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ABSTRACT

Hospital-acquired infections (HAIs) pose a significant challenge in healthcare, particularly
those associated with the use of central venous catheters (CVCs), due to their high
morbidity and mortality. This review article examines the main aspects of HAIs, focusing on
the pathophysiology of CVC infections, preventive techniques, patient safety policies, and
the nurse's role. Literature highlights that strategies such as hand hygiene, the use of
bundles, and standardized protocols are essential to reduce infections. Nurses play a
crucial role in supervising and implementing these practices, ensuring patient safety.

Keywords: Hospital-Acquired Infection. Central Venous Catheter. Nursing. Patient Safety.
Prevention.
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INTRODUCTION

Central venous catheters used in hospital settings aim to efficiently and effectively
support the comprehensive treatment of critically ill patients, ensuring they receive the
utmost care and attention necessary for their recovery and well-being. (Smith & Nolan,
2013)(Wang et al., 2024). However, it is vital to acknowledge that this medical device,
although highly valuable, can, unfortunately, lead to potentially life-threatening bloodstream
infections and adverse health reactions that may compromise the patient's overall condition
and delay their recuperation process(Chelazzi et al., 2011)(Mayorga et al., 2023).
Therefore, it becomes indispensable for healthcare professionals to monitor and manage
central venous catheters meticulously, implementing stringent infection prevention protocols
and providing proper care to mitigate the risks and ensure the safety and optimal health
outcomes for patients(Jamshidi, 2019)("Practical Guide for Safe Central Venous
Catheterization and Management 2017," 2019).

Since the 1970s, central venous catheters have undergone significant evolution.
They started as simple devices with limited features and have become sophisticated tools
with many capabilities. Initially developed as an alternative for vascular access, they are
now widely used in patients admitted to ICUs. Over the years, there have been continuous
advancements in their design and capabilities, resulting in their increased effectiveness and
functionality. These catheters have transitioned from essential devices to sophisticated
tools, offering various features and benefits. With the ever-growing needs of patients
requiring vascular access, central venous catheters have become integral to medical care.
They provide healthcare professionals with a reliable and practical means of administering
medication and fluids, monitoring vital signs, and facilitating various medical procedures.
The utilization of central venous catheters in ICUs has proven to be instrumental in
improving patient outcomes and overall healthcare delivery. As new technologies and
innovations emerge, central venous catheters will likely continue to evolve, ensuring even
better patient care and treatment outcomes.

Central venous catheters (CVCs) are indispensable in the care of critically ill
patients, providing a means of administering medications, intravenous hydration, blood
product transfusions, parenteral nutrition, and hemodynamic monitoring. Their prolonged
use significantly reduces the need for peripheral punctures, thereby minimizing patient

discomfort and potential complications. These catheters are vital conduits for delivering

REVISTA ARACE, Sio José dos Pinhais, v.6, n.4, p.17778-17811, 2024

- 17779



Revista

ARACE

essential therapies and monitoring critically ill patients, making them indispensable tools in
modern healthcare practices.(Chopra et al., 2012)

While the benefits of central venous catheters are undeniable, it is important to
recognize the associated risks and potential complications that can arise from their usage.
(Jamshidi, 2019) The Brazilian Health Regulatory Agency (ANVISA) defines CVCs as short-
term or long-term devices. They can also be categorized as semi-implantable or fully
implantable (William et al., 2013)(Rezer & Faustino, 2019). Short-term semi-implantable
catheters lack structural barriers to prevent extraluminal colonization. In contrast, long-term
catheters feature a subcutaneous pathway with a Dacron cuff that promotes per-catheter
fibrosis, reducing infection risks. Fully implantable CVCs, with no external parts, further
minimize contamination risks(Crisi et al., 2022)(Hafeez et al., 2022) (JUNIOR et al., 2010).

The correct practices in inserting and maintaining central venous catheters are
crucial in reducing the risk of healthcare-associated infections.(SAFDAR et al.,
2023)Implementing comprehensive preventive measures, such as proper aseptic
techniques during CVC insertion and maintenance, regular monitoring, and timely
interventions, is essential to reduce infection rates and improve healthcare quality. By
adopting evidence-based best practices, healthcare professionals can significantly mitigate

the risks associated with these invasive devices and contribute to better patient outcomes.

PATHOPHYSIOLOGY OF CENTRAL VENOUS CATHETER INFECTIONS

The pathophysiology of central venous catheter infections involves two primary
mechanisms: extraluminal colonization and intraluminal colonization(The Incidence of
Infectious Complications of Central Venous ..., 2023). Extraluminal colonization occurs
when skin microbiota, which is the normal flora of the skin, penetrates the catheter area
during insertion or after extended device use. Intraluminal colonization occurs when
bacteria or fungi enter the bloodstream through pre-existing infections or contaminated
infusions. The former occurs when skin microbiota penetrates the catheter area during
insertion or after extended device use. The latter occurs when bacteria enter the
bloodstream through pre-existing infections or contaminated infusions(Nye et al.,
2024)(Wang et al., 2024)(Kadirvelu et al., 2024).

It's crucial to remember that the bloodstream infections associated with CVCs are
largely preventable. They can result from catheter contamination during insertion by skin

flora, contaminated solutions, or improper hand hygiene during handling by healthcare
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staff.(Hanauer et al., 2020)Understanding the complexity of CVC infection pathophysiology,
which involves multiple risk factors, empowers us to take proactive measures. Pathogens
can access intravascular devices through extraluminal routes, such as adherence of
microbiota to the catheter's percutaneous tract, or intraluminal routes, such as
contamination during device handling or medication infusion.(SAFDAR et al., 2023)

The percutaneously inserted catheters carry higher infection risks due to
microorganism migration from the skin microbiota along the catheter surface into the
bloodstream, a process known as extraluminal infection. Intraluminal infections arise from
bacteria or fungi entering the bloodstream via contaminated infusions or improper handling
of the device. Subcutaneously implanted catheters, however, carry significantly lower
infection risks. The most common pathogens associated with CVC-related bloodstream
infections are Staphylococcus species, particularly coagulase-negative Staphylococcus (35-
60% of cases) and Staphylococcus aureus (12-24% of cases). (Nye et al., 2024)(Chopra,
2024)(Advani et al., 2024) These microorganisms are part of the normal skin flora and can
migrate along the catheter's external surface, leading to infection. (Hoppe, 1995) (Esposito
et al., 2013)

Primary bloodstream infections (PBIs) occur more than 48 hours after CVC insertion
without evidence of a pre-existing infection focus. PBIs associated with CVCs occur in
patients using these devices for over two days. Day 1 of insertion marks the beginning of
the observation period, and infection diagnosis can be made during CVC use or after its
removal. (William et al., 2013) The Prevention of CVC-related InfectionsThe prevention of
CVC-related infections requires a multifaceted approach involving both healthcare workers
and patients.(Buetti et al., 2022)(Vijayan & Boyce, 2022). diagnostic challenges of
bloodstream infections in long-term CVC patients, as symptoms like fever and chills are
nonspecific and occur in various conditions. Therefore, clinicians must remain vigilant and

employ diagnostic tools like blood cultures to confirm CVC-related infections. (2023)

PREVENTIVE TECHNIQUES FOR INFECTIONS AND PATIENT SAFETY IN THE FACE
OF ADVERSE HEALTH REACTIONS

Proper hand hygiene by healthcare professionals is not just a routine; it is a critical
step in preventing the transmission of resistant microorganisms(Kavanagh et al., 2024). As
frontline defenders against infections, healthcare professionals play a crucial role in this. It

involves three key steps: using an antimicrobial topical agent, applying it correctly and for
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the recommended duration, and using it consistently at appropriate times(McDonnell,
2017)(Williamson et al., 2017). Of these, the use of antimicrobial soap or alcohol-based
hand rubs is particularly effective in infection prevention. Aseptic techniques for connection
wound dressings, as well as sterile materials, are also essential. What's more, these
techniques are not just good practices, but they are backed by evidence, making them even
more effective(Tartari et al., 2024)(Svensek et al., 2024). Antisepsis of catheter hubs,
involving the application of an antiseptic solution like chlorhexidine or povidone-iodine, is
crucial to prevent infections related to central venous catheters and should be done before
and after handling and infusions.(O’Grady et al., 2011)

Research has shown that improvements in the care of intravenous devices can be
achieved through bundles - structured strategies designed to enhance care processes and
boost patient recovery rates, as recommended by the Institute for Healthcare
Improvement(Boyd et al., 2010). Similarly, various strategies have been developed to
minimize the risk of catheter-related bloodstream infections, with guidelines provided by the
Centers for Disease Control and Prevention being implemented through intervention
protocols grouped under "bundles," which have become crucial for ensuring patient safety
in healthcare settings(2024)(Chopra, 2024).

Before central catheter insertion, strict precautions are necessary. These include
thorough hand antisepsis using solutions such as PVP-1 10% or chlorhexidine 2%, which
should not be skipped even when gloves are used(“Practical Guide for Safe Central Venous
Catheterization and Management 2017,” 2019)(O’Grady et al., 2011). The patient's skin
must be disinfected with solutions like 2% chlorhexidine alcohol, 70% alcohol, or 10% PVP-I
in the absence of alternatives. However, one of the most crucial precautions is using
completely sterile attire, including gloves, masks, caps, gowns, and sterile drapes.(2024)

Daily checklists help ensure adherence to catheter insertion protocols, reducing the
incidence of 'adverse events and infections' such as catheter-related bloodstream infections
and local site infections. Evidence-based measures such as preparing the skin with 0.5%
chlorhexidine gluconate before catheter insertion are recommended to minimize infection
risk(2019). Daily hygiene using 2% chlorhexidine and applying chlorhexidine-soaked
sponges near the insertion site are also beneficia(O’Grady et al., 2011). Preventive infection
measures include comprehensive training programs that cover correct hand hygiene,
proper use of personal protective equipment, safe administration of injectable medications,

and aseptic device insertion techniques(Guidelines for the Prevention of Intravascular
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Catheter-Related Infections, 2023). These educational initiatives equip healthcare teams
with the knowledge and skills to uphold rigorous aseptic practices and the importance of
multidisciplinary and practical vascular access surveillance to prevent
complications(Alexandrou et al., 2015).

Nurses, as pivotal members of the healthcare team, play a crucial role in supervising
and educating teams about standardized and rigorous aseptic techniques, ensuring
adherence to evidence-based protocols, and fostering a patient safety culture.(Harpel,
2012)(Woody & Davis, 2013). Daily dressing changes are needed for semi-implantable
catheters until the skin has healed; after that, dressing is not required unless the catheter is
in use(Stevens et al., 2018). Long-term implantable catheters necessitate flushing with
0.9% saline solution after medication administration, and antimicrobial ointments are not
recommended due to potential material deterioration and the risk of antimicrobial
resistance.(SAFDAR et al., 2023) Transparent film dressings are cost-effective as they
allow observation of the insertion site and can remain in place for up to seven days without
visible discharge. In contrast, sterile gauze dressings require more frequent changes, every
two days or when moist, leading to higher costs.(Chico-Padron et al., 2011)(Kadirvelu et al.,
2024)

Hand hygiene, a practice recognized as important since the 19th century, remains
the primary measure to prevent healthcare-associated infections(Tartari et al., 2024). The
consequences of poor hand hygiene, such as increased risk of patient infections and the
spread of antimicrobial resistance, underscore the critical importance of this practice.
Continuous education and training are crucial, as demonstrated by the reduced infection
rates following improved hand hygiene compliance and proper skin
antisepsis.(2009)(Svensek et al., 2024)

Essential nursing practices to prevent infections include sanitizing connections with
70% alcohol, ensuring closed unused connections, using aseptic techniques during solution
preparation, and prioritizing closed infusion systems(“Guideline Summary: Hand Hygiene,”
2017). Peripheral components like burettes and extensions should be replaced every 72
hours or after blood reflux, while parenteral nutrition systems require daily replacement.
Healthcare professionals must also strictly adhere to aseptic protocols during device
handling, including regularly replacing dressings, protecting the catheter during bathing,
and closely observing patient safety protocols(New Guidance Aims to Reduce Bloodstream

Infections from Catheter Use, 2024). Unfortunately,the poor adherence to hand hygiene,
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particularly among those who prioritize glove use, with only 14.8% of healthcare workers
washing their hands before donning gloves(Armstrong-Novak et al., 2023). Continuous
education and training are critical to reinforce the importance of these preventive measures
and ensure healthcare teams uphold rigorous aseptic practices.(Armstrong-Novak et al.,
2023)(Svensek et al., 2024)

A multifaceted approach is crucial to effectively prevent infections associated with
central venous catheters and ensure patient safety in healthcare settings. Proper CVC
management by knowledgeable and well-trained nursing staff is of paramount importance.
Nurses are pivotal in adhering to up-to-date, evidence-based CVC insertion, maintenance,
and removal protocols(Rezer & Faustino, 2019)(Gibson & Bodenham, 2013)(Vizcarra et al.,
2014). This process includes strict hand hygiene adherence, proper personal protective
equipment use, and meticulous aseptic techniques.(Aydogdu & Akgun, 2020) Furthermore,
the importance of continuous education and training programs for healthcare teams,
facilitated by infection control committees, cannot be overstated. These initiatives are
essential to reinforce the significance of preventive measures and foster a culture of patient
safety. By upholding rigorous aseptic practices and staying current with the latest
guidelines, nurses can significantly contribute to reducing the incidence of CVC-related
infections and promoting positive patient outcomes(Teja, 2024)(Prevent Catheter-Related

Bloodstream Infections, 2024).

PATIENT SAFETY POLICY

The World Health Organization has been striving to incorporate quality care in the
context of patient safety, with manuals serving as an essential pathway for improving the
performance of professionals responsible for patient care. (Primary Health Care and Patient
Participation in the Quality and Safety of Care, 2024)(Patient Safety, 2019). The National
Patient Safety Program, a significant initiative, was established to enhance healthcare
quality across all healthcare facilities in the country. (Kohn et al., 2000)(Stewart et al., 2024)
Patient safety, one of the six attributes of quality care, has gained significant global
importance among patients, families, managers, and healthcare professionals.(El-Jardali &
Fadlallah, 2017) Its primary aim is to provide safe care, focusing on patients as the central
concern for professionals and leadership in health services.

When patients are engaged and invited to participate in their care and treatment

actively, they move from being passive recipients to contributing to safer care, aware of
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their role as citizens and healthcare consumers (Menichetti et al., 2014)(McDonald et al.,
2024)(Haggstrom et al., 2024). The National Patient Safety Program (PNSP) plays a pivotal
role in enhancing healthcare across all healthcare facilities in the country, demonstrating its
commitment to patient safety(The Patient Safety Act, 2023)(Primary Health Care and
Patient Participation in the Quality and Safety of Care, 2024 )(Gallagher & Kachalia, 2024).
Patient safety, one of the six attributes of quality care, has gained significant global
importance among patients, families, managers, and healthcare professionals. Its primary
aim is to provide safe care, focusing on patients as the central concern for professionals
and leadership in health services(Allen-Duck et al., 2017)(Rahman et al., 2023). When
patients are engaged and invited to participate actively in their care and treatment, they
move from being passive recipients to contributing to safer care, aware of their role as
citizens and healthcare consumers (2016).

The PNSP was launched in Brazil in 2013 to promote quality health care nationwide.
(Behrens, 2019)(Silva & Santos, 2024) One of its specific goals is to involve patients and
their families in patient safety actions. This approach demands a cultural shift within
healthcare services, encouraging professionals to support and foster an active attitude
among service users. Patients are regarded as partners, assuming responsibility for their
health and care(Sahlstrom et al., 2018)(Listiowati et al., 2023). Patient safety measures aim
to reduce risks and prevent adverse events, which are unexpected incidents that cause
harm to patients.(Vaismoradi et al., 2014)(Saut et al., 2023) Risk managers play a vital role
in achieving patient safety goals identifying, classifying, and minimizing potential risks.
ANVISA emphasizes that risk managers manage health and hospital risks within healthcare
services, integrating care across pharmacology, techno-vigilance, and hemovigilance.

Ordinance No. 529/2013, established in 2013, formalized the PNSP to prevent risks
and adverse events in patients within hospital institutions nationwide.(Araujo et al.,
2024)(Silva & Santos, 2024) It promotes actions to control the rise of health-related
infections. Furthermore, Resolution RDC No. 36, dated July 25, 2013, mandated
establishing a Patient Safety Core (NSP) within hospital networks to reduce adverse event
incidences during patient care, enhancing the quality of care provided(Galadanci, 2013).

The patient safety guidelines were intensified in 2007 with the introduction of
solutions for patient safety. (Maamoun, 2009)(Facey et al., 2024). They emphasized the
importance of visible alcohol-based sanitizers, potable water faucets for hand hygiene, and

informational materials demonstrating proper handwashing techniques. In response,
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ANVISA joined the global challenge for patient safety, defining the five moments of hand
hygiene. (WHO Guidelines on Hand Hygiene in Health Care: A Summary First Global
Patient Safety Challenge Clean Care Is Safer Care WHO Guidelines on Hand Hygiene in
Health Care: A Summary, 2023)(Vaughan & Sandora, 2020)

According to this management, implementing patient safety solutions is a preventive
measure in areas with patient safety concerns. These solutions encompassed nine
steps(WHO Guidelines on Hand Hygiene in Health Care: A Summary, 2023)(Tartari et al.,
2024)(Dunlop et al., 2024):

1. Managing look-alike medications.

Correctly identifying patients.

Clarifying care procedures.

Avoiding incorrect surgical procedures.

Enhancing the safety of high-alert medications.

Preventing medication interactions.

Avoiding errors with materials such as catheters and tubes.

Using a single injectable device.

© © N o o bk~ DN

Reducing infection risks through improved hand hygiene.

Patient and family involvement is crucial at every stage, ensuring these measures
effectively prevent severe events and serve as a standard for professionals and institutions
delivering patient care. (WHO Best Practices for Injections and Related Procedures Toolkit,
2023)(Healthcare-Associated Infections: Prevention and Control in Primary and Community
Care, 2023). The '5 Million Lives Campaign' by the Institute for Healthcare Improvement,
which included initiatives like the '100,000 Lives Campaign', focused on preventing
bloodstream infections related to central venous catheters. The campaign emphasized the
implementation of evidence-based central venous catheter care bundles, which have been
shown to significantly reduce the risk of catheter-related bloodstream infections when
applied consistently by healthcare teams. However, the campaign's impact goes beyond the
initial implementation of these bundles. It also stresses the importance of continuous
monitoring, evaluation, and feedback to healthcare teams to ensure the sustained
effectiveness of these preventive strategies.

Some patient safety initiatives can be traced back to 1987 in Australia, with the
establishment of the Australian Patient Safety Foundation. A watershed moment came in

1999, when the U.S. Institute of Medicine's report "To Err is Human" opened new frontiers
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in healthcare quality. Patient safety gained prominence in the early 20th century when the
WHO identified a global rise in adverse events, many of which were preventable,
empowering healthcare professionals to take responsibility for patient safety. This process
led to improvements in healthcare quality standards. A notable incident in Brazil was the
1984 death of President-elect Tancredo Neves due to a surgical infection, which spurred
hospital infection control measures and professional training to reduce adverse
events.(Araujo et al., 2024)This historical context underscores the legacy of progress and
improvement in patient safety, to which all healthcare professionals are contributing.

In 2005, WHO launched the Global Challenge Clean Care is Safer Care, advocating
hand hygiene practices worldwide through educational initiatives and manuals to ensure
quality patient care(Pittet & Donaldson, 2005)(Infection Prevention and Control and Water,
Sanitation and Hygiene Measures in HealthcareHealthcare Settings and
Shelters/Congregate Settings in Gaza, 2024) (Belela-Anacleto et al., 2017). Since 2004,
ANVISA has systematically advanced patient safety initiatives, culminating in the 2013
PNSP directives. A core principle of PNSP, aligned with WHO recommendations, is the
"Involvement of Citizens in Their Safety," recognizing patients, families, and caregivers as
partners in preventing errors and harm in healthcare services (Brasil, 2017). (2019)

Patients, their families, and caregivers are crucial in ensuring patient safety. (Samri &
St-Germain, 2018). They must actively engage in their care, comprehend their rights and
responsibilities, supply accurate health data, and follow the agreed-upon treatment
plans(Listiowati et al., 2023). Additionally, they are urged to report any adverse events to
ANVISA when such incidents arise. Accurate patient identification is essential to
guaranteeing patients receive the appropriate procedures and treatments preventing errors
in medication administration and blood transfusions. This identification process is typically
conducted upon admission and maintained through wristbands throughout the patient's
care period.(Hoffmeister & Moura, 2015)(Tartari et al., 2024)

Addressing the multifactorial causes of errors and adverse events in healthcare
requires recognizing that professionals are susceptible to such occurrences in complex,
poorly planned technical and organizational processes (Capucho et al., 2013). In
conclusion, recognizing that healthcare healthcare professionals are susceptible to errors
and adverse events due to the complex, poorly planned technical and organizational
processes within the healthcare healthcare system is crucial. Addressing the multifactorial

causes of these incidents requires a comprehensive approach that empowers
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professionals, engages patients and families, and fosters a culture of safety throughout the

healthcare organization.
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