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Abstract: Background: A Peripherally Inserted Central Catheter (PICC) is a safe and
effective Central Vascular Access Device when properly used. Therefore, it has become
an increasingly frequent procedure. Nurses are often the professionals responsible for its
insertion, maintenance, and removal. Despite the advantages of this device, it presents
risks and possible associated complications. This scoping review aims to identify and
analyze nursing interventions to prevent complications in adults with PICC. Methods:
The review was conducted according to Joanna Briggs Institute’s scoping review proposal.
The electronic databases Pubmed, CINAHL Complete, MEDLINE Complete, Cochrane
Central Register of Controlled Trials, Nursing & Allied Health Collection: Comprehensive,
Cochrane Database of Systematic Reviews, Cochrane Methodology Register, Library, Infor-
mation Science & Technology Abstracts, and MedicLatina were consulted in October 2023.
Additionally, we searched the websites of the Registered Nurses Association of Ontario and
the Canadian Vascular Access Association. We included articles published in English and
Portuguese between 2018 and 2023. Results: A total of 170 articles were initially identified.
After selecting and analyzing the articles, 13 studies were included. This review identified
nursing interventions in adults to prevent PICC-related complications, categorized into
five main groups: pre-procedure, during the procedure, post-procedure, maintenance,
and team management interventions. Nurses are pivotal in averting PICC complications
by employing evidence-based nursing interventions at each process stage. Conclusions:
The importance of nursing interventions in enhancing patient safety, improving health
outcomes, and informing clinical practice highlights the need for standardized protocols,
specialized training, and consistent patient education for PICC care.

Keywords: PICC; nurse; prevention; complications

1. Introduction

The insertion and maintenance of a vascular access device (VAD) for intravenous
treatment is one of the most common procedures nurses perform in hospital settings [1].
However, most VADs are removed due to access-related complications [2,3].

A central vascular access device (CVAD) inserted into a peripheral or centrally located
vein, with the tip located in the superior or inferior vena cava, is indicated when adequate
peripheral access is not available, the osmolarity of the solution to be administered is
greater than 900 mOsm/L (e.g., parenteral nutrition) or perfusion of a vesicant solution is
required [4].
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The use of a peripherally inserted central catheter (PICC), a CVAD inserted through a
vein of an upper extremity and advanced to the distal third of the superior vena cava [5],
has been increasing since it is considered safe and effective when properly used [6].

PICCs provide significant advantages. These include insertion under local anesthesia
at the patient’s bedside, reducing patient discomfort by avoiding multiple venipunctures,
contributing to the preservation of the peripheral venous system, ensuring safe admin-
istration of antibiotics and prolonged parenteral nutrition, providing excellent access for
chemotherapy, longer indwelling time, lower risk of contamination, and widespread ap-
plicability across the continuum of care [5]. In addition, according to the same authors, it
prevents iatrogenic complications such as pneumothorax and haemothorax, as the catheter
is peripherally inserted.

However, PICCs have risks, including deep venous thrombosis, pulmonary embolism,
bloodstream infection associated with the catheter, and PICC occlusion [7,8]. Occlusion
is one of the most frequent complications of PICC, and it can cause treatment delays,
increased costs, and premature catheter removal [9]. In addition, there is an association
between PICC occlusion and central catheter-associated bloodstream infection [10]. When
a clot forms and blocks the catheter, it can lead to bacterial proliferation, which can cause a
significant increase in morbidity, mortality, and costs [11].

Presently, a range of healthcare professionals are implicated in the insertion and
management of VADs, including PICCs, by the varying scopes of practice of professionals
across the globe [4,10,12]. However, this may result in fragmented patient care [12]. Mussa
et al. [13] identified notable differences in the composition of vascular access teams across
several European countries, including Denmark, France, and Italy. These teams include a
variety of professionals, such as nurses, anesthesiologists, and surgeons. Conversely, these
teams are composed exclusively of nurses in the United Kingdom and Spain. Krein et al. [14]
identified that most hospitals in the United States, specifically those with over 50 beds,
maintain a specialized team of nurses proficient in PICC insertion and management.

Global variations in PICC-related nursing practices reflect differences in healthcare
systems, resource availability, professional training, and regulatory standards. In North
America, PICC insertion and care are frequently the responsibility of dedicated vascular ac-
cess teams composed primarily of registered nurses with specialized training. These teams
ensure adherence to standardized protocols, which has been associated with improved
patient outcomes and reduced complication rates [15,16]. In contrast, European countries
exhibit greater variability. While countries like the United Kingdom recognize nurses
as professionals responsible for PICC insertion, other regions rely on multi-disciplinary
teams where nurses, physicians, and anesthesiologists collaborate [17]. This diversity
highlights the need for global harmonization of standards to ensure consistency in patient
care and safety.

In low-resource settings, limited access to training, equipment, and evidence-based
guidelines presents significant challenges to effective PICC management. Additionally,
regional disparities in nurse education programs impact the preparedness of healthcare
professionals [18].

In Portugal, it was only recently that interventions such as inserting, maintaining, and
removing PICC lines were recognized as falling within the scope of nursing practice. The
Board of Portuguese Nurses emphasizes the need for nurses receiving certified training to
perform this procedure. It stresses the importance of healthcare institutions establishing pro-
tocols to ensure the necessary skills and knowledge for safe execution [19]. Consequently,
nurses are willing to enhance their competencies in this field. In 2016, the Portuguese
Association of Vascular Access (APoAVa) was founded to promote the development of
skills in this specific domain through advanced training of physicians and nurses.
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Emerging technologies and innovations have the potential to enhance nursing inter-
ventions related to PICCs significantly. For instance, using ultrasound guidance for PICC
insertion has become a critical tool, improving the success rate and reducing complica-
tions [20]. Additionally, innovations such as near-infrared vein visualization devices [21]
and antimicrobial-impregnated catheters are being developed to optimize patient safety
and outcomes further [22]. Integrating digital platforms for real-time monitoring and
electronic documentation can also streamline PICC care, enabling more precise and efficient
intervention [23].

In a comprehensive review, Raynak et al. [24] sought to evaluate nurses’ current
knowledge regarding the routine care and maintenance of VADs in adults. Their conclusion
highlighted the need for enhanced educational preparation and workplace training for
nurses in this area. Furthermore, the World Health Organization (WHO) has emphasized
that the costs associated with adverse events far exceed those related to preventive measures
to enhance the safety and quality of care [25].

Thus, this research holds considerable relevance as it supports nurses in making
evidence-based decisions, facilitating the proper maintenance of PICC, and preventing
related complications. This, in turn, ensures the effectiveness of treatment and upholds the
quality of care provided.

This scoping aims to map and analyze the available scientific evidence on nursing
interventions to prevent complications in patients with PICC.

2. Methodology

This scoping review follows the methodological approach proposed by the Joanna
Briggs Institute (JBI) [26]. The study leveraged the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) to augment
comprehension, fortify transparency, and uphold the overall quality of the review.

The following research question was formulated using the acronym PCC (Population,
Concept, and Context): “What interventions are used by nurses (P) to prevent complications
(C) in adults with PICC (C)?”

2.1. Criteria for Inclusion

According to the methodology proposed by the JBI, inclusion and exclusion criteria
were defined based on participants, concept, and context (PCC) (Table 1).

Table 1. Inclusion/exclusion criteria.

Parameter Inclusion Criteria Exclusion Criteria

Studies focusing on nurse-led

Population interventions for individuals aged  Participants < 18 years old.
18 and older.
Studies not focusing on the
Studies that explore nursing prevention of complications related
Concept interventions to prevent to PICC.
complications related to PICC. Studies that do not describe
interventions conducted by nurses.
Context Studies involving individuals Studies involving individuals with
with a PICC in place. other types of VAD.

We selected all relevant published and unpublished articles with available abstracts
and full texts as information sources. The study included articles published in English and
Portuguese, as the reviewers were proficient in these languages. A time limit of 2018 to
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2023 was set to prioritize recent articles that can be applied in practice based on the best
available scientific evidence.

2.2. Search Strategy

A comprehensive search was conducted on PubMed (n = 110) and EBSCOHost search
engine (n = 58), encompassing the databases CINAHL Complete, MEDLINE Complete,
Cochrane Central Register of Controlled Trials, Nursing & Allied Health Collection: Com-
prehensive, Cochrane Database of Systematic Reviews, Cochrane Methodology Register,
Library, Information Science & Technology Abstracts, and MedicLatina. In addition, we
searched the websites of the Registered Nurses Association of Ontario (RNAO) (n = 1) and
the Canadian Vascular Access Association (CVAA) (n = 1). The search yielded 170 articles
in total. The final survey was completed on 19 October 2023.

In conjunction with Boolean operators, indexed medical subject headings were em-
ployed to formulate the following search strings:

e  EBSCOhost search engine: [(PICC) OR (peripherally inserted central catheter) OR
(PICC line) OR (catheterization, peripheral central venous)] AND [(adults) OR (adult)
OR (aged) OR (elderly)] AND [(prevention) OR (intervention) OR (treatment) OR
(program) OR (control) OR (strategy) OR (management) OR (protocol) OR (guideline)
OR (policy) OR (catheter-related complications) OR (complications) OR (adverse
effects)] AND (nurs*)

e PubMed database: [(PICC) OR (peripherally inserted central catheter) OR (PICC line)
OR (catheterization, peripheral central venous)] AND [(adults) OR (adult) OR (aged)
OR (elderly)] AND [(prevention) OR (intervention) OR (treatment) OR (program) OR
(control) OR (strategy) OR (management) OR (protocol) OR (guideline) OR (policy)
OR (catheter-related complications) OR (complications) OR (adverse effects)] AND
[(nurse) OR (nurse interventions) OR (nursing care)].

2.3. Study Selection

Following the above inclusion criteria to the databases, the studies were screened by
two independent researchers to ensure that only articles meeting the previously defined
inclusion criteria were included. The selection process, which involved eliminating dupli-
cate articles, was conducted in three stages. The initial stage of the review process entailed
examining the article titles, followed by a review of the abstracts. Finally, the articles were
read in their entirety. Any discrepancies were resolved through discussion or consultation
with a third reviewer. The PRISMA-ScR presents this process, illustrated in a flowchart [27].

2.4. Data Extraction

To ensure a clear and comprehensive summary of the findings consistent with the
scoping review’s aim and focus [26], two researchers independently conducted data extrac-
tion using a custom tabular tool developed to facilitate the organization and analysis of
the data.

This tool includes the following information: authors, publication year, article title,
country, study objective, study type, and nursing interventions/categories.

3. Results

This scoping review aimed to comprehensively outline the evidence in the literature
on nursing interventions designed to prevent complications associated with PICC. Initially,
a thorough search of databases yielded 168 articles, supplemented by two documents
from grey literature. Following meticulous screening, 13 studies were deemed suitable
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Figure 1.
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Figure 1. PRISMA flow chart for study selection.

Out of the 13 articles selected for review, five were from the United States of America
(USA) [11,14,28,29] and four were from China [30-33]. Additionally, two studies were
conducted in Canada [4,10], one in Colombia [34], and one in Spain [35].

The research encompassed the following categories of studies: one case study [31], one
retrospective longitudinal descriptive study [34], one correlational descriptive study [11],
one descriptive phenomenological qualitative study [33], one cross-sectional study [32],
and one retrospective cross-sectional study [30]. In addition, the following studies were
included: one randomized controlled study [35], one quasi-experimental study [28], one
quantitative survey study with a random sample [14], one retrospective cohort study [29],
two literature reviews [10,36], and one systematic literature review [4].

To expedite the analysis of the findings, the interventions identified in response to
the research question were classified by the thematic analysis method delineated by Braun
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et al. [36]. This inductive method allows for identifying patterns and themes within
qualitative data sets, and the resulting classifications are presented in Table 2.

The inductive analysis [37] of the nursing interventions organized them into five
categories according to their applicability: pre-procedure, during the procedure, post-
procedure, maintenance, and team management. The following section presents a compre-
hensive description of each category of interventions.

Table 2. Data extraction and synthesis.

Author/Year/Title/Country

Aim Study Design Interventions/Categories

Feng et al. [31], 2020
A peripherally inserted
central catheter
misplacement into a lateral

thoracic vein: A case report.

China

Pre-procedure:

-Assess the person’s medical history to detect any existing or
potential predisposition to dilation of the lateral thoracic vein.
During the procedure:

-Perform real-time image-guided catheterization using
ultrasound (US) and intracavitary electrocardiogram (EKG)
or fluoroscopy.

Post-procedure:

-Check the position of the PICC tip using fluoroscopy,
intracavitary EKG, or chest X-ray.

Reporting a case of PICC
misplacement into the Case study
lateral thoracic vein.

Padilla-Nula et al. [35], 2023
Effectiveness of
cyanoacrylate glue in the
fixation of midline catheters
and peripherally inserted
central catheters in
hospitalized adult patients:
Randomized clinical trial.
Spain

To evaluate the efficacy of
using cyanoacrylate glue

(CAG) as a means of

fixing midlines and Randomized
PICCs with the modified controlled trial

micro-Seldinger
technique in hospitalized
adult patients.

During the procedure:
-Fix midlines and PICC with CAG to reduce the incidence of
bleeding and peri-catheter exudation and displacement.

Cortés et al. [34], 2022
Evaluation of Indicators of
a Vascular Access Device
Program led by Nursing
Professionals in a
High-complexity University
Hospital in Colombia.
Colombia

Evaluate the result

indicators of the Descriptive
Specialized Vascular longitudinal Team management:
Access Program led by retrospective -Create Specialist Nursing Teams for PICC placement.
nurses to structure study

improvement plans.

Ying et al. [32], 2020
Impact of arm choice for
peripherally inserted
central catheter (PICC)
insertion on patients: a
cross-sectional study.
China

To explore the impact of
the choice of arm
(dominant or

non-dominant) on the Cross-sectional Pre-procedure:
rate of catheter-related study -Select the non-dominant arm for PICC insertion.
complications and the

degree of comfort I

patients with PICC.

Chen et al. [30], 2020
Incidence and risk factors of
symptomatic thrombosis
related to peripherally
inserted central catheter in
patients with lung cancer.
China

Pre-procedure:
-Conduct a complete initial assessment of the patient to detect

To determine the risk factors for developing PICC-RT, such as smoking, treatment

incidence and risk factors

associated with Retrospective with antineoplastic drugs (carboplatin or docetaxel) and
PICC-related thrombosis cross-sectional high D-Dimers.
study -Select the smallest size PICC according to the patient’s

(PICC-RT) in lung

. i ing f .
cancer patients. predisposing factors

-Assess the need for prophylactic anticoagulant therapy in
patients with high D-dimer levels.

Bozaan et al. [28], 2019
Less Lumens-Less Risk: A
pilot intervention to
increase the use of
Single-Lumen peripherally
inserted central catheters.
USA

Team management:
-Provide training to all professionals involved in the process

Increase the use of (including indications for the appropriate PICC use and how to

ﬁg;gli;l;;;sn I;;Cegtss 1tr; ex Srtilrilsel;’l tal select the most clinically appropriate features, such as the number
rI; duce theprisk of ps tud of lumens and the catheter gauge).
complications y -Implement the single-lumen PICC as the standard device in the

electronic prescription system for PICC placement.
-Define criteria for the appropriate use of multi-lumen PICCs.
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Table 2. Cont.

Author/Year/Title/Country

Aim

Study Design

Interventions/Categories

Zheng et al. [33], 2020.
Nurses’ knowledge of the
management of

To describe and
understand nurses’ level
of knowledge about the

management of

drug-induced PICC
occlusion.

A qualitative

Team management:
-Adjust the nurse-to-patient with PICC ratio.
-Train nurses on drug-induced PICC occlusion.

drug-induced peripherally To identify why nurses descriptive phe-  -Improve the communication process between the nurses on the
inserted central catheter are unaware of/do not nomenological ~ ward and the nurses on the PICC management team.
obstruction: A descriptive use the management study -Encourage communication between nurses and pharmacists in
phenomenological study. techniques for managing the therapy to be administered to the patient
China drug-induced PICC with a PICC.
occlusion recommended
by the Infusion Therapy
Standards of Practice.
Kagan et al. [29], 2018 To evaluate the risk
Peripherally inserted factors for
central catheter-associated PICC-associated
bloodstream infection: Risk bloodstream infection Retrospective Pre-procedure:
factors and the role of with a focus on the effect cohort study -Preferably select PICCs impregnated with antimicrobials.
antibiotic-impregnated of antimicrobial-
catheters for prevention. impregnated versus
USA non-impregnated PICCs.
Brodnik et al. [11], 2023
PICC Line Occlusions: To identify factors that Descriptive Maintenance:
Implications and affect PICC occlusion P -Flush the PICC lumens after each use and frequently if
- X correlational . . - .
Opportunities for rates in stud intravenous fluids are administered continuously.
Medical-Surgical Nurses. hospitalized patients. y

USA

Gupta et al. [36], 2021
Tunneled and routine
peripherally inserted
central catheters placement
in adult and pediatric
population: review,
technical feasibility, and
troubleshooting.
USA

To discuss indications,
contraindications,
procedural techniques,
imaging, routine care,
and tunneled PICCs.

Literature review

Pre-procedure:

-Perform a detailed review of the patient’s medical and
surgical history.

-Observe imaging exams before PICC placement.

-Optimize the patient’s coagulation profile when a history of
coagulopathy or anticoagulant/antiplatelet therapy is present.
-Choose a smaller gauge needle to reduce the risk of bleeding.
-Select alternative extremities in people who need repeated
PICC placement.

-Complete a preliminary assessment of the vasculature using
US imaging.

-Select the vein to be punctured:

e  The basilic vein is always preferable for the initial
access attempt;

e  The brachial vein should be the second choice;

. The cephalic vein is the least indicated and is associated
with a higher incidence of thrombosis.

-Avoid placing the access in the antecubital fossa.

-Select the smallest gauge PICC (catheter size should be less than
45% of the vein diameter).

-Use antimicrobial PICC to reduce the risk of infection.

-Use a peri-procedural checklist during PICC insertion.

During the procedure:

-Administer sedative therapy to adults with significant anxiety or
cognitive impairment.

-Perform the PICC insertion procedure under US or

fluoroscopic guidance.

-Adapt the length of the PICC to the patient and document the
measurement used.

-Fix the PICC with an adhesive stabilization device or by sutures.
Post-procedure:

-Confirm the positioning of the PICC tip at the cavo-atrial
junction by fluoroscopy, intracavitary EKG, or chest X-ray.
Maintenance:

-Use heparin as a PICC-blocking solution.

Team management:

-Train the nursing team on how to handle and manage the PICC.
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Table 2. Cont.

Author/Year/Title/Country Aim Study Design Interventions/Categories
Krein et ?l‘ [14], 2019 To identify the prevalence
Use of designated nurse £ desienated nurse PICC
PICC teams and CLABSI Of designated hurse Quantitative

prevention practices among
US hospitals: A
survey-based study.
USA

teams and the factors
associated with their

existence among USA
acute care hospitals.

survey with a
random sample

Team management:
-Implement designated nurse PICC teams.

Broadhurst et al. [10], 2019
CVAA Occlusion
Management Guideline for
Central Venous Access
Devices—2nd Edition.
Canada

To review the published
literature and develop a
guideline for the
management of
CVAD occlusions.

Literature review

Maintenance:

-Perform a chest X-ray to confirm the correct positioning of

the PICC.

-Strategies to prevent occlusion of the CVAD should be carried
out routinely.

-Flush the lumens using the pulsatile or “push-pause” technique
with an appropriate amount of flushing solution.

-Minimize the number of times the CVAD is accessed.

-Flush with 0.9% sodium chloride between administering
incompatible medicines and solutions due to precipitation or
residues forming.

-For solutions that are not compatible with 0.9% sodium chloride,
use a compatible solution (e.g., dextrose in water) before and after
administering the solution and medication, followed by flushing
with 0.9% sodium chloride to clear the solution from the CVAD.
-To maintain patency in specific clinical situations, consider using
alternative solutions to block the lumens after flushing with 0.9%
sodium chloride.

Team management:

-Ensure ongoing training and validation of the skills of health
professionals responsible for the care and management of CVAD
in the following areas:

. Principles of device permeabilization;

. Assessment, prevention, and management of catheter
occlusion;

° Type of CVAD and additional characteristics;

. Documentation and continuous monitoring.

-Measuring results and including information on the type of
catheter, patient information, treatment details, and occlusion
management methods.

Registered Nurses
Association of
Ontario [4], 2021
Vascular Access
Best Practice
Guideline—2nd Edition
Canada

Provide evidence-based
recommendations and
resources for inserting,

assessing, and
maintaining CVADs.

Systematic
Review

Pre-procedure:

-Perform a systematic assessment of the patient before inserting
a VAD.

-Provide health education to patient and their families/caregivers
about their CVAD.

During the procedure:

-Provide non-pharmacological and pharmacological pain
management strategies during the insertion of a VAD.

Team management:

-Implement practical education sessions on the insertion and
management of VADs.

-Implement vascular access specialists or teams to support the
insertion and management of VADs.

3.1. Pre-Procedure Interventions

Following the standards set forth by the RNAO [4], a systematic assessment of an indi-

vidual before inserting a VAD is a fundamental principle of good practice. Therefore, this

assessment should be conducted on all individuals who require a VAD before its insertion.

In a literature review, Gupta et al. [36] posit that conducting a comprehensive and

meticulous assessment of the individual’s medical and surgical history can mitigate the

incidence of technical challenges encountered during the PICC insertion procedure and

subsequent complications. Feng et al. [31] concurs with the position stated by Gupta

et al. [36] that this is a prophylactic measure against the mispositioning of the catheter. Such

an approach enables identifying any existing or potential predisposition to altered vascular
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anatomy, particularly the lateral thoracic vein, which can become dilated in certain clinical
conditions, thereby increasing the probability of PICC becoming dislodged. Moreover,
Gupta et al. [36] suggest that examining imaging records before the insertion of the PICC
can facilitate the identification of these variations in vascular morphology.

A comprehensive review of the individual’s vascular access history before the pro-
cedure enables the identification of an alternative extremity for those requiring repeated
PICC placements, thereby reducing the risk of injury and stenosis [36].

To mitigate the risk of thrombosis associated with PICC, Chen et al. [30] recommend
that the initial assessment be conducted with a particular focus on individuals with iden-
tified risk factors, including a history of smoking, antineoplastic therapy (carboplatin or
docetaxel), elevated D-dimer levels, and selecting the appropriate size of the PICC to be
inserted. Nurses play a pivotal role in this process, as they must adapt the size of the
PICC to align with the individual’s treatment requirements and vascular system. This
is particularly important, as larger catheters have been associated with an elevated risk
of endothelial damage and vascular reactivity [4,30]. Gupta et al. [36] concur and posit
that the size of the catheter should be less than 45% of the diameter of the vein where it
will be inserted, with the utilization of PICCs with a diminished number of lumens being
associated with a reduced risk of thrombosis.

To select the appropriate catheter size, it is essential to conduct a preliminary assess-
ment of the individual’s vasculature using US [4,36]. This enables the mapping of available
veins and the evaluation of their permeability, compressibility, and diameter. The basilic
vein constitutes the optimal choice for the initial access attempt, as it can be readily identi-
fied in the medial region of the arm. The brachial vein may be considered the second most
suitable option, while the cephalic vein is the least preferable due to its high anatomical
variability and association with a higher incidence of thrombosis [36].

Patients with elevated D-dimer levels (>0.55 mg/L) require careful assessment, referral,
and, if indicated, the initiation of prophylactic anticoagulant therapy [30]. Conversely, a
review of the clinical history of coagulopathy or anticoagulant/antiplatelet therapy enables
the identification of individuals at the highest risk of bleeding complications. This allows
for the implementation of a preventive approach by optimizing the coagulation profile
before the procedure [36]. Additionally, Gupta et al. [36] indicate that selecting a smaller
gauge needle may reduce bleeding risk.

The selection of the PICC material is crucial to reducing the potential for infection.
Gupta et al. [36] posit that utilizing antimicrobial PICCs can mitigate the risk of infec-
tion. This conclusion is supported by the study conducted by Kagan et al. [29], which
demonstrated that the utilization of PICCs lacking antimicrobial impregnation represents
a significant risk factor for catheter-associated bloodstream infection. The authors thus
propose that using PICC catheters impregnated with antimicrobials should be considered
for all individuals, not merely in high-risk settings.

The selection of the optimal site for PICC insertion is also a component of the pre-
procedural assessment. Ying et al. [32] sought to investigate the influence of this decision
on the incidence of catheter-related complications and the level of comfort experienced by
the individual. Their findings indicated that inserting the PICC in non-dominant arms was
associated with a reduced risk of complications, including catheter occlusion and bleeding
at the insertion site, while providing a superior comfort level for the individual. Gupta
et al. [36] assert that minimizing patient discomfort after the procedure is contingent upon
avoiding placement of the access in the antecubital fossa.

Gupta et al. [36] propose that the PICC insertion procedure should be monitored using
a checklist initiated in the pre-procedure phase and concluded in the post-procedure phase.
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This is proposed as a preventative measure for the occurrence of iatrogenic adverse events,
such as retained guidewires.

3.2. During Procedure Interventions

Pain management during the PICC insertion procedure should be planned to ensure
patient comfort and satisfaction and reduce fear and anxiety, particularly in cases where
the patient exhibits a needle phobia [4]. In this regard, the RNAO [4] advises implementing
non-pharmacological and pharmacological pain management strategies during catheter in-
sertion, considering the individual’s preferences and past experiences. Gupta et al. [36] state
that sedation is only indicated in adults with significant anxiety or cognitive impairment.

Regarding the actual insertion of PICC, as a means of guiding the puncture and
reducing the risk of misplacement, Feng et al. [31] and Gupta et al. [36] recommend
that the procedure be guided by real-time imaging using US and intracavitary EKG or
fluoroscopy. According to these authors, this approach improves anatomical orientation
and visualization of the surrounding structures. However, Feng et al. [31] suggest that
when there is a history of dilation of the lateral thoracic vein, fluoroscopy is the preferred
method, as this allows for continuous monitoring of the catheter throughout the procedure,
enabling prompt identification of any displacement of the catheter tip.

Another intervention that allows the PICC to be correctly positioned at the cavo-atrial
junction, which refers to the point where the superior vena cava meets and merges with
the upper wall of the right atrium [10], consists of adapting the length of the catheter to
the individual in whom it will be placed through specific measurements to be taken at the
beginning of the procedure [36].

Once inserted, the PICC should be secured to the skin to prevent displacement. Ad-
hesive stabilization devices like StatLock™ (Bard, Covington, GA, USA) or sutures may
be employed [36]. Padilla-Nula et al. [35] propose the addition of cyanoacrylate glue to
the fixation of the PICC in their randomized controlled study;, citing a lower incidence of
peri-catheter bleeding and exudation and a lower incidence of displacement.

3.3. Maintenance Interventions

Broadhurst et al. [10] stated that the frequency of catheter access should be limited
to reduce the likelihood of occlusion. Brodnik et al. [11] also propose that the risk of
PICC occlusion can be mitigated by flushing the lumens after each catheter use and more
frequently if intravenous fluids are being administered continuously.

Moreover, Broadhurst et al. [10] propose that lumen flushing should be conducted with
0.9% sodium chloride through the pulsatile or “push-pause” technique, not only following
each catheter utilization but also between the administration of incompatible drugs, thus
preventing the formation of precipitation or residues that could potentially occlude the
lumen. Suppose the administered therapy is incompatible with sodium chloride. In that
case, a compatible solution should be used instead, such as dextrose in water, and then the
lumen should be flushed once more with 0.9% sodium chloride [10].

As Gupta et al. [36] indicate, it is suggested that PICC lumens be heparinized to
maintain their permeability. In certain clinical scenarios, Broadhurst et al. [10] propose
that alternative lumen-blocking solutions, such as heparin, sterile ethanol, taurolidine,
sodium citrate, and ethylenediamine tetraacetic acid (EDTA), may be considered following
flushing with 0.9% sodium chloride. Nevertheless, potential risks must be considered, such
as heparin-induced thrombocytopenia, which can occur at any dosage [10].

Observing aseptic precautions when handling PICC is a fundamental aspect of pre-
venting PICC-related infection, as outlined by Gupta et al. [36]. Furthermore, utilizing an
antimicrobial disk, such as the BioPatch® protective disk impregnated with chlorohexidine,
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at the PICC insertion site has been demonstrated to diminish the likelihood of this adverse
event [36].

When clinically indicated, the PICC can be safely removed without difficulty. However,
the length of the removed PICC should be measured and compared with the measurement
recorded at the time of insertion to rule out the possibility of rupture [36].

A systematic literature review conducted by the RNAO [4] indicates that providing
health education to individuals and their families/caregivers regarding their VAD can
reduce complications and enhance satisfaction and comfort regarding healthcare when
involved in the process.

3.4. Post-Procedure Interventions

Following the completion of the PICC insertion procedure, it is imperative to con-
firm the location of the catheter tip in the cavo-atrial junction. If the procedure was
performed with the assistance of fluoroscopy, the positioning would be confirmed via this
modality [31,36]. Alternatively, as proposed by the same authors, intracavitary EKG can be
employed as a highly accurate non-invasive method.

In the absence of imaging-based guidance during the PICC insertion procedure, ra-
diographic post-procedure control is necessary to avoid potential complications, such as
thrombus formation and catheter occlusion, vascular perforation, bleeding, and cardiac
tamponade, as this allows for direct observation of the catheter’s path, the catheter’s tip
location, and the catheter’s position, including whether it is misplaced, kinked, or if the
catheter’s length is inadequate [10,31,36].

3.5. Team Management Interventions

Five authors [4,10,28,33,36] highlight the need for training healthcare professionals
responsible for inserting, maintaining, and managing PICC lines to prevent potential
complications associated with these catheters. Gupta et al. [36] propose that nurses who
have undergone specialized training should conduct PICC insertion and maintenance. The
entire nursing team should receive education on properly handling these catheters.

Bozaan et al. [28] implemented a multimodal strategy that included training all profes-
sionals involved in the PICC selection and insertion process on indications for appropriate
PICC use and selection of the most appropriate PICC type. Implementing the single-lumen
PICC as the standard device in the electronic prescription system and precisely defining the
criteria for the proper use of the multi-lumen PICC resulted in a notable improvement in its
appropriateness and decreased complications, including infection and catheter occlusion.

Broadhurst et al. [10] state that continuing education for healthcare professionals and
validating their skills are guaranteed to prevent PICC occlusion. This must include training
in the following areas: device permeabilization, assessment, prevention, and management
of catheter occlusion; type of CVAD and additional characteristics; maintenance of records;
ongoing surveillance and monitoring of results [10].

Zheng et al. [33] revealed that nurses who have yet to undergo specialization in the
field of PICC demonstrate a more limited understanding of the prevention and manage-
ment of drug-induced catheter occlusion. Moreover, the researchers determined that the
paucity of time and communication breakdowns between nurses, the PICC specialist team,
and the pharmaceutical professional contribute to an elevated incidence of this compli-
cation. The researchers thus conclude that targeted interventions to reduce the incidence
of drug-induced PICC occlusion should encompass adjustments to the nurse-to-patient
ratio, enhancements to the competencies of the nursing staff involved in catheter manage-
ment, and improvements in communication between the various professionals involved in
the process.
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In 2021, the RNAO [4] recommended implementing practical education sessions on
inserting and managing VADs. By their guideline, such sessions should encompass skills
practice, supervised insertion and management of PICC, and practical training, which may
include training in a high-fidelity simulation laboratory.

Implementing specialized nursing teams dedicated to vascular access appears to be an
effective intervention strategy for preventing complications, as evidenced by three articles
in the literature [4,14,34]. Cortés et al. [34] conducted a study to evaluate the outcome
indicators of a nurse-led Specialized Vascular Access Program. The indicators assessed
included the time to catheter placement, the appropriate use of PICCs, the percentage
of US-guided catheter insertion, the percentage of successful first insertion attempts, the
length of time the catheter remained in place, and the rate of associated infections. The
program demonstrated positive outcomes in all of these indicators, thereby underscoring
the significance of establishing teams of nurses with expertise in vascular access to enhance
outcomes and improve the quality and safety of care.

Krein et al. [14] found that the provision of care by teams of nurses with specialized
training in PICC placement is associated with a higher level of adherence to evidence-based
practices for the prevention of catheter-related infection.

In its systematic review of the literature, the RNAO [4] recommends implementing
vascular access specialist teams (VASTs) to support the insertion and management of VADs.
This recommendation is based on the evidence that these teams can reduce the incidence of
associated complications.

4. Discussion

This review presents a comprehensive overview of nursing interventions to prevent
complications in patients with PICC.

The variety of articles from disparate countries may indicate that nurses worldwide
are concerned about the pursuit of enhanced care to prevent complications associated with
PICC, and efforts are ongoing in numerous countries worldwide.

Nurses implement interventions to prevent PICC-related complications at each stage
of the process, including the planning, insertion, maintenance, and removal of the catheter.

Several authors have proposed that a comprehensive and systematic evaluation of
the individual with an indication for PICC insertion is a crucial intervention, as it enables
the identification of risk factors and previous medical or surgical conditions that could
potentially result in complications [4,30,31,36].

A comprehensive initial assessment should encompass an evaluation of the available
veins, recent and past history with vascular access, comorbidities that may influence the
risk of infection or other complications such as hemorrhagic or thrombotic, the critical or
chronic nature of the disease, the type and duration of treatment, future needs, specific
access requirements, and the individual’s preferences, as these factors are integral to the
determination of the level of risk and the optimal type, size, and insertion site of the device
that best aligns with the individual’s needs [4,38—40]. This specific approach to assess-
ing and selecting the VAD has resulted in successful placement with a low incidence of
complications during and after the procedure, allowing for the preservation of the vascu-
lar anatomy and the continuation of treatment without interruption and with enhanced
reliability [40,41].

Over the past two decades, many factors have contributed to improving the safety of
the PICC insertion procedure. The most notable of these is the increasing utilization of US
technology at various stages of the procedure [38].

As stated by Feng et al. [31] and Gupta et al. [36], using the US to guide the PICC
insertion procedure represents a fundamental intervention. Incorrect catheter positioning
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can result in malfunction and an elevated risk of complications [42,43]. This is consistent
with the recommendations of the American Institute of Ultrasound in Medicine (AIUM) [44]
in its guidelines defining the criteria for using the US in guiding vascular access procedures.
The AIUM guideline states that PICC insertion should be performed under US guidance,
as this improves the vascular assessment technique, allows for the selection of an optimal
vein for puncture, and increases the success rate of insertion while reducing complications,
particularly the risk of thrombosis.

Brescia et al. [38] developed a safe PICC insertion protocol (SIP protocol), which
integrates eight strategies to enhance the procedure’s safety, efficacy, and cost-effectiveness.
Of the eight strategies, six employ the use of US, including the assessment of the vascular
system before the procedure, the selection of the appropriate vein and catheter gauge, the
identification of the median nerve and brachial artery, the guidance of the venipuncture,
the monitoring of the catheter tip’s progression, and the assessment of the location of the
PICC tip. Nevertheless, this approach does not eliminate the necessity for verifying the
catheter tip’s position at the cavo-atrial junction through EKG guidance or, in the absence of
this, by a chest X-ray by the recommendations set forth by Feng et al. [31], Gupta et al. [36],
and Broadhurst et al. [10].

Another intervention identified as preventing further complications in this review is
selecting the PICC gauge. A PICC catheter that occupies more than a third of the diameter
of a blood vessel has been demonstrated to reduce blood flow and increase the risk of
thrombosis [40]. As stated by Chen et al. [30] and the RNAO [4], the smallest gauge PICC
that meets the individual’s needs and is adapted to their vasculature should be selected to
reduce the risk of catheter-related thrombosis. Gupta et al. [36] posit that the catheter size
should be less than 45% of the vein diameter. Conversely, Brescia et al. [38] argue that the
ideal scenario is for the vein diameter to be at least three times greater than the catheter size,
occupying only 33% of the diameter. This assessment should be performed using the US.

The utilization of sutures to secure the PICC has been associated with an increased
risk of infection at the catheter insertion site, tissue damage, and catheter displacement [38].
Consequently, this approach has been discouraged. As an alternative, adhesive-based
fixation devices, subcutaneous tissue anchoring, and cyanoacrylate glue with a transparent
dressing to protect the skin have been demonstrated to reduce the risk of bleeding and
bacterial contamination [35,38]. In the study conducted by Padilla-Nula et al. [35], a
lower incidence of peri-catheter bleeding and exudation and a lower incidence of catheter
displacement were observed when a sutureless device plus transparent dressing was used
in comparison to the same fixation method plus the application of cyanoacrylate glue.
However, no statistically significant differences were observed in the incidence of phlebitis
or pain related to the catheter [35].

One critical area that requires particular attention in preventing complications is
the management of biofilm formation on the catheter surface. Biofilm is recognized as a
significant contributor to catheter-related bloodstream infections and other complications
such as thrombosis and occlusion. Studies highlight the importance of implementing
targeted strategies to prevent biofilm formation [45-47].

It is recommended that interventions to maintain the permeability of the PICC should
be carried out regularly to prevent potential complications associated with the catheter’s
use, namely occlusion, thrombosis, infection, and delays or interruptions in therapy admin-
istration [10].

The evidence suggests that the selection of single-lumen PICCs is associated with
a lower risk of complications [28,40,48] and the implementation of aseptic precautions
during catheter handling, which reduces the risk of infection [36]. Moreover, maintaining
the permeability of the lumens through frequent flushing and whenever therapy is admin-
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istered is a recommended intervention for preventing occlusion [10,11,49]. Nevertheless,
the optimal frequency for these flushes has yet to be established, and the relevance of such
a determination remains unclear [9,11].

In addition to the practical component of the procedure, the evidence indicates that
continuous education and validation of the skills of healthcare professionals responsible
for the care and management of PICCs represent key factors in preventing complica-
tions [4,10,28,33,36]. Although the US offers distinct advantages in assessing and inserting
PICCs, it requires training and must be carried out by qualified professionals [40]. Similarly,
the AIUM [44] states that nurses who perform this procedure should receive adequate train-
ing in using the US. This is consistent with the recommendations set forth by the RNAO [4]
regarding the practical education of healthcare professionals, as evidence suggests that
such education increases the number of successful insertion attempts, potentially reduces
catheter-related complications, and may improve the professional’s confidence in perform-
ing the procedure. Furthermore, the importance of education extends beyond healthcare
professionals to include patients themselves. Providing patients with education about
their vascular access devices is a critical aspect of nursing care, as it not only empowers
them with the knowledge to participate in their own care but also contributes to reducing
complications. When patients are informed about proper care, maintenance, and potential
signs of complications, such as infection or thrombosis, they are better equipped to adhere
to care recommendations, recognize early warning signs, and seek timely intervention.

Therefore, teams of nurses who have undergone specialized training in vascular access
to insert and manage these devices are proposed to produce indicators, reducing complica-
tions and, consequently, health costs [4,14,34]. Krein et al. [14] found that teams of nurses
with expertise in PICC placement demonstrate a higher level of adherence to evidence-
based practices, including using maximum barrier precautions, chlorhexidine disinfection
of the insertion site, and using checklists during the insertion procedure. In their study,
Kagan et al. [29] observed a lower incidence of PICC catheter-associated infection when
placed by the nurse venous access team compared to interventional radiologists.

The professionals who compose these teams obtain knowledge and skills through
formal training supported by scientific evidence, which enhances VAD success, reduces the
number of insertion attempts, and mitigates associated complications such as infection and
thrombosis [4,14,34,50-52] as a consequence of team dynamic and the meticulous manner in
which they conduct their activities, consistently supported by the most advanced scientific
evidence, with comprehensive educational and training programs that are integrated into
their practice regularly and subject to periodic review [13,40,53]. Moreover, they provide
training for other healthcare professionals within the institution, ensuring local practices
align with the most current evidence-based standards [13,54]. Mussa et al. [13] propose
that the optimization of care for individuals with VADs should be regarded as a distinct
specialty, encompassing device selection, insertion, maintenance, and removal, based on
the principle of selecting the right device for the right patient and the right treatment by
the right professional.

Overall, this review highlights nurses’ significant role in preventing complications
associated with PICC. However, nursing practices regarding PICC insertion and manage-
ment vary across countries, influenced by factors such as healthcare system structures,
professional regulations, and available resources [55,56]. In some countries, vascular ac-
cess teams are composed exclusively of nurses, strongly emphasizing nurse specialization
in this area. Conversely, in other nations, these teams often include a mix of healthcare
professionals, suggesting differing scopes of practice and interprofessional dynamics.

The prevalence of specialized vascular access teams in hospitals demonstrates a sys-
temic prioritization of PICC expertise. These teams are frequently led by nurses who
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have undergone advanced PICC placement and management training, underscoring the
importance of standardized education and skill validation. Meanwhile, in countries like
Portugal, PICC insertion within the nursing practice is relatively recent, requiring targeted
training initiatives and institutional protocols to ensure safe and effective care.

The differences in training programs across countries can profoundly influence out-
comes and patient safety. In regions where standardized, evidence-based training is widely
available, nurses are better equipped with the necessary skills and knowledge to prevent
PICC-related complications, such as infection or occlusion. In contrast, regions with limited
access to such training may face higher complication rates, highlighting the critical link
between education and patient safety.

Additionally, the availability of professional development opportunities varies widely.
While some nations offer robust continuing education programs and active professional
associations dedicated to vascular access, others may lack the infrastructure to support
ongoing skill enhancement. This discrepancy affects the consistency of nursing care and
the confidence and competence of nurses performing PICC-related procedures.

These variations may also stem from disparities in access to resources, such as ultra-
sound technology for guided PICC insertion, and differences in educational frameworks.

Understanding these global differences is essential for identifying best practices that
can be adapted across diverse healthcare settings. Future efforts should focus on harmo-
nizing PICC-related nursing practices through international collaborations, establishing
universal guidelines, and sharing evidence-based strategies. Expanding access to high-
quality training programs and fostering global knowledge exchange would enhance pa-
tient outcomes and promote a more cohesive and equitable approach to vascular access
care worldwide.

Limitations

This review provides significant value by identifying and detailing nurse-led interven-
tions to prevent complications associated with procedures, such as nurse-performed PICC
placement, serving as a guide for healthcare professionals. However, the review has certain
limitations. Firstly, due to the nature of a scoping review, the interventions identified were
not analyzed in terms of effectiveness. Secondly, the methodological choices regarding
selecting databases, descriptors, temporal limits, and language restrictions to English and
Portuguese may have introduced a language bias, potentially excluding relevant studies
published in other languages. Additionally, the regional focus of the studies conducted
in specific countries may have limited the generalizability of the findings. Variations in
healthcare systems, professional roles, and nursing practices across different regions could
influence the applicability of these interventions. Furthermore, the primary limitations
identified in the studies, such as lack of standardized protocols, and methodological dif-
ferences, may have also influenced the results. These factors should be considered when
interpreting the conclusions of the review. Future research should include a broader linguis-
tic and geographic scope to provide a more comprehensive understanding of PICC-related
nursing practices.

5. Conclusions

This scoping review provides an overview of the current literature on nursing inter-
ventions to prevent complications associated with PICC. The review highlights the crucial
role of nursing involvement at each stage of the process, from the initial planning stage to
the actual removal of the PICC, in improving health outcomes and enhancing the quality
and safety of care provided to individuals with PICC.
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The stage preceding the PICC insertion procedure is critical in reducing the risk of
complications associated with the catheter. This is contingent upon conducting a com-
prehensive and personalized assessment of the individual characteristics of the patient
who requires a PICC. Furthermore, the incorporation of US at multiple stages of the pro-
cedure, intracavitary EKG for the positioning of the PICC tip, fixation without sutures,
and cyanoacrylate glue enhances the safety profile and cost-effectiveness of the procedure.
Several studies have indicated that a team-based approach to assessing, inserting, and main-
taining VADs can improve clinical outcomes, patient experience, and healthcare processes,
thereby enhancing the quality of care provided in vascular access within an organization.

Further research is suggested to enhance comprehension of the function, struc-
ture, and methodological aspects of specially trained teams designated for inserting and
managing PICCs.

Author Contributions: Conceptualization, A.V. and C.C.; methodology, AV. and C.C.; formal analysis,
AV, C.C.and].B.E; investigation, A.V,, C.C. and ].B.F,; data curation, A.V. and C.C.; writing—original
draft preparation A.V., C.C. and ].B.E; writing—review and editing A.V., C.C. and J.B.F; visualization,
AV, C.C. and ].B.F; supervision, C.C.; project administration, A.V. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

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

Acknowledgments: The authors thank FCT/MCTES for the financial support to CiiEM (UIDB/
04585/2020) through national funds.

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

References

1. Lima, A.F.C,; Saba, A.; Berger, S.; Bianchini, S.S.; Berssaneti, ET. Preventive Risk Analysis in the Maintenance of Patency of the
Peripherally Inserted Central Catheter. Rev. Da Esc. De Enferm. Da USP 2019, 53, e03462. [CrossRef] [PubMed]

2. Takashima, M.; Schults, J.; Mihala, G.; Corley, A.; Ullman, A. Complication and Failures of Central Vascular Access Device in
Adult Critical Care Settings. Crit. Care Med. 2018, 46, 1998-2009. [CrossRef] [PubMed]

3. Wallis, M.C.; McGrail, M.; Webster, ].; Marsh, N.; Gowardman, J.; Playford, E.G.; Rickard, C.M. Risk Factors for Peripheral
Intravenous Catheter Failure: A Multivariate Analysis of Data from a Randomized Controlled Trial. Infect. Control Hosp. Epidemiol.
2014, 35, 63-68. [CrossRef] [PubMed]

4. Registered Nurses” Association of Ontario (RNAO). Best Practice Guidelines Vascular Access, 2nd ed.; RNAO: Toronto, ON, Canada,
2021. Available online: https://rnao.ca/bpg/guidelines/Vascular_Access (accessed on 10 October 2023).

5. DiSanto, M.K.; Takemoto, D.; Nascimento, R.G.; Nascimento, A.M.; Siqueira, E.; Duarte, C.T.; Jovino, M.A.C.; Kalil, J.A. Cateteres
Venosos Centrais de Insergao Periférica: Alternativa Ou Primeira Escolha Em Acesso Vascular? J. Vasc. Bras. 2017, 16, 104-112.
[CrossRef]

6. Chopra, V.; O'Malley, M.; Horowitz, J.; Zhang, Q.; McLaughlin, E.; Saint, S.; Bernstein, S.J.; Flanders, S. Improving Peripher-
ally Inserted Central Catheter Appropriateness and Reducing Device-Related Complications: A Quasiexperimental Study in
52 Michigan Hospitals. BM] Qual. Saf. 2021, 31, 23-30. [CrossRef]

7. Chopra, V,; Smith, S.; Swaminathan, L.; Boldenow, T.; Kaatz, S.; Bernstein, S.J.; Flanders, S.A. Variations in Peripherally Inserted
Central Catheter Use and Outcomes in Michigan Hospitals. JAMA Intern. Med. 2016, 176, 548. [CrossRef]

8. Mitbander, U.B.; Geer, M.].; Taxbro, K.; Horowitz, ] K.; Zhang, Q.; O'Malley, M.E.; Ramnath, N.; Chopra, V. Patterns of Use and
Outcomes of Peripherally Inserted Central Catheters in Hospitalized Patients with Solid Tumors: A Multicenter Study. Cancer
2022, 128, 3681-3690. [CrossRef]

9.  Smith, S.N.; Moureau, N.; Vaughn, V.M.; Boldenow, T.; Kaatz, S.; Grant, PJ.; Bernstein, S.J.; Flanders, S.A.; Chopra, V. Patterns

and Predictors of Peripherally Inserted Central Catheter Occlusion: The 3P-O Study. J. Vasc. Interv. Radiol. 2017, 28, 749-756.€2.
[CrossRef]


https://doi.org/10.1590/s1980-220x2018011803462
https://www.ncbi.nlm.nih.gov/pubmed/31291392
https://doi.org/10.1097/CCM.0000000000003370
https://www.ncbi.nlm.nih.gov/pubmed/30095499
https://doi.org/10.1086/674398
https://www.ncbi.nlm.nih.gov/pubmed/24334800
https://rnao.ca/bpg/guidelines/Vascular_Access
https://doi.org/10.1590/1677-5449.011516
https://doi.org/10.1136/bmjqs-2021-013015
https://doi.org/10.1001/jamainternmed.2015.8402
https://doi.org/10.1002/cncr.34410
https://doi.org/10.1016/j.jvir.2017.02.005

J. Clin. Med. 2025, 14, 89 17 of 19

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Broadhurst, D.; Cernusca, C.; Cook, C.; Hill, J.; Naayer, K.; Paquet, F.; Raynak, A. CVAA Occlusion Management Guideline for
Central Venous Access Devices. 2nd ed. Vasc. Access 2019, 13, 1-30. Available online: https://www.gavecelt.it/nuovo/sites/
default/files /uploads/CVAA%200cclusion%?20guidelines%202019.pdf (accessed on 10 October 2023).

Brodnik, J.E.; Lieux, S.M.; Serrano-Smith, M.; Bena, J.F.; Siedlecki, S.L. PICC line occlusions: Implications and opportunities for
medical-surgical nurses. MedSurg Nurs. 2023, 32, 305-310. [CrossRef]

Castro-Sanchez, E.; Charani, E.; Drumright, L.N.; Sevdalis, N.; Shah, N.; Holmes, A.H. Fragmentation of Care Threatens Patient
Safety in Peripheral Vascular Catheter Management in Acute Care—A Qualitative Study. PLoS ONE 2014, 9, e86167. [CrossRef]
[PubMed]

Mussa, B.; Pinelli, F.; Rey, N.C.; Caguioa, J.; Van Loon, EH.J.; Mozas, G.M.; Teichgréber, U.; Lepelletier, D. Qualitative Interviews
and Supporting Evidence to Identify the Positive Impacts of Multidisciplinary Vascular Access Teams. Hosp. Pract. 2021, 49,
141-150. [CrossRef] [PubMed]

Krein, S.L.; Kuhn, L.; Ratz, D.; Chopra, V. Use of Designated Nurse PICC Teams and CLABSI Prevention Practices among US
Hospitals: A Survey-Based Study. J. Patient Saf. 2019, 15, 293-295. [CrossRef] [PubMed]

Krein, S.L.; Harrod, M.; Weston, L.E.; Garlick, B.R.; Quinn, M.; Fletcher, K.E.; Chopra, V. Comparing peripherally inserted central
catheter-related practices across hospitals with different insertion models: A multisite qualitative study. BMJ Qual. Saf. 2021, 30,
628-638. [CrossRef]

Quinn, M.; Horowitz, ].K,; Krein, S.L.; Gaston, A.; Ullman, A.; Chopra, V. The role of hospital-based vascular access teams and
implications for patient safety: A multi-methods study. |. Hosp. Med. 2024, 19, 13-23. [CrossRef]

Gabriel, J. Peripherally inserted central catheters: Expanding UK nurses’ practice. Br. J. Nurs. 1996, 5, 71-74. [CrossRef]
Harrod, M.; Montoya, A.; Mody, L.; McGuirk, H.; Winter, S.; Chopra, V. Challenges for Nurses Caring for Individuals with
Peripherally Inserted Central Catheters in Skilled Nursing Facilities. . Am. Geriatr. Soc. 2016, 64, 2059-2064. [CrossRef]

Ordem dos Enfermeiros. Parecer do Conselho de Enfermagem n° 29/2020 Introducao de Cateter Central de Insercao Periférica
por Enfermeiros. OE. 2020. Available online: https://www.ordemenfermeiros.pt/media/19888/parecer-ce-n%C2%BA-29_2020_
anonimizado.pdf (accessed on 11 October 2023).

Franco-Sadud, R.; Schnobrich, D.; Mathews, B.K.; Candotti, C.; Abdel-Ghani, S.; Perez, M.G.; Rodgers, S.C.; Mader, M.].; Haro,
E.K,; Dancel, R.; et al. Recommendations on the Use of Ultrasound Guidance for Central and Peripheral Vascular Access in
Adults: A Position Statement of the Society of Hospital Medicine. ]. Hosp. Med. 2019, 14, E1-E22. [CrossRef]

Abd Rahman, A.B.; Juhim, F.; Chee, EP,; Bade, A.; Kadir, F. Near Infrared Illumination Optimization for Vein Detection: Hardware
and Software Approaches. Appl. Sci. 2022, 12, 11173. [CrossRef]

Wu, Y; Liu, Y.; Wang, B.; Feng, B. Efficacy of antimicrobial peripherally inserted central catheters in line-associated bloodstream
infections: A systematic review and meta-analysis. Am. |. Infect. Control. 2023, 51, 1425-1429. [CrossRef]

Tomaszewski, K.J.; Ferko, N.; Hollmann, S.S.; Eng, S.C.; Richard, H.M.; Rowe, L.; Sproule, S. Time and resources of peripherally
inserted central catheter insertion procedures: A comparison between blind insertion/chest X-ray and a real time tip navigation
and confirmation system. Clin. Outcomes Res. CEOR 2017, 9, 115-125. [CrossRef] [PubMed]

Raynak, A.; Paquet, F,; Marchionni, C.; Lok, V.; Gauthier, M.; Frati, F. Nurses’ Knowledge on Routine Care and Maintenance of
Adult Vascular Access Devices: A Scoping Review. |. Clin. Nurs. 2020, 29, 3905-3921. [CrossRef] [PubMed]

World Health Organization. Integrated Health Services (IHS) Patient Safety: Making Health Care Safer. Available online:
https:/ /www.who.int/publications/i/item/WHO-HIS-SDS-2017.11 (accessed on 12 October 2023).

Peters, M.D.].; Marnie, C.; Tricco, A.C.; Pollock, D.; Munn, Z.; Alexander, L.; McInerney, P.; Godfrey, C.M.; Khalil, H. Updated
Methodological Guidance for the Conduct of Scoping Reviews. [BI Evid. Implement. 2021, 19, 3-10. [CrossRef] [PubMed]
Tricco, A.C.; Lillie, E.; Zarin, W.; O’'Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.;
et al. PRISMA Extension for Scoping Reviews (PRISMA-SCR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
[CrossRef]

Bozaan, D.; Skicki, D.; Brancaccio, A.; Snyder, A.; Friebe, S.; Tupps, M.; Paje, D.; Chopra, V. Less Lumens-Less Risk: A Pilot
Intervention to Increase the Use of Single-Lumen Peripherally Inserted Central Catheters. . Hosp. Med. 2019, 14, 42—46. [CrossRef]
Kagan, E.; Salgado, C.D.; Banks, A.L.; Marculescu, C.E.; Cantey, ].R. Peripherally Inserted Central Catheter—Associated Blood-
stream Infection: Risk Factors and the Role of Antibiotic-Impregnated Catheters for Prevention. Am. . Infect. Control 2018, 47,
191-195. [CrossRef]

Chen, P; Wan, G.; Zhu, B. Incidence and Risk Factors of Symptomatic Thrombosis Related to Peripherally Inserted Central
Catheter in Patients with Lung Cancer. J. Adv. Nurs. 2020, 77, 1284-1292. [CrossRef]

Feng, L.; Chen, H.; Zhang, X; Tao, L.; Liu, C.; Fu, L. A Peripherally Inserted Central Catheter Misplacement into Lateral Thoracic
Vein: A Case Report. Intensive Crit. Care Nurs. 2020, 59, 102852. [CrossRef]

Ying, S.; Liping, Z.; Zhulin, G.; Yanhong, D.; Liang, G. Impact of Arm Choice for Peripherally Inserted Central Catheter (PICC)
Insertion on Patients: A Cross-Sectional Study. Contemp. Nurse 2020, 56, 80-89. [CrossRef]


https://www.gavecelt.it/nuovo/sites/default/files/uploads/CVAA%20occlusion%20guidelines%202019.pdf
https://www.gavecelt.it/nuovo/sites/default/files/uploads/CVAA%20occlusion%20guidelines%202019.pdf
https://doi.org/10.62116/MSJ.2023.32.5.305
https://doi.org/10.1371/journal.pone.0086167
https://www.ncbi.nlm.nih.gov/pubmed/24454958
https://doi.org/10.1080/21548331.2021.1909897
https://www.ncbi.nlm.nih.gov/pubmed/33781151
https://doi.org/10.1097/PTS.0000000000000246
https://www.ncbi.nlm.nih.gov/pubmed/26558650
https://doi.org/10.1136/bmjqs-2020-011987
https://doi.org/10.1002/jhm.13253
https://doi.org/10.12968/bjon.1996.5.2.71
https://doi.org/10.1111/jgs.14341
https://www.ordemenfermeiros.pt/media/19888/parecer-ce-n%C2%BA-29_2020_anonimizado.pdf
https://www.ordemenfermeiros.pt/media/19888/parecer-ce-n%C2%BA-29_2020_anonimizado.pdf
https://doi.org/10.12788/jhm.3287
https://doi.org/10.3390/app122111173
https://doi.org/10.1016/j.ajic.2023.04.163
https://doi.org/10.2147/CEOR.S121230
https://www.ncbi.nlm.nih.gov/pubmed/28223832
https://doi.org/10.1111/jocn.15419
https://www.ncbi.nlm.nih.gov/pubmed/32668061
https://www.who.int/publications/i/item/WHO-HIS-SDS-2017.11
https://doi.org/10.1097/XEB.0000000000000277
https://www.ncbi.nlm.nih.gov/pubmed/33570328
https://doi.org/10.7326/M18-0850
https://doi.org/10.12788/jhm.3097
https://doi.org/10.1016/j.ajic.2018.07.006
https://doi.org/10.1111/jan.14666
https://doi.org/10.1016/j.iccn.2020.102852
https://doi.org/10.1080/10376178.2020.1741417

J. Clin. Med. 2025, 14, 89 18 of 19

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Zheng, L.-Y.; Peng, Y.; Yuan, H.; Liu, S.-X.; Xue, H.; Zhang, X.-Y. Nurses’ Knowledge of the Management of Drug-Induced
Peripherally Inserted Central Catheter Obstruction: A Descriptive Phenomenological Study. J. Vasc. Access 2020, 21, 680-686.
[CrossRef]

Cortés, O.L.; Parra, Y.M.; Torres, D.A.; Monroy, P.; Malpica, J.C.; Pérez, E.P.; Mojica, C. Evaluation of Indicators of a Vascular
Access Device Program Led by Nursing Professionals in a High-Complexity University Hospital in Colombia. Investig. Y Educ.
En Enfermeria 2022, 40, e12. [CrossRef] [PubMed]

Padilla-Nula, F; Bergua-Lorente, A.; Farrero-Mena, J.; Escola-Nogués, A.; Llauradé-Mateu, M.; Serret-Nuevo, C.; Bellon,
F. Effectiveness of Cyanoacrylate Glue in the Fixation of Midline Catheters and Peripherally Inserted Central Catheters in
Hospitalised Adult Patients: Randomised Clinical Trial (CIANO-ETI). SAGE Open Med. 2023, 11, 205031212311707. [CrossRef]
[PubMed]

Gupta, N.; Gandhi, D.; Sharma, S.; Goyal, P.; Choudhary, G.; Li, S. Tunneled and Routine Peripherally Inserted Central Catheters
Placement in Adult and Pediatric Population: Review, Technical Feasibility, and Troubleshooting. Quant. Imaging Med. Surg. 2021,
11, 1619-1627. [CrossRef] [PubMed]

Braun, V.; Clarke, V.; Hayfield, N.; Terry, G. Thematic Analysis. In Springer eBooks; Springer: Berlin/Heidelberg, Germany, 2019;
pp. 843-860.

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]

Hallam, C.; Weston, V.; Denton, A.; Hill, S.; Bodenham, A.; Dunn, H.; Jackson, T. Development of the UK Vessel Health and
Preservation (VHP) Framework: A Multi-Organisational Collaborative. J. Infect. Prev. 2016, 17, 65-72. [CrossRef]

Moureau, N.L. Vessel Health and Preservation: The Right Approach for Vascular Access, 1st ed.; Springer: Cham, Switzerland, 2019.
[CrossRef]

Chopra, V.; Flanders, S.A.; Saint, S.; Woller, S.C.; O’Grady, N.P; Safdar, N.; Trerotola, S.O.; Saran, R.; Moureau, N.; Wiseman, S.;
et al. The Michigan Appropriateness Guide for Intravenous Catheters (MAGIC): Results from a Multispecialty Panel Using the
RAND/UCLA Appropriateness Method. Ann. Intern. Med. 2015, 163, S1-S40. [CrossRef]

Gibson, F; Bodenham, A. Misplaced Central Venous Catheters: Applied Anatomy and Practical Management. Br. . Anaesth. 2013,
110, 333-346. [CrossRef]

Sancak, S.; Tuten, A.; Yildirim, T.G.; Karatekin, G. Massive Pleural Effusion on the Contralateral Side of a Venous Peripherally
Inserted Central Catheter. J. Clin. Ultrasound 2018, 46, 140-144. [CrossRef]

American Institute of Ultrasound in Medicine. AITUM Practice Parameter for the Use of Ultrasound to Guide Vascular Access
Procedures. . Ultrasound Med. 2019, 38, E4-E18. [CrossRef]

Higgins, M.; Zhang, L.; Ford, R.; Brownlie, J.; Kleidon, T.; Rickard, C.M.; Ullman, A. The microbial biofilm composition on
peripherally inserted central catheters: A comparison of polyurethane and hydrophobic catheters collected from paediatric
patients. J. Vasc. Access 2021, 22, 388-393. [CrossRef]

Ielapi, N.; Nicoletti, E.; Lore, C.; Guasticchi, G.; Avenoso, T.; Barbetta, A.; de Franciscis, S.; Andreucci, M.; Sapienza, P.; Serra,
R. The Role of Biofilm in Central Venous Catheter Related Bloodstream Infections: Evidence-based Nursing and Review of the
Literature. Rev. Recent Clin. Trials 2020, 15, 22-27. [CrossRef] [PubMed]

Niemann, B.; Dudas, L.; Gray, D.; Pettit, A.; Wilson, A.; Bardes, ].M. Biofilm Formation on Central Venous Catheters: A Pilot
Study. J. Surg. Res. 2022, 280, 123-128. [CrossRef] [PubMed]

Paje, D.; Conlon, A.; Kaatz, S.; Swaminathan, L.; Boldenow, T.; Bernstein, S.J.; Flanders, S.A.; Chopra, V. Patterns and Predictors of
Short-Term Peripherally Inserted Central Catheter Use: A Multicenter Prospective Cohort Study. J. Hosp. Med. 2018, 13, 76-82.
[CrossRef]

Gorski, L.A.; Hadaway, L.; Hagle, M.E.; Broadhurst, D.; Clare, S.; Kleidon, T.; Meyer, B.M.; Nickel, B.; Rowley, S.; Sharpe, E.; et al.
Infusion Therapy Standards of Practice, 8th Edition. J. Infus. Nurs. 2021, 44, S1-5224. [CrossRef]

Carr, PJ.; Higgins, N.S.; Cooke, M.L.; Mihala, G.; Rickard, C.M. Vascular Access Specialist Teams for Device Insertion and
Prevention of Failure. Cochrane Database Syst. Rev. 2018, 3, CD011429. [CrossRef]

Martillo, M.; Zarbiv, S.; Gupta, R.; Brito, A.; Shittu, A.; Kohli-Seth, R. A Comprehensive Vascular Access Service Can Reduce
Catheter-Associated Bloodstream Infections and Promote the Appropriate Use of Vascular Access Devices. Am. |. Infect. Control
2019, 48, 460—-464. [CrossRef]

Savage, T.].; Lynch, A.D.; Oddera, S.E. Implementation of a Vascular Access Team to Reduce Central Line Usage and Prevent
Central Line-Associated Bloodstream Infections. J. Infus. Nurs. 2019, 42, 193-196. [CrossRef]

Meyer, B.M.; Berndt, D.; Biscossi, M.; Eld, M.; Gillette-Kent, G.; Malone, A.; Wuerz, L. Vascular Access Device Care and
Management. J. Infus. Nurs. 2020, 43, 246-254. [CrossRef]

Chopra, V.; Kuhn, L.; Ratz, D.; Shader, S.; Vaughn, V.M.; Saint, S.; Krein, S.L. Vascular Access Specialist Training, Experience, and
Practice in the United States. J. Infus. Nurs. 2017, 40, 15-25. [CrossRef]


https://doi.org/10.1177/1129729819900864
https://doi.org/10.17533/udea.iee.v40n1e12
https://www.ncbi.nlm.nih.gov/pubmed/35485625
https://doi.org/10.1177/20503121231170743
https://www.ncbi.nlm.nih.gov/pubmed/37152837
https://doi.org/10.21037/qims-20-694
https://www.ncbi.nlm.nih.gov/pubmed/33816196
https://doi.org/10.1177/11297298221099838
https://doi.org/10.1177/1757177415624752
https://doi.org/10.1007/978-3-030-03149-7
https://doi.org/10.7326/M15-0744
https://doi.org/10.1093/bja/aes497
https://doi.org/10.1002/jcu.22493
https://doi.org/10.1002/jum.14954
https://doi.org/10.1177/1129729820932423
https://doi.org/10.2174/1574887114666191018144739
https://www.ncbi.nlm.nih.gov/pubmed/31656155
https://doi.org/10.1016/j.jss.2022.06.072
https://www.ncbi.nlm.nih.gov/pubmed/35964484
https://doi.org/10.12788/jhm.2847
https://doi.org/10.1097/NAN.0000000000000396
https://doi.org/10.1002/14651858.CD011429.pub2
https://doi.org/10.1016/j.ajic.2019.08.019
https://doi.org/10.1097/NAN.0000000000000328
https://doi.org/10.1097/NAN.0000000000000385
https://doi.org/10.1097/NAN.0000000000000203

J. Clin. Med. 2025, 14, 89 19 of 19

55. Heijink, R.; Engelfriet, P.; Rehnberg, C.; Kittelsen, S.A.; Hiakkinen, U.; EuroHOPE study group. A Window on Geographic
Variation in Health Care: Insights from EuroHOPE. Health Econ. 2015, 24 (Suppl. S2), 164-177. [CrossRef]

56. Troubil, M.; Capozzoli, G.; Mussa, B.; Hodne, M.; Hoerauf, K.; Alsbrooks, K. Performance and safety of PowerPICC catheters and
accessories: A prospective observational study. BMJ Open 2024, 14, €081288. [CrossRef] [PubMed]

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/10.1002/hec.3287
https://doi.org/10.1136/bmjopen-2023-081288
https://www.ncbi.nlm.nih.gov/pubmed/39349374

	Introduction 
	Methodology 
	Criteria for Inclusion 
	Search Strategy 
	Study Selection 
	Data Extraction 

	Results 
	Pre-Procedure Interventions 
	During Procedure Interventions 
	Maintenance Interventions 
	Post-Procedure Interventions 
	Team Management Interventions 

	Discussion 
	Conclusions 
	References

