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Abstract
Optimal vascular access insertion and man-
agement requires clinicians to have appropri-
ate education and skill on the best procedural 
techniques or be supervised during the process 
of acquiring the necessary education. The sec-
ond quadrant of the Vessel Health and 
Preservation (VHP) model requires a qualified 

inserter, a clinician who has undertaken a 
comprehensive clinical and vascular assess-
ment and is applying the latest evidence and 
guidelines to select the most appropriate 
device for patient treatment, leading to the 
successful insertion of a peripheral or central 
VAD. Appropriate device selection and num-
ber of necessary lumens are a determination 
made according to lowest risk for patient 
insertion and potential for infection, in con-
junction with the needs of the therapy. 
Selection of the best vascular access for the 
patient also requires an understanding of the 
most appropriate intravascular device to be 
used, influenced by infusate characteristics to 
be administered and the length of anticipated 
dwell, which in turn, influences the most 
appropriate vessel and anatomical position for 
device placement.
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4.1  Introduction

Insertion of the right device and the right inserter 
encompass the second stage of the VHP process. 
Selection of the inserter and application of infec-
tion prevention principles are contributing factors 
for patient safety. Vascular access specialists and 
teams’ function to aid in selection and insertion 
of the most appropriate device. Ensuring the 
insertion is performed by a trained and qualified 
clinician with ultrasound skills reduces insertion 
and post insertional complications. The training, 
education and competency necessary to become 
a qualified VAD inserter are discussed through-
out the rest of this chapter.

4.2  The Need for Adequate 
Education

Insertion of IV devices is a highly technical, 
high-risk procedure with greater risk to patients 
when CVADs are inserted and used (Chopra et al. 
2015). The successful insertion of vascular 
devices relies on clinician expertise which is 
determined by training, credentialing and proce-
dural volume. Historically, clinical expertise was 
seen as synonymous with the medical profession. 
Technically advanced vascular access such as 
central venous catheter (CVC) placement was the 
domain of the medical practitioner. However, 
clinical practice is continuously evolving; patient 
complexity, technology and hospital workload 
demands have spurred new clinical subspecialties 
that are changing the boundaries of traditional 
clinical work, where the medical practitioner is 
not necessarily at the centre of all clinical proce-
dures (Dowling et al. 1995; Williams et al. 1997; 
Alexandrou et al. 2010).

According to the US Food and Drug 
Administration (FDA) in a survey of 1988 and 
subsequent investigations by a Central Venous 
Catheter Working group, over 55% of all vascular 
access-related complications were attributable to 
healthcare workers (Scott 1988). Whilst these 
data are dated, this investigation indicated lack of 
training and validation of competency as a direct 
cause of complications. In current literature, this 

concept of training and validation is illustrated in 
both newer ultrasound practices and with infec-
tion reduction methods (Primdahl et  al. 2016; 
Rusche et al. 2001). Insufficient understanding of 
evidence-based assessment, selection, insertion 
and management of peripheral and central venous 
access devices leaves the patient at risk for more 
serious complications and the added trauma asso-
ciated with frequent replacement of catheters 
(Rickard et al. 2013).

Comprehensive education on VAD insertion 
including competency assessment has shown to 
reduce procedural complications in comparison 
to minimal or no education (Alsaad et al. 2017; 
Evans et al. 2010; Sherertz et al. 2000). Procedural 
load plays a significant role in successful vascu-
lar device insertion, and the number of devices 
placed is a known modifiable risk factor 
(Alexandrou et  al. 2014; Eisen et  al. 2006; 
Sherertz et  al. 2000). The number of devices 
placed can increase clinician experience and con-
fidence. Studies have reported that experienced 
CVAD inserters who have inserted more than 50 
catheters have half the complication rate of 
CVAD inserters who have inserted less than 50 
catheters (McGee and Gould 2003).

Inadequate training and education on vascular 
access theory and techniques can expose patients 
to unnecessary iatrogenic complications 
(Alexandrou et  al. 2010; Castro-Sánchez et  al. 
2014; Scott 1988). The insertion of central 
venous access devices (CVADs) by operators 
with minimal experience or supervision can pose 
significant risk to patient safety (Alexandrou 
et  al. 2010, 2014; Hamilton 2005). Serious 
adverse outcomes have been reported from pro-
cedural complications related to CVAD insertion 
that have contributed to patient morbidity and 
mortality (Carr et al. 2018). These complications 
can include mechanical and infectious complica-
tions as well as thrombotic complications 
(McGee and Gould 2003). The most critical 
insertion-related complications include pneumo-
thorax, nerve damage and major artery puncture 
and may occur in up to one in six catheter inser-
tions (Eisen et  al. 2006; Taylor and Palagiri 
2007). Patients with previous cannulation 
attempts, history of surgery at the site of  proposed 
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cannulation, obesity and a lack of operator exper-
tise have all been documented as  influencing fac-
tors for CVAD insertion complication risk 
(Nayeemuddin et al. 2013).

The right education and training in VAD inser-
tion have a positive impact on reducing central 
line-associated bloodstream infectious complica-
tions (Coopersmith et  al. 2002; Sherertz et  al. 
2000). The primary goal of VHP is to reduce risk 
associated with the insertion and management of 
VADs; this can be achieved through infection 
prevention education. The Centers for Disease 
Control (CDC) endorse education as a necessary 
component of infection prevention (O’Grady 
et al. 2011). Additionally, the CDC recommends 
that education by specialist teams results in the 
best outcomes for CVAD insertion and manage-
ment. An increased risk of device infection is 
associated with unskilled, inexperienced or 
unqualified inserters. Successful insertion of 
VADs relies on operator knowledge, expertise 
and application of evidence-based guidelines 
shown to reduce complications (Babu et al. 2016; 
Mourad et al. 2010).

There has been significant improvement in the 
health outcomes of patients in recent decades, 
most notably through the advancements in tech-
nology and evidenced-based treatment (Loveday 
et al. 2014; Teramoto et al. 2017). In contrast, the 
increasing complexity of patient comorbidity and 
specialised procedural skills required to treat such 
patients has also attributed to adverse procedural 
outcomes and a need for more training (Barach 
and Johnson 2006; Pronovost et al. 2002). Vascular 
access device (VAD) placement is one such proce-
dural skill that has become an essential component 
to many therapies yet carries risks which can lead 
to serious adverse patient outcomes contributing to 
morbidity and mortality (Eisen et al. 2006; McGee 
and Gould 2003; Miliani et al. 2017).

4.3  The Right Education: 
Insertion Training

It is worth recognising that people learn in differ-
ent ways, and having some understanding of 
these concepts will allow the educator to plan the 

most effective way to assist learning (Taylor and 
Hamdy 2013). Significance of patient safety and 
fairness to novice clinicians has seen the para-
digm of “see one, do one, teach one” evolve sig-
nificantly into models of required educational 
components for CVAD placement (Davidson 
et al. 2012; Lenchus 2010; Moureau et al. 2013; 
Rodriguez-Paz et al. 2009). It is clear that stan-
dardized, structured approaches incorporating 
education, supervision and simulation to teach 
procedures improve knowledge and skill acquisi-
tion, increase learner confidence and reduce com-
plications in clinical practice (Herrmann-Werner 
et al. 2013).

Comprehensive vascular access training 
should consist of didactic lectures, skills acquisi-
tion in a simulated environment and supervised 
application with patient insertions (Marschall 
et  al. 2014; Troianos et  al. 2011). Competency 
assessment in VAD insertion in a simulated envi-
ronment before patient insertion should be a 
basic patient safety goal in every healthcare facil-
ity (Davidson et al. 2012). It is still not uncom-
mon, however, for trainees to undertake invasive 
procedures with minimum or no supervision as is 
the case with many ultrasound-guided peripheral 
catheter insertions. It is also not uncommon for 
supervisors to be junior and inexperienced with 
risk mitigating strategies (Lenhard et  al. 2008). 
All of these factors contribute to or reduce the 
level of risk for the patient requiring vascular 
access insertion and management.

4.4  Right Education for PIVC 
Success

Successfully inserting a PIVC on the first attempt 
preserves veins and enhances the concept of vessel 
health and preservation. This immediate success 
with insertion can impact patient wellbeing and 
experience, in addition to the probability of con-
cluding treatment without complication. Insertion 
success and lack of complications are influenced 
by a variety of clinical variables and include clini-
cian, patient-specific, products and technology as 
well as ergonomic and  environmental factors (Carr 
et al. 2016a; Chopra et al. 2012).
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Many international clinical guidelines include 
recommendations for various aspects of PIVC 
insertion and care (Gorski et al. 2016; Loveday 
et al. 2014; O’Grady et al. 2011). Despite such 
guidance, PIVC insertion can be difficult (Riker 
et al. 2011; van Loon et al. 2016; Yen et al. 2008), 
time consuming, anxiety producing (Dougherty 
and Lamb 2014) and painful for the patient 
(Fields et al. 2014). Clinicians are required to be 
competent (and in some cases, certified) to per-
form a range of functions regarding the insertion 
of a PIVC that include assessment of the poten-
tial insertion site, proficiency with the insertion 
procedure and ability to maintain the device post 
insertion and perform surveillance to detect com-
plications or loss of function (Moureau et  al. 
2013; Moureau 2017).

Studies report wide-ranging variability of 
first-time insertion success: between 2 and 81%. 
Patients may be subjected to two or more attempts 
when a traditional landmark/palpation-guided 
insertion approach is used (Aulagnier et al. 2014; 
Carr et al. 2010; Witting 2012). The use of ultra-
sound to guide insertion may improve these rates, 
but as yet, ultrasound is inconsistently used for 
PIVC insertions. Given the variability in first- 
time insertion success, there is an opportunity to 
address this clinical phenomenon and improve 
outcomes for patients.

The literature suggests some patient factors that 
increase the risk of insertion failure (Carr et  al. 
2016b; Fields et al. 2014; Maki and Ringer 1991; 
Sebbane et al. 2013). Failure within this literature 
base is attributed to the skill of the inserter; experi-
ence and knowledge of ultrasound; catheter length 
and amount within the vein, depth and size of the 
vein; ability to guide needle and catheter deeply 
into the vein; and various patient factors. However, 
there has been little research on how these risk fac-
tors can then potentially be used to assess the 
degree of insertion difficulty, i.e. the likelihood of 
PIVC insertion success prior to insertion. Such 
guidance would be useful in identifying high-risk 
patients to target with interventions that may pre-
vent insertion failure. The VHP framework incor-
porates the peripheral vein visual inspection 
process, identifying anticipated levels of difficulty 
by the condition of veins (Hallam et al. 2016).

Avoiding scheduled PIVC insertions and opt-
ing for clinically indicated removal have been 
predicted to save tens of millions of dollars for 
facilities each year (Tuffaha et  al. 2014). 
Furthermore, considering the patient experience 
and satisfaction with care, improving the patient 
journey with better vascular access protocols 
should be a priority for hospital administrators 
(Moureau et  al. 2012). Achieving greater first- 
time insertion success in addition to increasing 
the functional dwell time of inserted PIVCs 
through a standardised vascular access bundle 
could potentially support such an endeavour, sav-
ing money and impacting positively on the patient 
experience (Cooke et  al. 2018; Larsen et  al. 
2017). In addition, capturing relevant insertion 
and post insertion data points prospectively in a 
digital first strategy through a clinical database 
could conceivably answer a variety of clinical 
questions and inform local hospitals of their 
baseline and continuous data points (Davis 2011).

Given that documentation of PIVCs is often 
not percieved as a clinical concern (Castro- 
Sánchez et al. 2014), when outcomes are poorly 
recorded in the medical chart or computer record, 
greater emphasis is required to stress the useful-
ness of vascular access data recording. Such a 
concept, when underpinned by VHP, could revo-
lutionise the decision-making for vascular access 
science in addition to contributing to a continu-
ous data cycle to inform hospitals of actual and 
potential outcomes.

4.5  Approaches to Training

Depending on available resources, an online 
web-based approach to training may serve to 
replace or support traditional face-to-face educa-
tional lectures and has been proven as an accept-
able alternative (Chenkin et  al. 2008; Moureau 
et al. 2013). Online training is potentially advan-
tageous in that it can be standardised and acces-
sible almost anywhere, at any time. Incorporating 
video as a tool to demonstrate procedures and 
techniques has been a common inclusion within 
successful programmes (Evans et  al. 2010; 
Nguyen et al. 2014).
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Simulation-based training for teaching proce-
dures is shown to improve skill acquisition, 
increase learner confidence and reduce complica-
tions in clinical practice (Hirvela et  al. 2000). 
Simulators used in vascular access training range 
from highly technical interactive mannequins, to 
partial task trainers replicating anatomical struc-
tures and to simulators incorporating virtual real-
ity. Whilst equipment like this can be expensive, 
effective high-fidelity phantoms may be pro-
duced with readily accessible items such as poul-
try breasts fitted with drains for comparatively 
little cost (Loukas et  al. 2011; Moureau et  al. 
2013; Rippey et al. 2015).

Approaches to training should be based on a 
curriculum that clearly defines the cognitive 
knowledge and technical skill required to under-
take ultrasound-guided vascular access (Schmidt 
and Kory 2014; Troianos et al. 2011). An interna-
tional evidence-based consensus task force estab-
lished through the World Congress of Vascular 
Access recommends 6–8 h of didactic education, 
4  h hands-on training on inanimate models and 
6  h hands-on training on normal human volun-
teers for appreciation of normal ultrasound anat-
omy (Moureau et  al. 2013). Training is then 
followed by supervised insertions, guided by 
experienced clinicians giving feedback for 
improvement. The number of procedures required 
to achieve competence in real-time ultrasound- 
guided vascular access is unspecified due to the 
variables in knowledge and skill acquisition 
between individuals (Moureau et  al. 2013; 
Troianos et al. 2011).

Technical performance in vascular access is 
typically assessed using checklists or global rat-
ing scales. Procedures in vascular access are gen-
erally comprised of a number of sequential steps, 
thus making assessment possible using a check-
list (Moureau et al. 2013). Although global rating 
scales can be contentious, they can be a better 
indicator of procedural competency compared to 
checklist assessment (Ma et  al. 2012; Moureau 
et al. 2013). Clinicians performing high-risk pro-
cedures such as vascular access insertions require 
periodic competency assessment, determined by 
each facility, but recommended as part of annual 
or biennial credentialing.

The following sections reflect core competen-
cies necessary for undertaking catheter insertion 
safely based on the VHP philosophy and mini-
mal training requirements (Moureau et al. 2013):

 1. Anatomy and physiology of relevant body 
systems

 2. Ultrasound for insertion and assessment
 3. Central venous device tip location
 4. Infection control and ANTT
 5. Device selection and indications
 6. Insertion procedures, complication preven-

tion, evaluation and management
 7. Care and maintenance practices along with 

needle-free connectors and securement 
devices

 8. Qualification and competency
 9. Simulation training
 10. Anatomical models
 11. Objective grading and proficiency
 12. Examination and competency
 13. Supervised instruction
 14. Didactic or web-based training
 15. Developing clinical competence
 16. Education for children and neonates

4.5.1  Anatomy and Physiology

A working knowledge of anatomy and physiology 
is essential for those undertaking vascular access 
procedures to minimise complications (Bannon 
et al. 2011; Moureau et al. 2013). Traditionally, it 
was the presumed location of a blood vessel, the 
correlation between surface anatomical landmarks 
and deep anatomical structures that would guide 
percutaneously inserted VAD (Bannon et al. 2011). 
Ultrasound guidance is advantageous in that it pro-
vides an “inside view” of deep anatomical struc-
tures but requires anatomical knowledge to 
manipulate both transducer and insertion needle 
avoiding complications from cannulation of incor-
rect vessels (Bannon et  al. 2011; Troianos et  al. 
2011). Understanding both normal and variant 
 anatomies enables clinicians to safely complete 
procedures and identify complications such as 
misplaced catheters should they occur (Bannon 
et al. 2011; Moureau et al. 2013).
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4.5.2  Use of Ultrasound

Ultrasound for vascular access is not a new con-
cept and has been used in clinical practice for 
decades. Over time ultrasound has become 
widely accepted as a means to improve proce-
dural success rates and reduce associated compli-
cations and is now included in many practice 
guidelines (Moore 2014; Moureau et  al. 2013; 
Troianos et  al. 2011). Notwithstanding a multi-
tude of evidence showing the benefit of using 
ultrasound guidance for vascular access, success 
is not guaranteed through mere placement of a 
transducer on the patient (Lamperti et al. 2012; 
Moore 2014). The clinician must have an under-
standing of ultrasound physics, mechanisms of 
image acquisition and optimization and artefacts 
and ultimately be able to interpret 2D images rep-
resenting 3D anatomical structures. When novice 
clinicians first begin to practise using ultrasound 
and align the ultrasound probe and the needle 
over the vein of the phantom, it is common to see 
the probe moving to the side, in the direction that 
the clinician’s head turns. When using ultra-
sound, the ultrasound screen should be placed 
directly in front of the clinician so that only a 
glance ahead to look at the screen is needed; this 
placement reduces sideways movement of the 
probe. Additionally, there are required practical 
aspects that include hand-eye coordination and 
manual dexterity to allow manipulation of the 
transducer and needle according to what is being 
viewed on the image display (Moureau et  al. 
2013; Troianos et al. 2011).

To derive the maximum advantage using ultra-
sound, real-time guidance for vessel access must 
be preceded by vascular assessment with ultra-
sound. Ultrasound assessment of vessels allows 
one to establish the best site for insertion, ensur-
ing the right vessel is chosen, accounting for size, 
patency and risk minimisation as was discussed 
in previous chapters. These factors taken together 
emphasise the need to understand the theory of 
Virchow’s triad and the effects of catheter to ves-
sel ratio. Ultrasound enables placement and man-
agement of VADs for difficult access patients, 
those morbidly obese, intravenous drug users and 
other chronically ill patients with limited access. 

Being a user-dependent technology, specific edu-
cation and training are required for successful 
implementation into practice (Lamperti et  al. 
2012; Moureau et al. 2013; Troianos et al. 2011).

Ultrasound, as an aid to vascular assessment 
and needle guidance, results in greater success 
and fewer complications than blind or landmark 
insertions for both peripheral cannula and central 
venous catheter insertions (Chinnock et al. 2007; 
Mahler et al. 2010). Patients with poor vascula-
ture, difficult-to-access peripheral veins and 
comorbidities that inhibit cannula insertion 
require technology to reduce the number of 
attempts required to gain access (Sou et al. 2017). 
For central venous catheters, GAVeCeLT (Italian 
Group for Venous Access Devices) recommended 
the use of US during CVC insertions for six dif-
ferent purposes: (1) US evaluation of all veins 
available, (2) choice of the vein on the basis of 
rational US-based criteria, (3) real-time 
US-guided venipuncture, (4) US-based control of 
guidewire/catheter orientation during the proce-
dure, (5) US-based control of pleura-pulmonary 
integrity after axillary or subclavian vein punc-
ture and (6) transthoracic echocardiography for 
verification of the position of the tip of the cath-
eter at the end of the procedure. Ultrasound, 
when training and competency is provided, has 
demonstrated reduced time required to obtain 
access, greater first-attempt success and increased 
patient satisfaction (Bauman et  al. 2009; 
Costantino et  al. 2005; Mills et  al. 2007; Stein 
et al. 2009; White et al. 2010; Woo et al. 2009).

Doctors and nurses alike have begun to use 
ultrasound for peripheral and central access of 
veins. With training specific to ultrasound-guided 
peripheral cannulae (USGPIV) access, publica-
tions support education of 0–3 h and supervised 
insertions of 0–25 insertions (Blaivas and Lyon 
2006; Rose and Norbutas 2008; Schoenfeld et al. 
2011; Stein et al. 2009; White et al. 2010; Witting 
et  al. 2010). The literature reflects an increased 
number of insertion attempts associated with 
USGPIV when minimal training is received: 
6–10 attempts in 3 publications with varying suc-
cess levels from 0 to 100% (Miles et  al. 2012; 
Stein et  al. 2009; Sou et  al. 2017). Following 
USGPIV insertion, failure rates vary within 1 and 
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24 h and often reflect shorter dwell time than tra-
ditionally placed peripheral cannula (Dargin 
et al. 2010; Keyes et al. 1999; Miles et al. 2015). 
Education and supervision provided prior to nov-
ice attempts coupled with longer catheters and 
Seldinger- wired insertions report higher success 
and longer cannula dwell with fewer complica-
tions that result in cannula failure (Elia et  al. 
2012; Harvey and Cave 2011; Mahler et  al. 
2010). Validation of competency by a supervisor 
for 5–15 attempts following training resulted in 
fewer attempts and reduced complications 
(Adhikari et  al. 2010; Moore 2013; Schoenfeld 
et al. 2011; White et al. 2010).

4.5.3  Catheter Tip Position

Insertion site selection and final catheter tip posi-
tion are both influential factors in the incidence 
of catheter-related complications (Gorski et  al. 
2016; Loveday et al. 2014). A well-placed cen-
trally inserted device should have its tip reside 
deep in the SVC, ideally at the cavo-atrial junc-
tion (CAJ). Such placement permits parallel posi-
tioning of the device to the vessel wall in an area 
of high blood flow (Babu et  al. 2016; Moureau 
et al. 2013). Catheter tips located in more cepha-
lad regions of the SVC are associated with an 
increased risk of thrombotic complications 
(Luciani et al. 2001; Moureau 2013a). Clinicians 
should be mindful that catheters are subject to 
movement associated with patient position and 
respiration and consider this at the time of inser-
tion to ensure optimal tip placement (Babu et al. 
2016; Forauer and Alonzo 2000).

4.5.4  Infection Prevention

A working knowledge of infection prevention 
practices for device insertion is a critical training 
requirement. Breaching a patient’s skin to obtain 
vascular access carries inherent risks including 
the possibility of infection. Catheter-related 
bloodstream infection (CRBSI) is a serious, 
potentially life-threatening complication associ-
ated with central venous access device insertion 

and management. CRBSI can stem from extra- 
luminal contamination, where organisms migrate 
from the point of insertion to the catheter, to 
intraluminal contamination involving direct 
transfer of organisms to the catheter hub, and 
contamination may also occur via haematoge-
nous seeding of organisms from other infected 
sites (Loveday et  al. 2014; Moureau 2014; 
O’Grady et al. 2011). CRBSI contributes to mor-
bidity and mortality as well as burdening health-
care institutions with significant financial costs 
and increased length of stay as noted in the guide-
lines. Additional information on infection pre-
vention is provided in subsequent chapters.

4.5.5  Insertion Technique

Education on insertion of intravenous devices 
covers direct puncture, Seldinger and modified 
Seldinger techniques, with incorporation of ultra-
sound to provide a greater degree of safety, and 
application of sterile practices with maximal bar-
rier precautions specific to CVAD insertions. 
Knowledge of procedures specific to each prod-
uct is part of the educational process in keeping 
with manufacturer instructions for use. In the 
chapters that follow, additional details of device 
insertion, post insertion management and device 
maintenance are provided for both adults and 
children.

4.6  Insertion and Post Insertion 
Bundles

Once the vascular access device is inserted, the 
challenge is to maintain it, avoiding failure and 
complication. Ensuring the VAD does not suc-
cumb to failure is a clinical concern as this can 
lead to a disruption in treatment. Various assess-
ment tools exist to assess VAD failure but are 
heavily focused on infection or phlebitis as the 
precursor to infection (Carr et al. 2017). One of the 
largest clinical observational studies on PIVC has 
pragmatically classified PIVC failure into three 
types: (1) infective/phlebitis, (2) occlusion/infiltra-
tion and (3) accidental dislodgement (Marsh et al. 
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2018). In the adult population, it is recognised that 
at least 25–69% of PIVCs fail before the end of 
treatment from complications such as occlusion, 
phlebitis, dislodgement, infection and infiltration 
(Marsh et al. 2018; Wallis et al. 2014). Device fail-
ure can lead to a reduced therapeutic effect of pre-
scribed medicines and an increased length of 
hospital stay, thus interrupting the patient care pro-
cesses and clinical pathways (Barton et al. 1998). 
Complications can be painful and even lead to 
nerve injury and disability (Stevens et  al. 2012). 
Whilst research has focused on post insertion 
interventions to avoid failure, there has been little 
evidence on the link between insertion procedural 
aspects and future device failure.

Evidence-based recommendations for vascular 
access procedures and ongoing care and mainte-
nance of devices are abundant in the literature 
(Chan et al. 2015; Entesari-Tatafi et al. 2015). The 
use of checklists or “bundles” that record compli-
ance with Surgical-ANTT and infection preven-
tion practices can reduce catheter- associated 
bloodstream infection (CABSI) (Collaborative 
2011; Pronovost et  al. 2006). Bundles focus on 
grouping key principles of practice designed to 
limit procedural risk and mitigate complications 
and therefore improve patient care (Collaborative 
2011; Moureau 2013b; Pronovost et al. 2006). A 
collaborative quality improvement project in 
intensive care units (ICUs) to promote aseptic 
insertion of central venous lines (CVADs) was 
performed to identify specific educational needs. 
A checklist was used to record compliance with 
all aspects of aseptic CVAD insertion, with maxi-
mal sterile barrier precautions for clinicians (“cli-
nician bundle”) and patients (“patient bundle”). 
Central line-associated bloodstream infections 
(CLABSI) were identified and reported using a 
standard surveillance definition. Many ICUs were 
found lacking in the organisation and staff to sup-
port quality improvement and audit. Results dem-
onstrated that compliance with all aspects of 
aseptic CVAD insertion significantly reduces the 
risk of CRBSI.

Developing any PIVC insertion bundle 
requires a stepped process: firstly, to identify the 
appropriate variables and, secondly, to identify 
the risk factors for insertion failure. From these, 

arguments can be made for appropriate device 
placement. If we assume the data collection strat-
egy includes specific clinician data points, then 
assumptions on the right clinician can occur. 
Once evaluated for validity, reliability, clinical 
utility, clinical acceptability and usability, wide-
spread formal implementation can occur.

Despite the evolution of insertion bundles, 
better methodological standardised definitions of 
what constitutes the right device, what ensures 
insertion success and what reduces post insertion 
complications will improve the current paucity of 
high-level evidence for this area of vascular 
access science. Application of insertion bundles 
may be enhanced when specialty teams are 
involved with insertion and care of VADs.

Previous examples of framework or clinical 
decision strategies, such as bundles and special-
ised teams for vascular access, have evidenced 
improved patient experiences with appropriate 
device placement resulting in longer device func-
tion to the end of treatment and reduced length of 
hospital stay (Barton et al. 1998). However, this 
approach lacks robust analysis and validation, 
and evidence is almost 20 years old where repli-
cation studies to support these data have not been 
found. Ideally, prospective and clinically relevant 
data from a patient group make it generalizable to 
that population (Hendriksen et al. 2013).

The widely recognised study conducted out of 
Michigan, known as the Keystone ICU project, 
tested the impact on CRBSI, the bundle approach 
for insertion of CVADs with five key interven-
tions in intensive care units: hand hygiene, selec-
tion of the lowest risk device for the treatment, 
skin disinfection with alcoholic chlorhexidine, 
maximum sterile barriers and procedure for 
CVAD insertion and evaluation for device neces-
sity daily (Pronovost et  al. 2006). Each of the 
interventions was an evidence-based 
 recommendation of the Center for Disease 
Control (CDC). The study demonstrated signifi-
cant reduction of CRBSI across all participating 
ICUs based on the group of interventions 
(O’Grady et al. 2011; Pronovost et al. 2006).

Post insertion, devices are accessed frequently 
for the purposes of administering and monitoring 
treatment, and each access presents an  opportunity 
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for microorganisms to be introduced into the 
bloodstream (The Joint Commission 2013). It 
must be acknowledged that poor application of 
post insertion care often results in complications 
including device failure and infection (Davis 
2011; O’Grady et  al. 2011; Wallis et  al. 2014). 
The bundled approach (Table 4.1) has been 
proven to reduce the rate of CRBSI primarily by 
the maintenance of sterility during the insertion 
phase (Burrell et al. 2011; Moureau 2013a).

Bundles are used in a variety of acute specialties 
and can assist the clinician in improving the safety 
and quality of healthcare delivery and thus improve 
clinical and patient outcomes. Defined by the 
Institute of Healthcare Improvement as “a group of 
interventions related to a disease process that, when 
executed together, results in better outcomes than 
when implemented individually” and a “structured 
way of improving care processes and patient out-
comes, a small, straightforward set of evidence-
based practices—generally three to five—that, 
when performed collectively and reliably, have 
been proven to improve patient outcomes”.

Examples of bundles of care include the 
Institute for Healthcare Improvement’s 5 Million 
Lives Campaign (McCannon et al. 2007) for cen-
tral venous catheter and ventilator bundles and 
severe sepsis bundle (Levy et  al. 2010). In the 
absence of an appropriate service delivery for 
vascular access (i.e. vascular access specialist 
team), bundles of care for vascular access aim to 
improve outcomes by promoting best evidence- 

based interventions. Ideally the components are 
based on Level 1 evidence, and each component 
must be performed at point of care.

Is the PIVC clinically indicated? The vascular 
access literature reveals evidence of inappropri-
ate device selection and one bundle component 
that, in the pre-insertion phase may be suggested, 
is a component which asks, is this device clini-
cally indicated or not? (Chopra et al. 2015; Ricard 
et  al. 2013). Examples for PICCs include the 
MAGIC calculator and app for appropriate PICC 
use (Michigan MAGIC, www.improvepicc.com). 
Recently, a systematic scoping review on tools, 
rules and algorithms for approaches to PIVC 
insertion identified that few well-validated, reli-
able tools exist for PIVC insertion, but this is per-
haps owing to the variety of clinical disciplines 
which perform PIVCs (Carr et al. 2017).

Admittedly, VHP could be accused of not 
being evidence based; however, it is a conceptual 
framework that underpins a series of relation-
ships with vascular access, similar to the bundle 
approach, and, as a result, is available for adop-
tion and validation. Equally, there are gaps, or 
rather opportunities, to develop bundles of care 
for vascular access that will enhance the concepts 
of the VHP framework. Ideally, any bundle 
should represent insertion and post insertional 
phases of the vascular access device and alert 
healthcare professionals when clinical concerns 
occur. This means pre-insertion, insertion and 
post insertion bundles must be aware of the clini-
cal symptoms that may occur which demand fur-
ther critique and common sense considerations.

Table 4.1 Example of a bundle used to reduce the risk of 
CRBSI during the insertion process

Aseptic central venous access devices
Patient bundle Clinician bundle
•  Select lowest risk 

device for patient and 
treatment

• Scrub hands for at 
least 2 min prior to 
insertion of CVAD

•  Prepare procedure site 
with 2% alcoholic 
chlorhexidine

• Wear hat, mask, and 
eyewear

•  Maximum sterile 
barrier with full sterile 
sheet draping for patient

• Don’t sterile gloves 
and gown

•  Verify position of 
CVAD through 
imaging, ECG or 
transducer

• Maintain Surgical-
ANTT throughout with 
observer

Case Study
A 178  kg female was admitted to acute 
care with gastritis, nausea and vomiting. 
Unable to initiate PIVC, a specialist was 
contacted. An ultrasound-guided PIVC 
was placed for medication administration. 
Following the insertion, the laboratory 
verified an appendicitis and the need for 
more reliable access for surgery. The vas-
cular access specialist, also trained for 
midline placement, inserted a midline in 
the cephalic vein of the right arm.

4 Training and Education
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