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Handheld Ultrasound Devices for Peripheral
Intravenous Cannulation

A Scoping Review
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ABSTRACT

Ultrasound-guided insertion of peripheral intravenous catheters (PIVCs) is recommended for patients with difficult
intravenous access, but access to ultrasound equipment is often limited to specialty departments. Compact, afford-
able handheld ultrasound devices are available, but the extent of their clinical adoption and impact on patient out-
comes is unknown. This scoping review aimed to explore evidence regarding handheld and pocket ultrasound devices
for PIVC insertion. Databases were searched for studies published in English between January 2000 and January 2023
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evaluating handheld or pocket ultrasound devices weighing =3 kg for PIVC insertion. Data were extracted using stan-
dardized forms and summarized using descriptive statistics. Seventeen studies reporting the use of handheld or pock-
et ultrasound devices were identified. Most studies were conducted in adult inpatient facilities; 3 included pediatrics,
and 2 reported out-of-hospital use. Participants with difficult intravenous access featured in 9 studies. Ultrasound
training programs were described in 12 studies, with competency defined by number of successful PIVC insertions.
Five studies reported clinician and/or patient perspectives. Ultrasound for PIVC insertion is not widely accessible

in nonspecialist areas, but more compact and affordable handheld models could provide a solution, especially for
patients with difficult access. More research evidence using handheld ultrasound is needed.

Key words: catheterization, handheld, medical device, peripheral intravenous catheter, ultrasound-guided insertion

INTRODUCTION

Successful peripheral intravenous catheter (PIVC) insertion
requires careful selection of vessels of suitable size, width,
depth, length, and site.l These criteria cannot always be
met with standard insertion techniques (landmark or pal-
pation), as clinicians are unable to “see” or find suitable
vessels. Up to 70% to 90% of hospital patients require a
PIVC,24 but insertion is often challenging and difficult using
standard methods, with first insertion failure rates of up
to 75% and many patients experiencing multiple painful
attempts.> Ultrasound guidance (USG) is increasingly rec-
ommended for achieving PIVC insertion success, particular-
ly in patients with difficult intravenous access (DIVA)®-8 and
to preserve vessel health.9 Despite commercial availability
of ultrasound machines, their uptake in clinical practice
remains limited primarily to specialist clinicians and set-
tings. The most frequently cited barriers to uptake and
adoption include limited access to equipment, purchase
and upkeep costs, low technical knowledge and/or skills,
lack of available ultrasound education, and lack of evidence
and guidelines for ultrasound PIVC insertion.10

The weight of ultrasound devices usually determines
their mode of transportation to the patient, and while
there is no concrete classification system, devices can be
cart-mounted, hand-carried, handheld, or pocket-sized.
Compact ultrasound units and viewing platforms on tab-
lets, phones, inbuilt probe screens, and all-in-one wireless
probes!! are increasingly available and affordable and,
as such, are expected to become the “stethoscope of the
21st century.”12 Hand-carried ultrasound systems feature
probes, screens, and control panels with a combined
weight usually <3 kg, but these systems may also be cart-
or pole-mounted.13 Handheld and pocket ultrasound devic-
es refer to compact, lightweight (usually <1 kg) systems
including probes, screens, and control panels, which fit in
clothing pockets of clinicians, and many of these devices
can be connected to a smart phone.13 Portability and
affordability of these smaller devices provides a potential
solution to clinical and resource challenges associated with
standard cart-mounted ultrasound technology.

The aim of this scoping review was to explore the liter-
ature and evidence to date, focusing on the clinical uptake
of compact handheld or pocket-sized ultrasound devices
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for PIVC insertion since the year 2000. The findings from
the review may serve to guide program and policy devel-
opment, identify research gaps to improve future research
protocols, and ensure adequate and successful implemen-
tation of this rapidly expanding technology.

The Scoping Review Questions Were the
Following:

1. What are the characteristics of studies (population, de-
mographics, and clinical settings) focusing on compact
handheld ultrasound devices for PIVC insertion conduct-
ed since the year 2000?

2. What compact handheld ultrasound equipment and inser-
tion procedures are featured in the selected literature?

3. What outcome measures on compact handheld USG
PIVC insertion have been reported in the literature (eg,
number of insertion attempts, time to insertion, PIVC
outcomes, complications, or failure)?

4. What interventions and education strategies for teach-
ing and learning have been adopted for the promotion,
use, and support of compact handheld ultrasound
devices for PIVC insertion, and what measures define
competence and expertise?

5. What is the experience and/or perspective of clinical us-
ers and patients toward compact handheld ultrasound
devices for PIVC insertion?

METHODS

This scoping review was conducted according to the Arksey
and O’Malley scoping review framework,4 the components
and elements of Anderson et al,15> and the methodologic
recommendations for scoping studies by Levac et al.l6
Further details are in the published scoping review proto-
col.17 The results are reported according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR).18

Eligibility Criteria

Included studies used point-of-care ultrasound equipment
weighing <3 kg for PIVC insertion, including preinsertion
assessment. Ultrasound terminology, including point-of-
care or handheld or hand-carried, indicated the clinician
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performing the procedure arrived at the patient’s bedside
or other location carrying the compact ultrasound system.
All named ultrasound models were checked for online man-
ufacturer-reported weight specifications. If an ultrasound
machine weighing <3 kg was identified as cart-mounted, it
was included in the review.

Qualitative, quantitative, experimental, or quasi-experi-
mental studies comparing hand-carried, handheld, or pock-
et-sized point-of-care devices with cart-mounted ultrasound
equipment or standard methods for PIVC insertion across all
age groups were considered. Qualitative studies describing
clinician and/or patient experiences and satisfaction with
handheld pocket or hand-carried devices, either as user
opinion or verdict or in comparison with traditional ultra-
sound equipment, near infrared and transillumination devic-
es, or standard PIVC insertion techniques were also included.

Excluded studies were those using ultrasound equipment
weighing >3 kg (or a combination of ultrasound devices
with some weighing >3 kg, unless the results were report-
ed individually for each device type). Other exclusions were
insertion of central venous devices or arterial lines, studies
using only phantom arms or vessels, animal studies, con-
ference abstracts, and editorials, letters, commentary, and
opinion pieces with minimal or no study data provided.

Information Sources

Search terms included variations of pocket or handheld
or hand-carried ultrasound and peripheral intravenous
catheter/cannula. This yielded limited results and was
amended to (peripheral vascular) OR (peripheral venous)
OR (peripheral intravenous) OR (peripheral intravascular)
OR (peripheral cannula*) OR (peripheral catheter*) OR
(peripheral access*) AND (Ultrasound* OR ultrason*) AND
Insert*. Searches were conducted across PubMed, National
Library of Medicine (Medline) via OVID, 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 (ANZCTR), and
International Clinical Trials Registry Platform (ICTRP) data-
bases. Searches of unpublished studies were conducted in
ProQuest Dissertations and Theses, Open Access Theses
and Dissertations, and National Grey Literature Collection
(MedNar). A Google search was also executed and results
limited to the first 50 results for relevance.l® Limiters for
English and years between January 2000 and January
2023 were used. Reference lists of selected articles were
searched for additional studies. Authors were contacted
for clarification on weight of US equipment, but response
rates were low, and weights were usually unknown by
the respondents. (See Supplemental Digital Content 1 for
search strategy, http://links.lww.com/JIN/A113).

Selection of Sources of Evidence
References were exported, screened, and managed using
bibliographic software package EndNote 20 (Clarivate,
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Jersey, United Kingdom). Results from searches were
imported, sorted into groups for each database, and dupli-
cates were removed. Titles and abstracts were assessed
for suitability, followed by full-text appraisal by 2 reviewers
(GRB, PP) to ensure robust selection. A third reviewer for
disagreements was not required.

Data Charting Process and Data Items

Data were extracted to a standardized data extraction form
in Microsoft Excel (Microsoft, Redmond, WA) under the
broad headings: author, year, setting, participants, meth-
odology, type of ultrasound equipment, clinician training,
insertion methods, DIVA populations, key themes, report-
ed outcomes, funding, and limitations. Information was
collected on ultrasound equipment manufacturer, brand,
weight, viewing platform, transducers (probe) type, speci-
fications and orientation used, ultrasound technique (static
or dynamic), operator factors, and patient population
(DIVA/non-DIVA). Static technique involves using ultra-
sound to locate and assess vessels but does not progress to
real-time visualization of needle insertion, while dynamic
technique involves ultrasound to locate and assess vessels
and progresses to direct visualization of the needle as it
enters the target vein in real time.20

Synthesis of Results

Data in Excel were summarized using descriptive statistics
(frequency and percentages). Critical appraisal of included
articles was not undertaken, as per the aims of the scoping
review.

RESULTS

Search Results

A total of 23 078 studies were retrieved. Following removal
of duplicates (n = 9068), 14 010 studies were screened for
relevant title and/or abstract, and 148 full-text articles were
read in full and assessed for eligibility. Following exclusion
of studies reporting use of ultrasound devices weighing
>3 kg, 17 studies including data from 5118 USG PIVCs were
included in this scoping review (Figure 1).

Study Characteristics

Eight studies were conducted in the United States,21-28
3 studies in Japan,2931 2 in Australia, 1032 and 1 study
each in the Czech Republic,33 Denmark,34 lItaly,3> and
the Netherlands.3¢ Study designs included 9 prospective
observational cohort studies,10.24-26,28,29,31,32,36 2 random-
ized trials,23:33 3 prospective pre—post studies,27.30.34 and
3 retrospective chart audits.21.2235 Most were conducted
in single inpatient facilities (82%); 1 was a multicenter
study,3¢ and 2 studies reported ultrasound outcomes in pre-
hospital settings.1033 Settings included emergency depart-
ment,21-252835 ward settings,2931 telemetry,26 operating
suite and radiology,3¢ and mixed settings.27.32,34 Adults were
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Figure 1 PRISMA flow diagram for scoping study. Abbreviations: PIVC, peripheral intravenous catheter; US, ultrasound.

the focus patient population in 15 studies, with pediatrics
included in 3 studies.23.2834 Clinical populations, where
described, included a mix of DIVA (1773 of 5118, 38.7%)
and non-DIVA participants (61.3%). Nine studies included
patients with DIVA, with a range of definitions provided,
including 1 study that used the A-DIVA scale.3¢ Ultrasound
operators (n = 286) included nurses (71.3%), physicians
(8.0%), paramedics (20.3%), and 2 sonographers (0.4%;
Table 1). None of the studies that examined ultrasound for
PIVC insertion included central venous devices.

Ultrasound Equipment and Insertion
Procedures
Seventeen studies provided details of ultrasound equip-
ment brand and model that fit the scoping study inclusion
criteria of weight (<3 kg) and portability (Table 1). One
study compared the reliability and validity of a handheld
tablet-type and a cart-mounted laptop device in assessing
vein characteristics and detecting thrombus.31 Equipment
selection regarding price, size, portability, features, or capa-
bility was discussed in 2 studies.27.31

Six studies compared USG PIVC insertion with stan-
dard landmark technique.?2.23,27,30,33,34 Dynamic ultrasound
technique (real-time visualization during vessel cannula-
tion) was used in 15 of 17 studies.10,21,22,24-27,29-36 Static
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ultrasound technique (visualization of vessels prior to
cannulation and marking of the skin insertion point),
followed by standard insertion technique, featured in 3
studies.23.29.33 One study that compared dynamic and static
techniques reported more favorable insertion outcomes
(first-attempt success, number of attempts per patient,
time to insertion) when the static method was used.33 In
another study, doctors used ultrasound static technique to
mark the site for the nurses to cannulate.23 Only 1 study
mentioned training nurses in single- and dual-operator
technique.?> Ultrasound probe orientation was described
in 9 studies, with short axis (out of plane) used in 6 stud-
ies,10,23,25,29,33,35 |ong axis (in plane) approach in another,34
and either technique in 3 studies.21.22.36 Probe frequencies
ranged between 5 and 18 MHz (mean = 7 MHz).

Arange of insertion procedural techniques was reported.
Skin preparation for insertion predominantly was described
as routine skin cleansing as for traditional standard PIVC
insertion. Four studies described using a sterile or asep-
tic technique,10.242935 with others reporting Aseptic Non
Touch Technique (ANTT®) with sterile probe cover and ster-
ile gel,10.27 skin disinfection swabs and conventional gel,34
and standard precautions with a nonsterile glove over the
probe.22 One pediatric study placed an acoustic gel ridge
between the transducer and the skin.23 One study used
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antiseptic solution instead of gel,2° and another used bac-
teriostatic lubricant following routine skin preparation and
inserted the PIVC through the gel, without removing the gel
prior to insertion.22 Only 1 study reported using an ultra-
sound probe cover, and sterility details were not includ-
ed.29 Another study described postprocedure equipment
cleaning using germicidal wipes.27 No studies discussed the
maintenance, disinfection, and storage requirements of
handheld ultrasound machines.

Two studies examined interrater agreement. In 1 study,28
practitioners used landmark technique to mark the pre-
ferred vessel, then 2 investigators used ultrasound to mea-
sure vessel characteristics, and the ultrasound images were
later assessed by an expert sonographer. In another study,3!
postinsertion interrater reliability, including vessel depth,
diameter, and detection of thrombus or subcutaneous
edema, was calculated between a trained research nurse
and sonographer.

PIVC Insertion Outcome Measures
A total of 5118 PIVCs were inserted via ultrasound in 4576
patients (4446 adults, 130 pediatrics) across 17 studies; 1
study34 included 91 PIVCs but did not specify the number
of patients. Ten studies10,21,23-25,28,29,32,34,35 reported overall
success rate (mean = 75.5%, standard deviation [SD] =
17.6), and 9 studies10,21,23,2529,30,32,33 reported first inser-
tion success rate (mean = 75.4%, SD = 18.2). Other inser-
tion outcomes included mean attempts,3235 insertion pro-
cedure time,33-36 complications during insertion,21,24,2534
compliance to the algorithm,30 interrater agreement of
ultrasound findings,2831 and mean number of ultrasound
procedures needed to achieve competency.36 Postinsertion
outcomes included PIVC complications,21.253233,35 failure
rates,27.29,30 infection,?2 mean dwell time,22.29 and need for
other vascular access device (Table 1).24.26,27,34

Seven studies described vessel selection based on depth
and diameter,28-32,3435 while others recommended the
widest vein visible up to 1 cm below the skin surface33
or “closest to the skin.”22 Postinsertion sites and vessel
characteristics, including depth, diameter, and presence of
intravenous thrombus or subcutaneous edema, were inves-
tigated for intrarater and interrater reliability outcomes
between a tablet-type and laptop-type device; however,
the raw data were not reported.3! One study found no
significant improvement in the incidence of catheter failure
following the introduction of an algorithm using USG PIVC
placement; compliance to the algorithm was low (16%).30
Four studies reported that implementation or expansion of
a USG PIVC program led to a reduction in the use of more
invasive vascular access catheters.24.26,27,34

Education Strategies and Competence

Ultrasound PIVC insertion expertise was described as
novice, experienced, competent, or trained, with most
studies reporting this criterion. Participants with lit-
tle or no prior ultrasound experience participated in

VOLUME 47 | NUMBER 2 | MARCH/APRIL 2024

9 studies,23-25,27,30,32,34,36 experienced ultrasound users fea-
tured in 5 studies,21,22.26,2935 gnd other studies included
a mix of providers with various levels of ultrasound expe-
rience.10.3133 Ultrasound experience was determined by
either the total number of USG PIVC insertions during a
clinician’s career29:33 or the years of experience inserting
PIVCs with ultrasound.2? Four studies did not define ultra-
sound experience (Table 2).10,21,26,35

Among the 17 studies reviewed, 12 described the ultra-
sound PIVC training program or provided some details on
the training adopted for the study.10,21-25,27,30,32-34,36 Three
studies with experienced ultrasound users did not require
further ultrasound training,26:29.35 and 2 studies required no
specific training in USG PIVC insertion, as this was not the
focus of the study (Table 2).2831

Initial ultrasound training programs ranged from 1 to 12
hours, consisting of a variety of learning strategies, includ-
ing e-learning, didactic sessions, and instructional videos on
vascular anatomy, vein characteristics, vessel location and
assessment, aseptic nontouch technique, and identification
of complications. Ultrasound teaching focused on knobolo-
gy (manipulation of ultrasound knobs and system controls
to obtain optimal images), physics, equipment applications,
ultrasound PIVC insertion techniques (short and long axis),
vein visualization, needle guidance, image interpretation,
and other assistive devices (such as near-infrared devices)
to facilitate insertion success. Theory sessions were gen-
erally followed by practice in simulated settings on gelatin
phantoms (training models). One program included training
in 1-person and 2-person technique.2>

Following the training program, competency was defined
by successful insertion of a minimum number of USG PIVCs,
either self-reported, observed, or assessed by preceptors
or experts. This ranged from successful insertions on phan-
toms progressing to between 1 and 10 successful insertions
in patients. One study provided an ultrasound algorithm
for nurses to follow, but compliance with the algorithm
was reportedly low, which the authors attributed to nurses
being time-poor.30 Another study featured a performance
checklist comprising 29 elements and an audit tool, with
an additional requirement being that the nurses had to
achieve 3 successful USG PIVC insertions per month to
maintain competency.2’” A multicenter prospective obser-
vational study investigated how many USG PIVC insertions
were needed to achieve competency, noting that first-at-
tempt cannulation success dramatically increased with
more experience, with a mean of 34 procedures per practi-
tioner to become competent.3¢ However, other studies did
not report how USG PIVC competence was measured.

Patient and Clinician Perspectives

Five studies reported clinician or patient perspectives
as a secondary outcome.21,23,26,27,32 The total number of
patients included in these studies was over 800, with over
100 staff. However, none of the studies focused predomi-
nantly on clinician or patient perspectives, and most studies
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did not report the actual number of staff or patients who
provided their perspectives of the US technology.

Patient perspectives on handheld point-of-care ultra-
sound for PIVC insertion included reports of decreased pain
and active requests for USG PIVC insertion in the studies
that reported patient viewpoints.27.32 However, nurse anes-
thetist inserters, in a study that included adult and pediatric
inpatients and outpatients with DIVA, perceived no change
in patient discomfort with USG compared to standard PIVC
insertion technique 3 months after their initial ultrasound
training (Table 1).34

Five studies mentioned clinician perspectives on hand-
held point-of-care ultrasound for PIVC insertion?21.23,26,27,32;
these also indicated positive opinions on ultrasound and
its adoption within clinical areas. One study identified high
levels of satisfaction in a feedback survey among junior
medical doctors who completed the ultrasound training
program with remote supervision.32 Operator perceptions
of the ultrasound device featured in 2 studies.2123 In a
study comparing static technique to standard landmark
insertion in pediatric DIVA patients, nurse participants
reported ease of venipuncture in 4 of 18 (22%; 95% Cl,
6%-48%) cannulations in the ultrasound group to be “easy”
or “very easy” despite initial vessel assessments of “diffi-
cult” or “very difficult,” compared to 0 of 17 cannulations
(0%; 95% Cl, 0%-20%) in the standard group.23 In another
study, nurses and paramedics completed an online ques-
tionnaire about their experience (needle visualization,
image quality, Doppler capabilities, navigation, confidence
level) each time they used the handheld ultrasound device
to attempt PIVC access; over the course of a year, 429 (88%)
of 483 cases had a questionnaire completed, with positive
results for all indicators (Table 1).21

The importance of clinical reasoning when assessing
patient vascular access needs and the value of ultrasound
availability for patients with DIVA was identified.2? Another
study, in which a doctor performed all of the USG cannula-
tions, found that nurses strongly favored a service providing
USG for PIVC insertion, perceiving benefits to patients.26
In a follow-up survey after the service was introduced,
93% of nurses indicated that the service prevented delays
in patient care; 73% reported that if the service were not
available, a central venous catheter would have been
required for the patient; and 100% agreed that the service
should be permanently available on their ward.26

DISCUSSION

In this scoping review, 17 studies detailing the use, out-
comes, and perceptions associated with compact ultrasound
devices for PIVC insertion were identified. Ultrasound-
guided technology for PIVC insertion has been adopted by
many inserters and institutions globally, and it is now rec-
ommended by the Infusion Nurses Society as best practice
for patients with DIVA.37 Bulky and expensive ultrasound
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machines have often been rationed to use in specialty
areas, but the miniaturization of ultrasound provides scope
for greater adoption of this technology across the range of
settings where PIVCs are inserted.

Study Characteristics

While single hospital sites have dominated the research to
date, multisite studies may afford diverse experiences, larg-
er recruitment, increased generalizability, external validity,
high scientific rigor, and reliability to transform clinical prac-
tice and inform ultrasound PIVC policies and guidelines.38
Greater portability and miniaturization of ultrasound devic-
es afford investigation on their use and benefits for PIVCs in
prehospital and nonspecialty areas. Adoption of this tech-
nology into prehospital, hospital-in-the-home, older adult
care, general practice, community, and regional and remote
settings warrants further investigation. Eight studies (47%)
were conducted in general medical-surgical settings, which
may correlate with increasing availability and more afford-
able devices.??

Only 3 studies included pediatrics23.28.34; yet this popula-
tion presents unique physical and psychological challenges
with PIVC insertion, given their smaller anatomy and low
cooperation. Challenges in managing devices, securing and
stabilizing insertion sites, and simultaneously inserting the
PIVC may explain this paucity. Furthermore, a much higher
skill is required for smaller vessels ranging between 0.05
and 3.07 mm.39

Studies were limited to higher-income regions. No stud-
ies were conducted in lower-resourced regions or countries
with predominantly darker skinned populations, where
inserters may face challenges using visualization technique
alone. The contribution of skin tone to PIVC insertion suc-
cess or failure is an underresearched area. Access to expen-
sive ultrasound machines may be challenging in lower
resourced countries and regions; therefore, more afford-
able compact ultrasound devices may provide a solution.

Ultrasound Equipment and Insertion
Procedures

To the authors’ knowledge, this is the first review to focus
on miniaturized ultrasound technology for PIVCs; identi-
fying studies that focused on these machines was a chal-
lenge. Even in the included studies, few authors reported
device size, weight, portability, or mode of transport to
the patient. A wide variety of ultrasound equipment fea-
tured in the included studies; yet, no studies provided
a reason for using the smaller devices, and only 1 study
compared device performance with standard ultrasound
equipment.3! Information regarding equipment features,
usability, acceptability, value, and efficacy is needed for
informing purchase decisions. With more clinicians and
organizations looking to adopt or embed ultrasound into
PIVC practice, authors should clarify differences between
devices. Interestingly, the effects of probe shape (linear or
hockey stick), frequency, and footprint on image quality or
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insertion success were not investigated in any of the studies
using compact devices, despite these features being critical
for image quality. Furthermore, it would be worthwhile
to investigate the relationship between image quality and
insertion success rates. Although insertion axis was report-
ed in 8 (47%) of the studies, the effect of probe orientation
on PIVC insertion success using smaller devices was not
investigated.

Most studies adopted dynamic, real-time technique; 3
used static technique. In the study that compared dynamic
and static ultrasound with standard insertion technique in a
prehospital setting, the static technique of locating suitable
vessels prior to standard insertion technique was described
as both “simpler” and “superior”33; this warrants further
investigation. With compact ultrasound devices, vessel
assessment using static technique could be easily incorpo-
rated into PIVC training programs, prompting a “look before
you stick” approach.

One pediatric study, in which the doctors visualized the
vein with ultrasound, then marked it for the nurses to can-
nulate, reported using “an acoustic gel ridge between the
transducer and the skin” to improve vein visualization in
limited anatomical space.?3 Dual-operator technique, with
1 person controlling, manipulating the probe, and stabiliz-
ing the site, while the other person inserts the PIVC may
be an option. Given the complexity of probe positioning
and real-time insertion, ultrasound screens attached to the
inserter’s wrist or probes with screens should be explored,
particularly for single-user technique.

From an infection prevention perspective, clarity is
needed on skin preparation technique, necessity for sterile
gloves and ultrasound probe covers, and procedure for dis-
infection of the ultrasound probes and devices after each
use. In addition, guidance is lacking on device maintenance
and secure device storage.

PIVC Insertion Outcome Measures

Seven studies described vessel selection based on depth
and diameter; future research should be conducted to
identify if such vessel properties impact catheter survival.
No studies reported catheter-to-vein ratio. With nearly
50% of PIVCs failing postinsertion,40 ultrasound exam-
ination of vessel characteristics, in conjunction with PIVC
type, material, size, catheter length, length in vessel, and
catheter-to-vein ratio is critical. Using ultrasound to inform
vessel choice, assist PIVC placement, and evaluate postin-
sertion catheter position and tissue irritation could ensure
optimal placement, which would improve catheter survival
and reduce complications and early failure.31 The value of
ultrasound in detecting preventable causes of PIVC failure
and guiding early removal to prevent complications should
also be explored. Ultrasonography was used in 1 study3!
to assess interrater reliability in assessing thrombophle-
bitis with a tablet ultrasound and a cart-mounted model;
however, no thrombophlebitis was detected in the study.
Previous studies have reported using larger ultrasound
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machines to assess thrombophlebitis in extant PIVCs,541
but it would be helpful to know if compact ultrasound
devices are efficacious for this purpose.

Education Strategies and Competence
The reporting of ultrasound skills, education, teaching, and
learning strategies varied considerably among studies in
this review. Providing ultrasound training and maintaining
competency among clinicians inserting PIVCs, particularly
in DIVA populations, is a priority. Most training programs
incorporated some didactic component, followed by simu-
lated cannulation on gel phantoms, and then real-life prac-
tice on patients. One study reported a remotely supervised
ultrasound training program.32 Other USG PIVC training
strategies featured in the literature that hold promise
include artificial intelligence vessel image interpretation,42
immersive virtual reality,3 peer-assisted learning,4* and
clinician rotations to the hospital vascular access team.4>
Achieving competence with USG PIVC insertion is an
area that needs more research, particularly as the studies
in this review reported a wide range of successful cannu-
lations needed for minimal competency. Included studies
used a competence checklist?” and an algorithm30 with
variable outcomes. Longer-term maintenance of USG PIVC
insertion competency was not detailed by any studies. One
of the included studies required 3 insertions per month?7;
other authors have suggested that 10 insertions per year
are required to maintain proficiency.4¢ Another method
of competency assessment reported in the literature is
hand motion analysis, but further work is needed.47 Video
recording of insertion and postinsertion assessments could
be valuable for assessing competence and providing an
objective view of success, reducing examiner bias. It may
also provide a powerful learning and teaching platform.

Clinician and Patient Perspectives
With growing numbers of patients experiencing difficult
cannulation, USG PIVC insertion should be more broadly
available. In the 2 studies reporting patient perspectives,
feedback was positive,27.32 which is consistent with pub-
lished literature.48-50 Patients with difficult access featured
in over half of the studies, yet clinician perspectives of the
portable ultrasound technology were rarely reported. In
1 study, nurses and paramedics in the emergency depart-
ment had positive perceptions of the equipment and its
effect on their confidence.2! One study found that nurses
perceived PIVC insertion in pediatric patients with difficult
access was easier than expected, but the sample size was
small.23 The only other study to report nurses’ perspectives
was after the implementation of a doctor-led USG PIVC ser-
vice; not surprisingly, nurses believed the service reduced
care delays and alleviated the need for escalation to more
invasive central venous access devices.26

Future studies should explore the use of portable ultra-
sound devices in outpatient clinics and hospital-in-the-home
care. It would also be helpful to compare user perspectives
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and PIVC insertion success rates of larger cart-mounted
models with smaller handheld or pocket devices. As nurses
are responsible for the majority of PIVC insertions, their
perspectives on this technology would be highly valuable,
and patient perspectives are also sorely needed.

Implications for Policy/Practice/Research
Ultrasound adoption for PIVC insertion and maintenance
will continue to expand in the coming decade, particularly
with the increase in more portable, affordable devices.
This demands a structured, methodical, and orderly intro-
duction, teaching, and adoption to ensure standardized
uptake of the new technology. Clear policies, procedures,
guidelines and research regarding device ownership, device
management and storage, patient consent, confidentiality,
data security, software licenses, and infection control pro-
cedures need to be urgently addressed. The lack of stan-
dardization regarding the use of sterile versus nonsterile
probe covers, equipment cleaning, and decontamination
between patients may create infection-related problems as
technology uptake increases and more data on ultrasound
PIVC infection rates become available.51

Benefits of the lightweight devices include being less
expensive and easier to carry for clinicians, but evidence
supporting their equivalence in vessel visualization to
cart-mounted models is lacking. As technology advances,
clinicians and researchers should engage in robust research
comparing performance and publish their findings. Unlike
the stethoscope, ultrasound is technically challenging, and
expertise with this technology demands specialized skills
and training. More research and evidence for safe, stan-
dardized implementation is also needed. Education pro-
grams with reliable teaching methods, applicable content,
and simulated learning and teaching are essential.

The progression of ultrasound novice to proficient user
should also be examined, with more research into skill
development. For instance, there may be benefits in
commencing ultrasound training using the static insertion
method and then progressing to the dynamic method,
rather than teaching the dynamic method as the primary
technique. Some may perceive the dynamic method as
most valuable, while others may consider a natural pro-
gression from simple static assessment to more complex
real-time insertion as more beneficial32; evidence is lack-
ing, and further investigation would be welcome. Operator
factors, such as single versus dual operators and the effect
on teaching, learning, and insertion success should also be
more extensively explored.

Gaps in both research and clinical use for ultrasound
currently exist.53 Compact, portable ultrasound devices
could be useful in home care and out-of-hospital settings,
such as emergency transportation by ambulance, but more
research is required in these settings.3031 As ultrasound
equipment becomes more variable in price, size, weight,
and dimensions, clear classifications and definitions need
to be specified. Device durability, image quality, data
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storage capacity, wireless connectivity, and image transfer
vary considerably between ultrasound models and will
undoubtedly continue to be upgraded and improved.13
More comparative studies between different platforms and
models are required to determine reliability, usability, and
acceptability by clinicians and patients.

Point-of-care handheld ultrasound could also have value
for PIVC auditing, research, and competency assessment.31
Universal consensus regarding the value of ultrasound for
vessel assessment pre- and post-PIVC insertion is required.
Given the large volumes of PIVC insertions, the prevalence
of DIVA, and high rates of PIVC failure globally,> more
research relating to PIVC insertion using portable ultra-
sound devices is needed. With smaller, more affordable,
and more accessible ultrasound devices, there is no longer
the need to rely on suboptimal traditional techniques that
have resulted in up to 49% of first insertion and 75% postin-
sertion failures.>

STRENGTHS AND LIMITATIONS

This is the first scoping review, to the authors’ knowledge,
on the use of compact ultrasound devices for PIVC insertion.
This review assisted with the classification of ultrasound
equipment, based on weight and mode of transportation to
the bedside and point of care. The classification will create
clarity for clinicians and researchers when assessing results
and efficacy and assist with decisions for purchase and
adoption. This scoping review focused on ultrasound equip-
ment weighing =3 kg; however, the weight of most devices
was not explicitly reported, and dimensions were retrieved
from product information sheets available online. Studies
reviewed were limited to English due to the authors’ lack
of academic fluency with other languages. The literature
identified may be subject to publication bias, whereby
evaluations with less favorable results are less likely to be
published than those with positive findings.

CONCLUSION

The increasing availability and affordability of compact
handheld or hand-carried ultrasound devices will lead to
an expansion in their use in the coming decade. Improved
access to ultrasound capability across inpatient and out-
patient settings could improve PIVC insertion success
and reduce postinsertion failure, particularly for patients
with DIVA. However, this review has identified that more
research into their use and functionality for PIVC insertion
and maintenance is required.
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