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Abstract
Background Billions of peripheral intravenous catheters (PIVCs) are used globally each year, with 44–58% of first attempts failing.
Ultrasound use for PIVC insertion has demonstrated improved first pass success, reduced attempts, and improved satisfaction. With the
expansion of point-of-care and hand-held ultrasound units, there is a need to identify and explore options for clinical use.
Aim We aim to conduct a scoping review of peer-reviewed and non-peer-reviewed literature to identify articles that explore the nature
and distribution of research activity and current state of evidence in the adoption and use of point-of-care and hand-held ultrasound
for PIVC insertion.
Methods A search using keywords and Medical Subject Headings for published and unpublished literature in English between the
years 2000 to 2021 will be undertaken in electronic databases and clinical trial registry sites. Two independent reviewers will screen all
titles and abstracts for eligibility and extract data from relevant articles into a standardised electronic data collection form. Quantitative
studies will be classified into groups investigating similar interventions, strategies and outcomes, and data presented as descriptive
statistics, as appropriate. A thematic analysis will be conducted on the information extracted from qualitative studies and findings
presented using narrative synthesis.
Ethics and dissemination Ethics approval is not required for this review. The findings will be published and presented to audiences
invested in peripheral intravenous cannulation success.

Background
Billions of peripheral intravenous catheters (PIVCs) are used
globally each year,1 with the United States alone reporting annual
sales of over 330 million.2 Up to 80% of hospital inpatients require
a short PIVC inserted3,4 to deliver intravenous (IV) medications,
fluids, blood products and nutritional supplements.2 In
Queensland, Australia, an estimated 2.75 million vascular access
devices were used in public hospitals in 2016, at a total cost of
A$59.14 million – A$48.85 million for labour and A$10.17 million
for equipment.5
Most clinicians overwhelmingly favour PIVCs as the device of
choice for delivery of IV treatments.4 Traditionally, PIVCs are
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inserted using landmark, visualisation, and palpation techniques
to locate target vessels.6 These methods can be difficult, and
success depends largely on highly skilled clinicians with
considerable cannulation experience.7 It has been suggested
that knowledge in the assessment and selection of vessels for
venous puncture is largely lacking,8 making it time-consuming,
with 44–58% first attempts failing and clinicians resorting to
‘blind’ techniques based on trial and error.9
Difficult intravenous access (DIVA) in some patients is even more
challenging, particularly for individuals with extreme values in
body mass index (obesity or cachexia), oedema, chronic diseases,
multiple comorbidities, vasculopathy, history of repeated IV
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injections or IV drug use, chemotherapy, dehydration, and
extremes of age.10 In such patients, suitable vessels cannot be
visualised nor palpated, resulting in clinicians abandoning and
escalating to more senior staff or vascular access specialists, if
available.11 It is estimated that DIVA affects 10–24% of adults and
37% of children requiring a PIVC10; consequently, some patients
have experienced up to 20 needle puncture attempts.12–15
Notably, DIVA is exacerbated by clinician limitations such as
lack of knowledge and experience of vascular anatomy, suitable
vessel location, vessel assessment and selection skills, lack of
awareness, information and experience using vein location and
visualisation aids and devices.16 These factors ultimately cause
delays in PIVC insertion.
Delays in successful PIVC insertion result in delayed treatment,
asserting the claim that “treatment delayed is treatment denied”
in all arenas of healthcare, as the relationship between time to
treatment and outcomes are clearly demonstrated.17,18 These
include delays in diagnosis using IV contrast, commencing IV
treatments, and missed IV medication, often culminating in
the insertion of a central venous access device.19,20 Nye et al.11
demonstrated that a treatment delay of up to more than
5 hours can result from the time medication is prescribed to
PIVC insertion in DIVA patients. Consequently, clinicians faced
with DIVA adopt a mindset of “just get a cannula in any vein”,16
thus, often inserting PIVCs into smaller, superficial veins with
low blood flow, or other suboptimal anatomical sites (eg, hands
and ante-cubital fossa1) after multiple failed attempts, resulting
in early PIVC failure.21 This has prompted the development of a
clinical pathway using ultrasound for managing DIVA to improve
overall cannulation success, first attempt pass success, vessel
health preservation22 and reducing pain and trauma.19
Ultrasound technology use in healthcare has made viewing
and interpreting of anatomical structures as images in real-time
highly valuable and its use in intensive care for central and
arterial line placement is well documented.23,24 The technology
uses vibrations (or sound waves) produced by tiny piezoelectric
crystals within the transducer (probe). Ultrasonic waves are
directed into a body part, hit tissues and structures, and echoes
are reflected back to the transducer. These reflected waves are
converted into images that display fluid, blood, soft tissue, or
bone in tones of grey and black on a screen.25
Teachings for PIVC insertion recommend that selected vessel
and insertion site must be free from thrombi or atheromatous
plaques, superficial, away from valves, have a straight,
predictable pathway, have an anteroposterior diameter ≥4mm,
skin to vessel distance ≤16mm, and accessed in a manner that
avoids damage to key adjacent structures.26,27 It stands to reason
that adherence to these principles may be difficult (almost
impossible) using conventional landmark, visualisation, or
palpation techniques, as the clinician remains blinded to vessel
health and anatomy without real-time ultrasound visualisation.

Ultrasound use for PIVC insertion has demonstrated improved
first-pass success, reduction in the number of attempts,
improved patient satisfaction, and reduced overall procedurerelated complications.27 In fact, ultrasound has become the
equipment of choice for accessing and securing vascular and
arterial access in intensive care patients with decreased reliance
on conventional techniques.28,29
Despite the commercial availability of ultrasound units, the
most frequently cited reason and barrier to a wider uptake
and adoption into clinical practice has been limited access
to equipment,8 with researchers suggesting a need for more
units in clinical areas with high PIVC insertion activity.11,30 One
study suggested factoring transport time of units as part of
the procedure to calculate time to successful cannulation,9 as
a significant amount of time is employed to source and haul
ultrasound equipment to point-of-care patient settings.
The advancement of ultrasound technology has led to the
development of more compact units at lower cost (https://
www.medicalexpo.com/medical-manufacturer/ultrasoundsystem-17689.html). So called point-of-care ultrasound (POCUS)
is becoming more widely available in emergency departments,
hospital inpatient settings, community and general practice,
rural and remote health settings, and in individuals’ homes.31
With traditional ultrasound carts weighing around 20kg and
some POCUS devices just 0.4kg, its use in medical diagnostics
and interventions at the bedside across all patient settings is
becoming the norm.31 The convenience of POCUS has,
unsurprisingly, led to an increase in the uptake and use
of ultrasound to assist with cannulation in both adult and
paediatric patients.31 Evidence supporting its application is
increasing, particularly in DIVA and paediatric patients.32–34
Recently, there has been an emergence of compact ultrasound
units and miniaturisation of viewing platforms in the form of
tablets, phone screens, and inbuilt probe screens.35 Hand-held
point-of-care ultrasound (HH-POCUS) and pocket ultrasound
devices herald a potential revolution in technology to support
care and have extended the clinical value of POCUS to healthcare
workers who frequently insert difficult PIVCs. Definitions and
specifications for hand-held and pocket ultrasound are not
clearly described in literature or clinical settings. The emerging
consensus is that HH-POCUS devices have been described as
being the size of a palm or able to fit a physician’s pocket35,36 and
weigh around 400g.37,38
Despite this innovation, little is known about POCUS and
HH-POCUS device use in clinical settings. This includes how
HH-POCUS devices compare to traditional, larger ultrasound units
and other vein-finding devices in relation to cost, features, image
quality, reliability, usability, limitations, training and education,
cannulation success, infection control, care of equipment, and
user experience.39 Many clinicians have resorted to ad hoc
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training and education on ultrasound use for PIVC insertion as
expectations for professional development and learning become
more self-directed.40 Standardised ultrasound training programs
and clinical guidelines are lacking, and their development has
been overtaken by the implementation and integration of these
devices into clinical practice.31,41 POCUS was listed as the second
health technology hazard for 2020 as safeguards, training,
experience, and skill has been outpaced by its adoption.42

Methods
Aim
The overarching aim of this scoping review is to explore the
current state of evidence and gaps in the adoption and use
of POCUS and HH-POCUS in clinical settings and the nature
and distribution of research activity focusing on POCUS and
HH-POCUS for PIVC insertion.

Objectives
Using Anderson et al.’s components and elements for scoping
studies,43 these are the objectives of this review:
1.	map the scope and range of literature relating to POCUS and
HH-POCUS;
2.	
understand current nomenclature and concepts relating
to the definitions and adoption frameworks for POCUS and
HH-POCUS; and,
3.	identify gaps in the literature on POCUS and HH-POCUS and
ascertain areas for further inquiry in relation to POCUS and
HH-POCUS to optimise use and clinical impact in the context
of PIVC insertions.

Methodological framework
This review will be underpinned by the Arksey and O’Malley
scoping review framework.44 There are five stages of the review:
(1) identifying the review questions; (2) identifying relevant
literature; (3) charting the data; (4) study selection; and, (5)
collating, summarising, and reporting the results.
The Arksey and O’Malley framework was chosen because it
enables the examination of the breadth of evidence published
on the topic and accommodates a variety of study designs.
It is useful for the synthesis of a range of information and
evidence and can be used as an overview to map existing
literature in the field of POCUS and HH-POCUS in terms of
its appropriateness, meaningfulness, and feasibility for
clinical practice in the field of PIVC insertion.45 Given the new
developments around ultrasonography, the review will provide
a preliminary survey of the focus, themes, volume, and spread
of published literature.43,44,46 It will help clarify working definitions
and conceptual boundaries45 for POCUS and HH-POCUS for PIVC
insertion, which have not yet been comprehensively reviewed
and explored.

18

Volume 7 Issue 1 – April 2021

Stage 1: identifying the review questions
1a.		 What are the characteristics of studies focusing on POCUS
and HH-POCUS for PIVC insertion, conducted since the year
2000? (eg, quantitative: randomised controlled trials, quasiexperimental, cohort studies, case control; qualitative:
surveys, interviews, focus groups).
1b.	
What POCUS and HH-POCUS equipment, population,
demographics, and clinical settings (hospital, clinic, home
environment, etc) feature in the selected literature?
1c.		 What outcome measures on POCUS and HH-POCUS for
PIVC insertion have been reported in the literature? (eg,
number of insertion attempts, time to insertion, PIVC
outcomes, complications, or failure).
1d.	What interventions and education strategies for teaching
and learning have been adopted for the promotion, use
and support of POCUS and HH-POCUS for PIVC insertion,
and what measures define competence and expertise?
1e.		 What is the experience and/or perspective of clinical users
and patients towards POCUS and HH-POCUS for PIVC
insertion?

Stage 2: identifying relevant literature
The review will focus on qualitative and quantitative experimental
or quasi-experimental studies that compared POCUS and
HH-POCUS devices with either traditional ultrasound equipment
or landmark, visualisation, and palpation methods for PIVC
insertion. It will identify, appraise, and report outcomes such as
cannulation success, time to successful cannulation, number of
PIVC attempts, and user experiences with POCUS and HH-POCUS
devices, either as user opinion or verdict or in comparison with
traditional ultrasound equipment or landmark, visualisation, and
palpation methods. This scoping review will include studies on
participants of all ages to establish the breadth of evidence and
literature.

Search strategy
The search strategy aims to find both published and unpublished
literature. A three-step search strategy will be used, with guidance
from a university health librarian. An initial limited search of
Medline will be undertaken, followed by analysis of text words
contained in the title and abstract, and of the index terms used to
describe the article. A second search using all identified keywords,
index terms, and MeSH headings will then be undertaken across
the following databases: PubMed, Cumulative Index to Nursing
and Allied Health (CINAHL), Excerpta Medica Database (Embase),
Web of Science, Scopus, Cochrane CENTRAL, Google Scholar,
Clinicaltrials.gov, Australian New Zealand Clinical Trials Registry,
and International Clinical Trials Registry Platform. The search for
unpublished studies will include ProQuest Dissertations and
Theses, Open Access Theses and Dissertations and National Grey
Literature Collection (MedNar). Finally, the reference lists of all
selected articles will be searched for additional studies. Studies
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published in English between the years 2000–2021 will be
considered for inclusion in this review. This limitation has been
set because ultrasound-guided PIVC insertion was not common
prior to 2000.

used as a reference management tool and Microsoft Excel (2010)
will be used to record extracted data and information.

Initial keywords

1. Author(s).

Point-of-care ultrasound, hand-held/handheld ultrasound,
POCUS, pocket ultrasound, portable ultrasound, peripheral
intravenous catheter/cannula, intravenous cannula, peripheral
venous catheter, short peripheral catheter, and PIVC/PVC/PIV/
SPC

2. Year of publication.

Stage 3: charting the data

A standardised data extraction form in Excel will be used to
extract the following data, if available and applicable:

3. Country of origin.
4. Concept/theme.
5. Aims/purpose.
6. Setting (inpatient/outpatient, hospital/clinic/home).

Studies will be selected based on phenomena of interest and
inclusion and exclusion criteria.

7. Study population (eg, adults, paediatrics, neonates), setting
(emergency department, intensive care unit, medical,
surgical, oncology, outpatients, etc) and sample size.

Types of intervention(s)/phenomena of interest

8. Methodology/study type.

–	
Point-of-care ultrasound and hand-held point-of-care
ultrasound for PIVC insertion in live participants in all age
groups and settings.

9. Intervention type and comparator.

Inclusion criteria

12.	
Quantitative clinical outcomes (eg, cannulation success;
time to successful cannulation, number of attempts, PIVC
longevity, PIVC failure).

–	
Qualitative or quantitative, experimental, or quasiexperimental studies comparing HH-POCUS devices with
either traditional ultrasound equipment or landmark,
visualisation, and palpation methods for PIVC insertion.
–	
Qualitative studies reporting data on user and patient
experiences and satisfaction with HH-POCUS devices, either
as a user opinion or verdict or in comparison with traditional
ultrasound equipment or landmark, visualisation, and
palpation methods for PIVC insertion.
–	Studies including participants of all ages using POCUS- and/
or HH-POCUS-guided PIVC insertion.

Exclusion criteria
–	Insertion of central venous access devices including central
venous lines and peripherally inserted central catheters using
POCUS or HH-POCUS.
–	Insertion of arterial lines using POCUS or HH-POCUS.
– Studies using phantom arms or vessels.
– Animal studies.
–	Letters to editors, opinions, and editorials commenting on
POCUS or HH-POCUS.
Initial selection will use title appraisal for suitability, remaining
studies will be appraised by abstract and, finally, remaining
studies will undergo full text appraisal. Two reviewers will
assess all results to increase robustness of study selection. If any
discrepancy arises, a third reviewer will be engaged.

Stage 4: study selection
Bibliographic software package EndNote X9 (Clarivate) will be

10. Duration of the intervention.
11. Who collected the data.

13.	Qualitative outcomes (eg, clinician/user experience and/or
satisfaction, patient experience and/or satisfaction, parent of
child experience and/or satisfaction).
14. Implementation strategies (eg, education, training, resources).
15. Grant/funding support.

Stage 5: collating, summarising, and reporting the
results
The data will be compiled in an Excel spreadsheet for analysis.
All studies will be categorised and presented by tabulating
study design, year of publication, country where research was
undertaken, and phenomena of interest. Quantitative studies
will be classified into groups investigating similar interventions,
strategies, and outcomes, and data will be presented in narrative
format or statistical tables, as appropriate. Descriptive statistics
will be used to categorise the characteristics of the studies,
where possible and appropriate. A thematic analysis will be
conducted on the information extracted from qualitative studies.
Intervention outcomes and outcome measures will be collected
but not analysed for their significance or quality as this is a
scoping review. Two members of the team will categorise the
studies and any discrepancies will be resolved independently by
a third reviewer.
The Consolidated Framework for Implementation Research
(CFIR)46 will be used to evaluate studies on POCUS and
HH-POCUS device implementation into clinical settings for
PIVC insertion. Interventions that promote dissemination
and prolong the sustainability of POCUS and HH-POCUS in
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clinical settings locally, nationally, and internationally will be
appraised. This framework comprises five major domains: (1)
intervention characteristics; (2) outer setting; (3) inner setting;
(4) characteristics of the individuals involved; and, (5) process
of implementation. The framework further has each domain
focusing on processes and elements necessary for implementing
change (Table 1). These domains and elements will be considered
when appraising the literature and results will be classified
according to processes and elements relevant to POCUS and
HH-POCUS implementation in each domain.
Research gaps will be identified by assessing the volume and
quality of studies across the CFIR domains and elements. Areas
that are either under-explored or have not been explored will
be captured. Missing pieces in the research literature relevant to
population or sample (size, type, and location), research method,
data collection and/or analysis, and other research variables or
conditions, will be highlighted as they emerge from scoping and
surveying the literature.
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