the
same lumen, and haemodynamic impact related to the management of vasoactive drugs
(norepinephrine, adrenaline, dobutamine, dopamine, etc.) [30–32]. In this study, 64% of
patients with CICC/FICC had at least four lumens. Despite the use of many lumens, the
CRBSI rate was below the recommended limits specified in the literature. Therefore, the
catheter management protocol described in this study may play a crucial role in achieving
this objective. Standardising venous lines (Figures 1 and 2) using predefined hubs (manifold
needle-free connectors, three-way stopcocks with needle-free connectors, and dedicated
extension lines for administering therapy at specific times) aimed to reduce the number of
overall manipulations by nurses and physicians. Three-way stopcocks and connectors are
generally the most commonly colonised components of infusion sets [1,3,29]. The use of
predefined hubs without the need to add or remove three-way stopcocks when continuous
infusions are suspended and/or resumed is one of the recommendations suggested in the
literature to reduce the risk of CRBSI development [1,3]. In addition, the extensive use of
needle-free connectors has been associated with the use of port protector systems [4,22,33].
Pathogens may gain access to the bloodstream through either an extraluminal or intralumi-
nal pathway and generate CRBSI [29]. The intraluminal pathway is the most common cause
of infection and is often caused by improper antiseptic catheter-handling procedures. This
pathway begins at the catheter hub and needleless connectors [22,33]. To prevent intralumi-
nal contamination, it is crucial, if a closed line is implemented, that needleless connectors
are scrubbed with a disinfectant wipe and then dried before using the catheter [1,3,9].
However, inadequate disinfection increases the risk of CLABSIs [34]. Port protectors have
been developed to decrease CLABSIs by reducing the effects of variations in scrubbing
duration and techniques [4,22]. Port protectors typically contain a disinfectant, usually 70%
isopropyl alcohol or chlorhexidine gluconate, which continuously bathes the access point
in an antimicrobial agent when the cap is screwed directly onto a needleless connector.
Port protectors can be left in place between infusions, providing improved disinfection
and protection against touch or airborne pathogens invading the hub [33]. As long as the
port protector remains in place, the needleless connector remains inaccessible, disinfected,
and protected for up to 7 days. The latest clinical research endorses the utility of port
protectors for the passive and continuous disinfection of needleless connectors without
the need for more time-consuming manual cleansing of the hub [4,22,33]. This topic is
of great significance because, as the nursing workload increases or the nurse-to-patient
ratio declines, the likelihood of acquiring CRBSI increases [1,3,19]. Even in the popu-
lation enrolled in this study, there was an association between the diagnosis of CBRSI
and nursing workload expressed by the nursing activities score (per single point increase
β = 0.04–95%CI: −0.0–0.09, p = 0.048). During the study period, which encompassed
the first and second waves of COVID-19 in Italy, an increase in the rate of CRBSIs was
observed both within and outside the country [6,16]. Additionally, numerous reports have
highlighted the increased workload of nurses during pandemic [17,18]. Despite these two
risk factors, no statistically significant differences were found in the incidence of CRBSI,
divided by year, in the sample analysed in this study from 2018 to 2022 (p = 0.874).

During the study period, the implemented protocol adhered to two other recom-
mendations: employing chlorhexidine-containing dressings and regularly replacing ad-
ministration sets every 7 days [1,21,25]. Since 2017, the United States Centers for Disease
Control and Prevention (CDC) has recommended the use of CHG-impregnated dressings in
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routine applications [3]. A recent systematic review and meta-analysis confirmed that CHG-
impregnated dressings are effective in preventing intravascular catheter infections [25]. A
CHG gel dressing was used in this study. Compared with CHG-impregnated sponges, gel-
dressing technology allows continuous monitoring, which may aid clinicians in detecting
early signs of inflammation at the insertion site. In addition, CHG dressing was coupled
with a suture-free system to secure all catheters used in this study. Sutures may serve as
a nidus for bacterial colonisation. Dressing and sutureless devices were changed every
7 days or immediately if the dressing was soiled, loose, or damp. Routine replacement
of invasive pressure monitoring lines and administration sets not used for blood, blood
products, or lipid formulations was performed at intervals of 7 days, as suggested in recent
studies [35,36]. Reducing the frequency to once a week reduces the number of manipula-
tions, nursing workload, and necessary costs. CRBSI costs EUR 42,294.57 (USD 45,814) per
case [29].

Starting with the observation of the cost of a single CRBSI (approximately EUR 40,000),
it is possible to compare the effect of some of the items in the bundle used in the ICU.
For example, the cost of implementing port protectors has generated an annual expense
during the study period of around EUR 6000. The reduction of one case of CRBSI per year
generates economic savings that can support the implementation of both port protectors
and a completely closed infusion line (needle-free connectors, preassembled ramps, etc.).
At the time of economic resource reduction in healthcare in Europe, the possibility of
verifying the impact on cost reduction, determined by the reduction in the incidence of
CRBSI, should always be considered. Of course, the introduction of bundles with the
introduction of new devices necessarily involves an increase in the costs to be borne during
the programme’s startup period. However, as analysed in this study over a 5-year period,
it is possible to see how the expenses incurred amortise within 60 months.

In a sample of 1240 patients, the total cost of all devices used for managing vascular
lines during indwelling time was EUR 270,104, resulting in a cost of EUR 130, equivalent to
a daily cost of EUR 15.20 per patient. However, limited data were available to compare the
costs recorded in this study. Daily costs do not include delivered drugs. Rickard et al. in
2021, estimated that 7-day rather than 4-day replacement of infusion sets will reduce EUR
313 per central venous access device [36]. These costs include staff time and consumables
from infusion set replacement procedures; however, it is unclear whether drug costs were
included in their calculations. Van de Pol and colleagues recently reported in a before-after
study in 1409 patients, that 7-day versus 4-day replacement, saved 260 nursing hours were
and estimate of EUR 17,250 saved, based on a cost price of EUR 50 per replacement set [37].

It is crucial to emphasise that ICUs generate significant amounts of waste and that
each day, ICU care produces seven bags of waste per patient. According to the European
Federation of Critical Care Nursing associations’ position statement, “Towards sustainable
intensive care”, waste reduction can be achieved by adjusting the replacement frequencies
of materials [38]. Implementing a 7-day strategy to replace vascular device lines does
not increase the incidence of CRBSI, thus decreasing the use of disposable materials and
directly affecting plastic consumption and pollution [36,37,39].

Finally, the significance of implementing a “catheter bundle” remains a subject of
debate. Nevertheless, the findings of this study indicate that, during a 5-year period that
included a pandemic that severely tested healthcare systems, applying all interventions
supported by available literature can help to keep the rate of CRBSI at the recommended
low level.

The Italian Group of Venous Access Devices (GAVeCeLT) has recently made the de-
cision to provide an updated compendium that summarizes the primary strategies, both
conventional and innovative, which are useful for reducing catheter-related complications
in the critically ill adult patient [40]. The final document presents statements that answer to
four major sets of questions regarding central venous access in the critically ill: 1—before
insertion, 2—during insertion, 3—after insertion, and 4—at removal. All the recommen-
dations related to daily management of vascular access are present in the investigated
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bundle presented in this study. Adopting a specific post-insertion bundle that includes
chlorhexidine-containing dressings, dressing replacement and site care every 7 days, closed
infusion line with neutral needle-free connectors, and using port protectors, as well as rou-
tinely replacing administration sets every 7 days, can help maintain lower rates of CRBSIs
in patients admitted to general ICUs, as recommended. Additionally, our study showed
how a structured bundle can be implemented with a daily cost per patient of EUR 15.20. In
a time when we are called to provide the best care for patients, this study demonstrated
how we can manage a reduction in CRBSI while achieving two targets: cost-effectiveness
and potential waste reduction.

5. Limits

This study had certain limitations. First, it was monocentric and retrospective, which
led to methodological issues. Second, the study was conducted in an adult and paediatric
general ICU. Patients with neurological or cardiovascular issues were not included in the
sample (they were managed in other hospital ICUs). Third, we did not differentiate between
COVID-19 and non-COVID-19 groups. Instead, we examined only time subdivided by
year. Furthermore, the study may be underpowered, primarily because the incidence of
CRBSI was very low.

6. Conclusions

Implementing a dedicated “vascular line” bundle in a general ICU setting, based on
current literature recommendations, resulted in an incidence of CRBSI below the suggested
limits. A modern bundle for managing monitoring and infusion lines should include the
use of chlorhexidine-impregnated medications, the implementation of predefined hubs,
and the use of needle-free connectors in conjunction with port protectors. The use of
multi-lumen central venous catheters, tailored to the clinical needs of patients (ensuring
drug compatibility and reducing flow interference in infusions of multiple drugs through a
single lumen), did not increase CRBSI rates beyond the thresholds recommended in the
literature. Policy change for replacing infusion sets every 7 days helped maintain the CRBSI
rate below the recommended limits, resulting in significant cost reduction and decreased
ICU waste production.

Author Contributions: A.L.: conceptualization, methodology, formal analysis, original draft writing;
M.G.: data curation, editing, original draft writing; E.R.: conception, methodology, data curation; G.F.:
data curation, methodology; A.A.: data curation, methodology; M.S.: data curation, methodology;
L.C.: data curation, methodology, review and editing; N.B.: data curation, methodology, review and
editing; M.C.: conception, methodology, review and editing, formal analysis; S.C.: conceptualization,
data curation, conception, methodology, review; S.E.: original draft writing, conception, methodology,
review and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Data were collected in a retrospective study (OVASC 2—ID
4024\_S\_M) approved by the local ethics committee (Comitato Etico Territoriale Lombardia 3) on 13
December 2023.

Informed Consent Statement: Patient consent is not required for the retrospective studies such as
this one.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Public Involvement Statement: No public involvement in any aspect of this research.

Guidelines and Standards Statement: This study was conducted in accordance with Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.



Nurs. Rep. 2024, 14 1959

Use of Artificial Intelligence: The authors used Paperpal© to enhance the language of this study,
and subsequently reviewed and revised the content as required. They bear responsibility for the
content of this publication.

Acknowledgments: The authors would like to express their gratitude to all the nurses and doctors of
the General ICU of the IRCCS San Gerardo dei Tintori Foundation, whose work made it possible to
achieve the results presented in the study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Buetti, N.; Marschall, J.; Drees, M.; Fakih, M.G.; Hadaway, L.; Maragakis, L.L.; Monsees, E.; Novosad, S.; O’Grady, N.P.; Rupp,

M.E.; et al. Strategies to Prevent Central Line-Associated Bloodstream Infections in Acute-Care Hospitals: 2022 Update. Infect.
Control Hosp. Epidemiol. 2022, 43, 553–569. [CrossRef] [PubMed]

2. Maki, D.G.; Kluger, D.M.; Crnich, C.J. The Risk of Bloodstream Infection in Adults With Different Intravascular Devices: A
Systematic Review of 200 Published Prospective Studies. Mayo Clin. Proc. 2006, 81, 1159–1171. [CrossRef] [PubMed]

3. O’Grady, N.P.; Alexander, M.; Burns, L.A.; Dellinger, E.P.; Garland, J.; Heard, S.O.; Lipsett, P.A.; Masur, H.; Mermel, L.A.; Pearson,
M.L.; et al. Guidelines for the Prevention of Intravascular Catheter-Related Infections. Clin. Infect. Dis. 2011, 52, e162–e193.
[CrossRef] [PubMed]

4. Tejada, S.; Leal-dos-Santos, M.; Peña-López, Y.; Blot, S.; Alp, E.; Rello, J. Antiseptic Barrier Caps in Central Line-Associated
Bloodstream Infections: A Systematic Review and Meta-Analysis. Eur. J. Intern. Med. 2022, 99, 70–81. [CrossRef] [PubMed]

5. Card, S.; Piersa, A.; Kaplon, A.; Vanneman, M.W.; Dalia, A.; Weaver, B.; Hao, D. Infectious Risk of Arterial Lines: A Narrative
Review. J. Cardiothorac. Vasc. Anesth. 2023, 37, 2050–2056. [CrossRef] [PubMed]

6. Gidaro, A.; Vailati, D.; Gemma, M.; Lugli, F.; Casella, F.; Cogliati, C.; Canelli, A.; Cremonesi, N.; Monolo, D.; Cordio, G.; et al.
Retrospective Survey from Vascular Access Team Lombardy Net in COVID-19 Era. J. Vasc. Access 2022, 23, 532–537. [CrossRef]
[PubMed]

7. Pittiruti, M.; Pinelli, F.; Pittiruti, M.; Pinelli, F.; Annetta, M.G.; Bertoglio, S.; Biasucci, D.G.; Biffi, R.; Biondi, S.; Brescia, F.; et al.
Recommendations for the Use of Vascular Access in the COVID-19 Patients: An Italian Perspective. Crit. Care 2020, 24, 269.
[CrossRef] [PubMed]

8. Buetti, N.; Mermel, L.A.; Timsit, J.-F. Routine Catheter-Tip Cultures for Assessing Catheter-Related Bloodstream Infections in
Randomised-Controlled Trials. Anaesth. Crit. Care Pain Med. 2022, 41, 101006. [CrossRef]

9. Loveday, H.P.; Wilson, J.A.; Pratt, R.J.; Golsorkhi, M.; Tingle, A.; Bak, A.; Browne, J.; Prieto, J.; Wilcox, M. Epic3: National
Evidence-Based Guidelines for Preventing Healthcare-Associated Infections in NHS Hospitals in England. J. Hosp. Infect. 2014,
86, S1–S70. [CrossRef]

10. Patel, J.; Baldwin, J.; Bunting, P.; Laha, S. The Effect of a Multicomponent Multidisciplinary Bundle of Interventions on Sleep and
Delirium in Medical and Surgical Intensive Care Patients. Anaesthesia 2014, 69, 540–549. [CrossRef]

11. Van Der Kooi, T.I.I.; Smid, E.A.; Koek, M.B.G.; Geerlings, S.E.; Bode, L.G.M.; Hopmans, T.E.M.; De Greeff, S.C. The Effect of
an Intervention Bundle to Prevent Central Venous Catheter-Related Bloodstream Infection in a National Programme in the
Netherlands. J. Hosp. Infect. 2023, 131, 194–202. [CrossRef]

12. Brescia, F.; Pittiruti, M.; Spencer, T.R.; Dawson, R.B. The SIP Protocol Update: Eight Strategies, Incorporating Rapid Peripheral
Vein Assessment (RaPeVA), to Minimize Complications Associated with Peripherally Inserted Central Catheter Insertion. J. Vasc.
Access 2022, 25, 5–13. [CrossRef] [PubMed]

13. Brescia, F.; Pittiruti, M.; Ostroff, M.; Spencer, T.R.; Dawson, R.B. The SIF Protocol: A Seven-Step Strategy to Minimize Complica-
tions Potentially Related to the Insertion of Femorally Inserted Central Catheters. J. Vasc. Access 2021, 24, 527–534. [CrossRef]
[PubMed]

14. Brescia, F.; Pittiruti, M.; Ostroff, M.; Spencer, T.R.; Dawson, R.B. The SIC Protocol: A Seven-Step Strategy to Minimize Complica-
tions Potentially Related to the Insertion of Centrally Inserted Central Catheters. J. Vasc. Access 2023, 24, 185–190. [CrossRef]
[PubMed]

15. Ostroff, M.D.; Moureau, N.; Pittiruti, M. Rapid Assessment of Vascular Exit Site and Tunneling Options (RAVESTO): A New
Decision Tool in the Management of the Complex Vascular Access Patients. J. Vasc. Access 2021, 24, 311–317. [CrossRef] [PubMed]

16. Grasselli, G.; Scaravilli, V.; Mangioni, D.; Scudeller, L.; Alagna, L.; Bartoletti, M.; Bellani, G.; Biagioni, E.; Bonfanti, P.; Bottino, N.;
et al. Hospital-Acquired Infections in Critically Ill Patients With COVID-19. Chest 2021, 160, 454–465. [CrossRef]

17. Bruyneel, A.; Lucchini, A.; Hoogendoorn, M. Impact of COVID-19 on Nursing Workload as Measured with the Nursing Activities
Score in Intensive Care. Intensive Crit. Care Nurs. 2022, 69, 103170. [CrossRef]

18. Lucchini, A.; Villa, M.; Del Sorbo, A.; Pigato, I.; D’Andrea, L.; Greco, M.; Chiara, C.; Cesana, M.; Rona, R.; Giani, M. Determinants
of Increased Nursing Workload in the COVID-Era: A Retrospective Analysis of Prospectively Collected Data. Nurs. Crit. Care
2023, 29, 196–207. [CrossRef]

19. McMullen, K.M.; Smith, B.A.; Rebmann, T. Impact of SARS-CoV-2 on Hospital Acquired Infection Rates in the United States:
Predictions and Early Results. Am. J. Infect. Control 2020, 48, 1409–1411. [CrossRef]

https://doi.org/10.1017/ice.2022.87
https://www.ncbi.nlm.nih.gov/pubmed/35437133
https://doi.org/10.4065/81.9.1159
https://www.ncbi.nlm.nih.gov/pubmed/16970212
https://doi.org/10.1093/cid/cir257
https://www.ncbi.nlm.nih.gov/pubmed/21460264
https://doi.org/10.1016/j.ejim.2022.01.040
https://www.ncbi.nlm.nih.gov/pubmed/35151542
https://doi.org/10.1053/j.jvca.2023.06.037
https://www.ncbi.nlm.nih.gov/pubmed/37500369
https://doi.org/10.1177/1129729821997252
https://www.ncbi.nlm.nih.gov/pubmed/33618564
https://doi.org/10.1186/s13054-020-02997-1
https://www.ncbi.nlm.nih.gov/pubmed/32466803
https://doi.org/10.1016/j.accpm.2021.101006
https://doi.org/10.1016/S0195-6701(13)60012-2
https://doi.org/10.1111/anae.12638
https://doi.org/10.1016/j.jhin.2022.11.006
https://doi.org/10.1177/11297298221099838
https://www.ncbi.nlm.nih.gov/pubmed/35633065
https://doi.org/10.1177/11297298211041442
https://www.ncbi.nlm.nih.gov/pubmed/34459295
https://doi.org/10.1177/11297298211036002
https://www.ncbi.nlm.nih.gov/pubmed/34320856
https://doi.org/10.1177/11297298211034306
https://www.ncbi.nlm.nih.gov/pubmed/34289721
https://doi.org/10.1016/j.chest.2021.04.002
https://doi.org/10.1016/j.iccn.2021.103170
https://doi.org/10.1111/nicc.12888
https://doi.org/10.1016/j.ajic.2020.06.209


Nurs. Rep. 2024, 14 1960

20. Longo, F.; De Caris, F.; Strumia, A.; Pascarella, G.; Costa, F.; Martuscelli, M.; Claps, F.; Remore, L.M.; Agrò, F.E.; Cataldo,
R.; et al. Central Venous Accesses in Prone Position during the Pandemic Period: A Narrative Review. J. Vasc. Access 2024,
11297298241254410, onlinefirst. [CrossRef]

21. Buetti, N.; Rickard, C.M.; Timsit, J.-F. Catheter Dressings. Intensive Care Med. 2022, 48, 1066–1068. [CrossRef]
22. Gillis, V.E.L.M.; Van Es, M.J.; Wouters, Y.; Wanten, G.J.A. Antiseptic Barrier Caps to Prevent Central Line-Associated Bloodstream

Infections: A Systematic Review and Meta-Analysis. Am. J. Infect. Control 2023, 51, 827–835. [CrossRef]
23. Nickel, B.; Gorski, L.; Kleidon, T.; Kyes, A.; DeVries, M.; Keogh, S.; Meyer, B.; Sarver, M.J.; Crickman, R.; Ong, J.; et al. Infusion

Therapy Standards of Practice, 9th Edition. J. Infus. Nurs. 2024, 47, S1. [CrossRef]
24. Schults, J.A.; Reynolds, H.; Rickard, C.M.; Culwick, M.D.; Mihala, G.; Alexandrou, E.; Ullman, A.J. Dressings and Securement

Devices to Prevent Complications for Peripheral Arterial Catheters. Cochrane Database Syst. Rev. 2024, 2024, CD013023. [CrossRef]
25. Wei, L.; Li, Y.; Li, X.; Bian, L.; Wen, Z.; Li, M. Chlorhexidine-Impregnated Dressing for the Prophylaxis of Central Venous

Catheter-Related Complications: A Systematic Review and Meta-Analysis. BMC Infect. Dis. 2019, 19, 429. [CrossRef]
26. Mermel, L.A.; Allon, M.; Bouza, E.; Craven, D.E.; Flynn, P.; O’Grady, N.P.; Raad, I.I.; Rijnders, B.J.A.; Sherertz, R.J.; Warren, D.K.

Clinical Practice Guidelines for the Diagnosis and Management of Intravascular Catheter-Related Infection: 2009 Update by the
Infectious Diseases Society of America. Clin. Infect. Dis. 2009, 49, 1–45. [CrossRef]

27. Schears, G.J.; Ferko, N.; Syed, I.; Arpino, J.-M.; Alsbrooks, K. Peripherally Inserted Central Catheters Inserted with Current Best
Practices Have Low Deep Vein Thrombosis and Central Line-Associated Bloodstream Infection Risk Compared with Centrally
Inserted Central Catheters: A Contemporary Meta-Analysis. J. Vasc. Access 2021, 22, 9–25. [CrossRef]

28. Templeton, A.; Schlegel, M.; Fleisch, F.; Rettenmund, G.; Schöbi, B.; Henz, S.; Eich, G. Multilumen Central Venous Catheters
Increase Risk for Catheter-Related Bloodstream Infection: Prospective Surveillance Study. Infection 2008, 36, 322–327. [CrossRef]

29. Huang, H.; Chang, Q.; Zhou, Y.; Liao, L. Risk Factors of Central Catheter Bloodstream Infections in Intensive Care Units: A
Systematic Review and Meta-Analysis. PLoS ONE 2024, 19, e0296723. [CrossRef]

30. Foushee, J.A.; Meredith, P.; Fox, L.M.; Wilder, A.G. Y-Site Physical Compatibility of Hydrocortisone Continuous Infusions with
Admixtures Used in Critically Ill Patients. Am. J. Health-Syst. Pharm. 2020, 77, 1144–1148. [CrossRef]

31. Ross, E.L.; Petty, K.; Salinas, A.; Her, C.; Carpenter, J.F. Physical Compatibility of Medications with Concentrated Neonatal and
Pediatric Parenteral Nutrition: A Simulated Y-Site Drug Compatibility Study. J. Parenter. Enter. Nutr. 2023, 47, 372–381. [CrossRef]
[PubMed]

32. Weiss, M.; van der Eijk, A.; Lönnqvist, P.-A.; Lucchini, A.; Timmerman, A. 10 Clinical Tips for Advancing Patient Safety When
Using Syringe Pump Systems for Microinfusion Intravenous Drug Therapy. Eur J Anaesthesiol 2023, 40, 387–390. [CrossRef]
[PubMed]

33. Fillman, K.M.; Ryder, J.H.; Brailita, D.M.; Rupp, M.E.; Cavalieri, R.J.; Fey, P.D.; Lyden, E.R.; Hankins, R.J. Disinfection of Vascular
Catheter Connectors That Are Protected by Antiseptic Caps Is Unnecessary. Infect. Control Hosp. Epidemiol. 2024, 45, 35–39.
[CrossRef] [PubMed]

34. Lockman, J.L.; Heitmiller, E.S.; Ascenzi, J.A.; Berkowitz, I.; Hemmings, H.C. Scrub the Hub! Catheter Needleless Port Decontami-
nation. Anesthesiology 2011, 114, 958. [CrossRef] [PubMed]

35. Lucchini, A.; Bambi, S.; Elli, S.; Tuccio, S.; La Marca, M.A.; Meduri, D.; Minotti, D.; Vimercati, S.; Gariboldi, R. Continuous
bedside pressure mapping in a general intensive care unit: A prospective observational study. Assist. Inferm. E Ric. 2020, 39, 5–12.
[CrossRef]

36. Rickard, C.M.; Marsh, N.M.; Larsen, E.N.; McGrail, M.R.; Graves, N.; Runnegar, N.; Webster, J.; Corley, A.; McMillan, D.;
Gowardman, J.R.; et al. Effect of Infusion Set Replacement Intervals on Catheter-Related Bloodstream Infections (RSVP): A
Randomised, Controlled, Equivalence (Central Venous Access Device)–Non-Inferiority (Peripheral Arterial Catheter) Trial. Lancet
2021, 397, 1447–1458. [CrossRef]

37. van de Pol, I.; Roescher, N.; Rigter, S.; Noordzij, P.G. Prolonged Use of Intravenous Administration Sets on Central Line Associated
Bloodstream Infection, Nursing Workload and Material Use: A before-after Study. Intensive Crit. Care Nurs. 2023, 78, 103446.
[CrossRef] [PubMed]

38. Stilma, W.; Iordanou, S.; Slijepcevic, J.; Adamovic, M.; Furmanov, A.; Pytel, M.; Raab, A.; Rood, P.J.T.; the European federation of
Critical Care Nursing associations (EfCCNa). European Federation of Critical Care Nursing Associations (EfCCNa) Position
Statement: Towards Sustainable Intensive Care. Nurs. Crit. Care 2024. [CrossRef]

39. Lucchini, A.; Angelini, S.; Losurdo, L.; Giuffrida, A.; Vanini, S.; Elli, S.; Cannizzo, L.; Gariboldi, R.; Bambi, S.; Fumagalli, R.
Efficacia della linea chiusa e sostituzione delle linee infusionali ogni 7 giorni sulle infezioni da catetere vascolare in una terapia
intensiva polivalente: Studio pre-post. Assist. Inferm. E Ric. 2015, 34, 125–133.

40. Pinelli, F.; Pittiruti, M.; Annetta, M.G.; Barbani, F.; Bertoglio, S.; Biasucci, D.G.; Bolis, D.; Brescia, F.; Capozzoli, G.; D’Arrigo, S.;
et al. A GAVeCeLT consensus on the indication, insertion, and management of central venous access devices in the critically ill. J.
Vasc. Access 2024, 11297298241262932, onlinefirst. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/11297298241254410
https://doi.org/10.1007/s00134-022-06734-w
https://doi.org/10.1016/j.ajic.2022.09.005
https://doi.org/10.1097/NAN.0000000000000532
https://doi.org/10.1002/14651858.CD013023.pub2
https://doi.org/10.1186/s12879-019-4029-9
https://doi.org/10.1086/599376
https://doi.org/10.1177/1129729820916113
https://doi.org/10.1007/s15010-008-7314-x
https://doi.org/10.1371/journal.pone.0296723
https://doi.org/10.1093/ajhp/zxaa118
https://doi.org/10.1002/jpen.2469
https://www.ncbi.nlm.nih.gov/pubmed/36582024
https://doi.org/10.1097/EJA.0000000000001839
https://www.ncbi.nlm.nih.gov/pubmed/37132300
https://doi.org/10.1017/ice.2023.148
https://www.ncbi.nlm.nih.gov/pubmed/37466074
https://doi.org/10.1097/ALN.0b013e3182054bd1
https://www.ncbi.nlm.nih.gov/pubmed/21270632
https://doi.org/10.1702/3371.33471
https://doi.org/10.1016/S0140-6736(21)00351-2
https://doi.org/10.1016/j.iccn.2023.103446
https://www.ncbi.nlm.nih.gov/pubmed/37210225
https://doi.org/10.1111/nicc.13074
https://doi.org/10.1177/11297298241262932

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Inclusion Criteria 
	Protocol 
	Data Collection 
	Data Analysis 
	Ethics 

	Results 
	Discussion 
	Limits 
	Conclusions 
	References

