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Abstract
Background: Peripheral intravenous catheter (PIVC) failures 
remain common, hindering patient care. Ultrasound-guided 
PIVC (USG-PIVC) placement offers improved first-time 
and overall insertion success rates, reduced complications, and 
enhanced patient satisfaction. Yet, in our adult intensive care 
unit (ICU), most USG-PIVCs were placed by physicians, a skill 
that nursing staff could also benefit from acquiring.

Purpose: Our aim was to select the most appropriate handheld 
ultrasound device and develop a comprehensive USG-PIVC 

nursing education program to improve PIVC success rates and 
enhance patient care.

Methods: This quality improvement initiative’s literature review 
guided development of an education model and evaluation of 
three handheld ultrasound devices. Nurses received two hours 
of didactic training , two hours of classroom simulation, and 
supervised clinical practice. Outcomes were analyzed by the lead 
ICU clinical educator.

Results: Five ICU nurses performed 76 USG-PIVC placements 
with 70%–90% overall insertion success rates, i.e., within two 
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attempts. The preferred of three ultrasound devices was selected 
for its highest success rate, portability, transducer probe, and 
screen integration lending to ease of use, quick start-up, and 
clinical support. Nurses were overwhelmingly positive about 
the education program, as evidenced by informal qualitative 
feedback collected at each end of session.

Conclusion: Our comprehensive USG-PIVC insertion program 
empowers nurses to improve vascular access through a structured 
approach, combining online learning, simulation, and supervised 
clinical practice, with effective ultrasound technology selection. 
This approach provides other organizations with insight to equip 
nurses and leverage ultrasound technology toward meeting the 
2024 Canadian Vascular Access Association guidelines’ (in press) 
recommendations for ultrasound guidance and product selection.

Résumé
Contexte : Les échecs d’insertion des cathéters intraveineux 
périphériques (CIVP) demeurent fréquents et entravent les soins 
aux patients. L’insertion de CIVP sous guidage échographique 
est susceptible d’améliorer les taux de réussite de la première 
insertion et de toutes les insertions en général, de réduire les 
complications et d’accroître la satisfaction des patients. Pourtant, 
dans notre unité de soins intensifs (USI) pour adultes, la plupart 
des insertions de CIVP sous guidage échographique ont été 
réalisées par des médecins ; il s’agit-là d’une compétence que le 
personnel infirmier gagnerait également à acquérir.

Objectif  : Notre objectif consistait à sélectionner l’appareil 
d’échographie portatif le plus approprié et d’élaborer un 
programme de formation intégral du personnel infirmier sur les 
CIVP sous guidage échographique en vue d’améliorer les taux de 
réussite des CIVP et la qualité des soins aux patients.

Méthodes : La revue de la littérature relative à cette initiative 
d’amélioration de la qualité a éclairé l’élaboration d’un modèle 
de formation et l’évaluation de trois appareils d’échographie 
portatifs. Le personnel infirmier a reçu deux heures de formation 
didactique, deux heures de simulation en salle de classe et une 
séance de pratique clinique supervisée. Les résultats ont été 
analysés par l’éducateur clinique responsable de l’USI.

Résultats : Cinq infirmières et infirmiers de l’USI ont réalisé 
76 insertions de CIVP sous guidage échographique avec un taux 
de réussite global de 70 à 90 %, c’est-à-dire en deux essais. Le 
meilleur des trois appareils d’échographie a été sélectionné sur 
la base des critères suivants : le taux de réussite le plus élevé, la 
plus grande portabilité, la meilleure sonde de transducteur et la 
meilleure intégration d’écran permettant une utilisation facile, un 

démarrage rapide et un soutien clinique accru. Les infirmières 
et infirmiers ont été très satisfaits du programme de formation, 
comme en témoignent les commentaires informels recueillis à la 
fin de chaque séance.

Conclusion  : Notre programme de formation complet sur 
l’insertion de CIVP sous guidage échographique permet au 
personnel infirmier d’améliorer l’accès vasculaire grâce à une 
approche structurée, combinant l’apprentissage en ligne, la 
simulation et la pratique clinique supervisée, avec une sélection 
d’appareils d’échographie efficaces. Cette approche permet à 
d’autres organisations d’équiper leur personnel infirmier et de 
tirer parti des technologies d’échographie pour satisfaire aux 
recommandations sur le guidage échographique et le choix 
des produits, formulées dans les Lignes directrices 2025 (sous 
presse) de l’Association canadienne d’accès vasculaire.

Keywords: ultrasound, peripheral intravenous catheters, 
nursing education, nurse training

Background

Peripheral intravenous catheters (PIVCs) are the most 
common invasive procedure patients experience 

worldwide (Bahl et al., 2022). Given the universal need 
for PIVC access, one would expect high quality outcomes. 
Sadly, a plethora of evidence indicates we are not meeting 
this patient need adequately, with PIVC failure rates 
reported as high as 59% (Bahl et al., 2022; Berlanga-
Macías et al., 2022; Helm et al., 2015). These failures are 
not benign and may lead to repeated venipuncture, pain, 
patient distrust in healthcare providers, unnecessary 
central venous access, infection, delays in treatment, and 
prolonged hospital stays, significantly impacting patient 
care quality (Bahl et al., 2022; Berlanga-Macías et al., 2022; 
Davis et al., 2021; Prasad et al., 2022; Sou et al., 2017).

Successful peripheral venipuncture is challenging, particularly 
in patients with difficult venous access (e.g., no visible or 
palpable veins). Furthermore, frequent cannulations and 
vessel damage can lead to venous depletion, which requires 
placing more invasive, risky, and costly venous access devices 
(Helm et al., 2015; Sou et al., 2017). 

Palpation and, less commonly, near-infrared technology 
are used for landmarking veins for venipuncture. With 
palpation, a traditional method, the healthcare professional 
feels a vein with their fingers. This is typically used to assess a 
vein’s depth, width, and direction prior to catheter insertion. 
Near-infrared technology emits a low-frequency light that is 
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absorbed by hemoglobin, creating a contrast that makes the 
veins appear darker than the surrounding tissues. Palpation 
and near-infrared technology’s effectiveness is limited 
in patients with excess weight, dehydration, or very dark 
skin tones, rendering veins less prominent. A randomized 
controlled trial of 270 patients found ultrasound guidance 
outperformed these methods, leading to a significant 
increase in first-stick success rates (Yalçınlı et al., 2022). 
Those authors recommended against using near-infrared 
technology for first-stick success in patients with difficult 
venous access because evidence of superiority over standard 
palpation or ultrasound technique is lacking.

Ultrasound guidance technology surpasses traditional 
palpation’s limitations, offering a visual approach that allows 
assessment of vessel health and surrounding structures, 
optimal vessel selection, and precise cannulation, thus resulting 
in shorter procedure times, prevention of unnecessary central 
venous access device placements, high success rates, healthcare 
provider resource efficiency, greater nurse autonomy, reduced 
clinic delays due to vascular access, and patient satisfaction 
(Bahl et al., 2022; Berlanga-Macías et al., 2022; Edwards 
& Jones, 2018; Jørgensen et al., 2021; Peters et al., 2021; 
Scoppettuolo et al., 2016; van Loon et al., 2018). In a cohort 
study of 379 patients (Sou et al., 2017), ultrasound-guided 
PIVC (USG-PIVC) insertion attempts resulted in significantly 
lower pain scores, with a median of 2 out of 10 (interquartile 
range 1–3), compared to 7 out of 10 (interquartile range 5–9) 
for previous attempts without ultrasound (p < 0.001). As the 
above data illustrates, ultrasound guidance is a valuable tool 
for improving patient experience.

A metanalysis of eight studies, with a total of 1,660 patients, 
comparing USG-PIVC access to the palpation and direct 
visualization methods found USG access was nearly 2.5 times 
more likely to be successful (pooled odds ratio 2.49; 95% 
confidence interval 1.37–4.52, p = 0.003), with significantly 
higher patient satisfaction (p < 0.001; van Loon et al., 2018). 
Similar to the traditional palpation method however, USG-
PIVCs present complications, such as technical difficulties 
during insertion (e.g., advancing catheter in vessel), pain, 
thrombi, phlebitis, infiltration, arterial or nerve puncture, 
and infection (Bagley, 2022; Berlanga-Macías et al., 2022; 
Scoppettuolo et al., 2016). Van Loon et al.’s systematic 
review (2018) reported only one study with the ultrasound 
group having lower pain scores than the palpation group (p = 
0.013) and where arterial and nerve puncture and infiltration 
rates did not differ.

An umbrella review (Berlanga-Macias et al., 2022) and 
a systematic review ( Jørgensen et al., 2021) both reveal 
a multitude of professionals performing USG-PIVC 
insertions: anesthetists, physicians, pediatricians, nurses, 
emergency department (ED) technicians, medical and 
nursing students, and researchers. The ED placed the most 
USG-PIVCs, followed by ICUs, operating rooms, trauma 
centres, or surgical hospitalization units (Berlanga-Macías 
et al., 2022; Jørgensen et al., 2021), as well as oncology and 
post-anesthesia care units (van Loon et al., 2022).

A retrospective review of 5,186 ED patients with difficult 
venous access found superior outcomes for nurse-inserted 
USG-PIVCs compared with physician-inserted USG-
PIVCs (p < 0.001) for reduced time-to-IV access, time-to-
laboratory-results, time-to-IV-analgesia, and reduced ED 
length of stay (Davis et al., 2021). Given the above evidence, 
Canadian and international best practice guidelines 
recommend USG-PIVC placement, particularly for difficult 
vascular access and midline catheters (Canadian Vascular 
Access Association [CVAA], 2019; Nickel et al., 2024).

Establishing a USG-PIVC insertion program
Learning USG-PIVC placement requires skill and knowledge 
while transitioning to a more complex procedure 2D image 
( Jørgensen et al., 2021). The recommended approach is a 
structured curriculum of theoretical coursework, hands-
on practice in a simulated setting, and supervised clinical 
experience (Bagley, 2022; Jørgensen et al., 2021; Stuckey & 
Curtis, 2018; van Loon et al., 2019; van Loon et al., 2022).

Project rationale and aim
Anecdotally, our unit observed suboptimal outcomes related 
to PIVC failures (e.g., multiple venipuncture attempts and 
unsuccessful insertions), consistent with existing literature. 
Despite positive anecdotal reports from a few critical care 
nurses, USG-PIVC placement remained a physician-only 
practice due to limited access to training and equipment for 
nurses.

To address this issue, our quality improvement initiative 
aimed to
1.	 select a handheld ultrasound device: identify the most 

appropriate for our unit’s needs and ensure nurses have 
easy access;

2.	 develop a comprehensive USG-PIVC education 
program: design and implement a training program to 
equip nurses with the necessary knowledge and skills for 
USG-PIVC competency; and
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3.	 enhance patient care: optimize nursing PIVC placement 
competency to reduce PIVC insertion failures, associated 
complications, care delays, and to improve patient 
experience.

Methods
This quality improvement initiative adopted a framework 
similar to Bagley (2022), using Rogers’ five-stage change 
theory to guide implementation of a USG-PIVC insertion 
program. In alignment with Rogers’ change theory, trial 
feedback was incorporated contemporaneously, evolving the 
program (Rogers, 1995). We conducted an informal literature 
review to determine the feasibility and elements of a program 
for USG-PIVC placement in our Canadian adult intensive 
care unit. The review conducted used the PubMed database 
to identify studies published within the past 10 years, with 
search terms, such as “ultrasound-guided peripheral IV” and 
“education program” or “outcomes.” An environmental scan 
was performed in our hospital to determine current users of 
ultrasound guidance for cannulation and ultrasound device 
selection criteria. We also communicated verbally with 
interprofessional team colleagues to ensure the program 
would be well-received and we secured necessary funding 
for ultrasound device acquisition. 

Education protocol
We collaborated with a vendor-supported clincal specialist 
to develop and implement the USG training program, 
which incorporated adult learning theory, mastery learning 
(building upon previous steps mastered), and insights from 
the literature review. The unit manager and educator invited 
ICU nurses on the Critical Care Outreach Team to participate.

The above-mentioned recommended approach determined 
the education program’s three phases: theoretical, 
simulated skills application, and clinical skills application. 
Participants in the first training group completed a two-
hour didactic classroom session, which was changed to an 
asynchronous online knowledge assessment with the two 
subsequent groups. A two-hour simulation lab followed 
where participants performed vessel and nerve anatomy 
assessment on fellow classmates using ultrasound guidance 
and used an inanimate tissue simulation model (see 
Technology) to develop cannulation skills and advance 
ultrasound mastery. Each participant performed a mock 
procedure, focusing on positioning the patient and clinician 
for success (e.g., elevating the bed, marking vessel direction 
on the arm, and ensuring probe, catheter, and inserter 

alignment with vessel direction). A USG-PIVC insertion 
nursing policy and competency validation checklist were 
provided to each participant. After successfully completing 
approximately three simulated insertions, mentored by the 
Clinical Specialist or Educator, the participants applied their 
learned knowledge and skills on patients in the ICU unit or 
elsewhere in the hospital requiring peripheral venous access.

The goal was for each nurse to perform 10 insertions 
using each of the three handheld devices for two weeks, 
documenting the insertion outcomes on a written tool. The 
10 insertions were evaluated by the vendor clinical specialist 
and/or the clinical nurse educator. Measures included the 
number of successful and unsuccessful attempts, success 
rates (in percent), procedural complications (inadvertent 
arterial or nerve puncture, infiltration, thrombosis, or 
infection), gauge and length of IV catheter, and perceived 
ease of use and advantages or disadvantages of the 
ultrasound device on a scale of one to five (advantages and 
disadvantages described in Results). The clinical nurse 
educator conducted chart audits of patients who received 
USG-PIVC insertions, to identify PIVC-related procedural 
and post-placement complications. 

Technology
A review of available handheld ultrasound devices identified 
three devices to be evaluated: IP EchoTM, Nipro Canada, 
Ontario, Canada (Device 1); LumifyTM, Philips, Ontario, 
Canada (Device 2); and L20 HD3

TM, Clarius, British 
Columbia, Canada (Device 3; Figure 1). An inanimate 
venous ultrasound training model (Blue PhantomTM, Fisher 
Scientific, Waltham Massachusetts, USA) was used for 
simulated cannulations.

PIVC insertion procedure
The USG-PIVC insertion protocol included the use of 
chlorhexidine 2% skin antiseptic and either sterile technique 
(using a sterile drape, ultrasound probe cover, and gloves) 
and a bordered transparent dressing with integrated 
securement or aseptic non-touch technique, using a sterile 
transparent dressing integrated with a gel barrier (technique 
selected based on nurse preference). A longer 4.75cm, 
20-gauge peripheral IV catheter was used for vascular access.

Data collection and analysis
To show the effectiveness and usability of USG-PIVC 
placement within the ICU, participating nurses completed 
two unit-specific, paper-based data collection tools after 
each successful insertion. The ultrasound device evaluation 
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tool captured the following data: ultrasound device, ease 
of use and perceived disadvantages of ultrasound device, 
procedural complications, attempt outcome, and open text 
feedback. The placement log captured date, unit, site and 
catheter gauge/length, number of attempts, and comments. 
Data analysis included a descriptive analysis of nursing 
feedback and presentation of categorical data, such as 
frequency counts and success rates. 

Ethical considerations
As a quality improvement initiative, formal research ethics 
board approval was not required. Unit manager approval 
was obtained, and all participating healthcare providers were 
bound by institutional policies and professional standards, 
including adherence to guidelines for patient consent, data 
privacy, and the minimization of risks. These safeguards 
ensured the initiative’s integrity.

Results
A total of 76 insertions by five ICU nurses were completed 
on adult patients throughout the hospital, using the three 
handheld ultrasound devices under evaluation. Success rates 
ranged from 70%—90% (Figure 2).

Ultrasound device evaluation
Most successful insertions were performed using Device 1 
(Figure 1). Nursing staff reported Devices 1 and 2 as 
easiest to use (4 on a scale of 1 to 5), while Device 3 was 

rated 2 on the scale. Advantages and disadvantages were 
related to battery life, connectivity, visualization (gain/
depth), appropriate ultrasound probe temperature (did not 
overheat), functionality, and ergonomics (Figure 1). Besides 
the higher success rate and ease of use, the nurses gave 
positive feedback on these device features: a) portability 
(light and easy to manoeuvre); b) screen and transducer 
probe integration (no additional monitor or transducer 
cords reduced the eye-hand coordination learning curve); 
c) quick and easy start-up (no communication with a 
secondary monitor or app; no wifi needed); and d) clinical 
support (comprehensive training program by clinical 
specialist; see Device 1, Figure 3). 

Figure 1

Comparative Evaluation of Handheld Ultrasound Device Features

Figure 2

USG-PIVC Insertion Success in Relation to Ultrasound Device 
Type

Hartley, T., Kluszczynski, J., & Broadhurst, D.
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Evaluation of education program
Evaluation of the five participants’ qualitative open text 
responses revealed an overwhelmingly positive experience 
with the education program. Participants reported increased 
nursing knowledge and improved patient care. One trainee 
noted, “I have had great success with the device. I have had 
a success rate of 98% with the ultrasound. I find it extremely 
helpful and worthwhile to use.” Another trainee stated, “I 
use the ultrasound machine to start IVs almost every shift. 
Especially during my assignments as part of the Critical 
Care Outreach Team, I typically carry the ultrasound device 
around in my pocket.” Constructive feedback included reports 
of nurses’ frustration with the time commitment required to 
apply new skills and the didactic portion’s length.

Communication was amended during course registration 
to set clear expectations on the program format, addressing 
participant feedback regarding the didactic portion’s length. 
Knowledge-based theoretical learning was modified to 
completion of an asynchronous 1.5-hour online course, 
reviewing ultrasound fundamentals, vessel anatomy, and best 
practices for PIVC insertion (BBraun Ultrasound Guided 
Peripheral Intravenous Catheter Insertion Instruction 
Course [non-CE] https://www.bbrauneuniversity.com/
ultrasound-guided-peripheral-intravenous-catheter-
insertion-instructional-course-non-ce), which could be 
accessed anywhere and anytime (time reimbursed by 
the employer). Participants had to pass an online quiz to 
demonstrate their understanding of the course material. 
This change ensured participants had a strong foundation 
in the theoretical aspects of USG-PIVC insertion before 
proceeding to simulation and clinical practice.

The learning process’s third phase necessitated applying 
USG-PIVC insertion skills on patient units. A lack of 
patients requiring placement during scheduled training 
sessions hindered learning and restricted opportunities to 
practise these procedures under direct trainer supervision. 
To address this challenge, two subsequent training sessions 
were modified adding communication with nursing 
managers on units known for a higher volume of PIVCs 
(e.g., emergency department, ambulatory infusion clinics, 
radiology), requesting notification of patients requiring 
peripheral access. Another challenge was the Clinical 
Specialist/Clinical Nurse Educator’s sole responsibility 
for clinical supervisions. However, with nurse feedback 
emphasizing the need for available USG-PIVC insertion 
mentors, we expanded the supervisor pool with experienced 
USG-PIVC insertion nurses. This change facilitated more 
consistent and timely support for trainees.

Program synthesis. Our comprehensive USG-PIVC 
education program model emphasizes essential success 
components: structure, content, participant and mentor 
characteristics, device and supply considerations, vendor 
support, and change management (Figure 4). This robust 
sustainable program equips healthcare providers with 
effective USG-PIVC implementation skills, leading to 
improved patient outcomes and fewer invasive procedures. 
While we lacked specific data to quantify these improvements, 
our ability to achieve first-stick success, facilitate timely 
procedures, and extend catheter dwell times, significantly 
enhanced our team’s efficiency and effectiveness. 

Next steps. Following trial result evaluations, the USG-
PIVC education program successfully transitioned to 
standard practice for specially trained unit nurses. To date, 
13 nurses (approximately 17% of staff) have completed the 
program, led by the critical care nurse educator. Initially, 
training focused on enhancing the Critical Care Outreach 
nursing team’s ability to place catheters in patients within 
and outside the ICU and now includes any interested unit 
nurses. Our program evolution is described in Figure 5. 
Additionally, inspired by the program’s success in the ICU, 
the ED also acquired the same ultrasound device and is 
implementing the education program.

Discussion
Our multi-faceted approach to USG-PIVC education, 
combining theoretical instruction, practical training, and 
supervised USG-PIVC insertions, presents an effective 
training model (Bagley, 2022; Stuckey & Curtis, 2018). 

Figure 3

Handheld Ultrasound Device 1

Optimizing peripheral intravenous catheter insertion: A structured ultrasound device 
selection and education program quality initiative for intensive care unit nurses

Ultrasound device preferred by participants is easy to use with 
integrated screen on probe (Copyright permission: Nipro Canada).

https://www.bbrauneuniversity.com/ultrasound-guided-peripheral-intravenous-catheter-insertion-instructional-course-non-ce
https://www.bbrauneuniversity.com/ultrasound-guided-peripheral-intravenous-catheter-insertion-instructional-course-non-ce
https://www.bbrauneuniversity.com/ultrasound-guided-peripheral-intravenous-catheter-insertion-instructional-course-non-ce
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Figure 4

Model for USG-PIVC Program Success

Note: USG-PIVC = ultrasound-guided peripheral intravenous catheter; CVAD = central vascular access device; DIVA = difficult 
intravenous access; ANTT = aseptic non-touch technique; USG = ultrasound-guided.

Note: ICU = intensive care unit; USG-PIVC = ultrasound-guided peripheral intravenous catheter.

Figure 5

Evolution of ICU Critical Care USG-PIV Education Program]

Hartley, T., Kluszczynski, J., & Broadhurst, D.

Our initiative highlights several key determinants of 
success: selecting the appropriate ultrasound and catheter 
technology, ensuring well-trained and competent clinicians, 
and providing ongoing supervision from experienced and 
accessible mentors. These factors collectively contribute to 
the published benefits of ultrasound guidance: successful 

insertions, shorter procedure time, and, ultimately, 
improving patient safety (reduced complications and 
unnecessary central venous access device placements) and 
satisfaction (Bahl et al., 2022; Berlanga-Macías et al., 2022; 
Edwards & Jones, 2018; Jørgensen et al., 2021; Peters et al., 
2021; Scoppettuolo et al., 2016; van Loon et al., 2018).
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Selecting ultrasound technology
User-friendly ultrasound device. Handheld ultrasound 
devices are typically a capital equipment purchase. The 
clinical specialist has seen several programs that purchased 
ultrasound devices without a thorough product evaluation 
or comprehensive training, leading to devices sitting on the 
shelf unused or costly acquisition of an alternate device that 
meets their needs better. Our program’s structured approach 
to device selection, evaluating three devices, each over a 
two-week period, resulted in acquiring a device that met our 
program’s needs. The Canadian Vascular Access and Infusion 
Therapy Guidelines (CVAA, 2019) advise organizations to 
adopt a structured approach to product evaluation, using 
a product-specific evaluation tool, and ensuring users are 
educated. We evaluated the devices’ designs, performance, 
infection prevention, and vendor support elements. Figure 1 
provides a list of specific ultrasound device criteria to consider 
in device selection. Our selected handheld device’s screen is 
integrated into the probe, which reduces eye movement away 
from the site to see the screen, making it easy to use. Eye-
hand coordination (holding the probe and looking away at 
the monitor) was described as the most difficult aspect of 
ultrasound guidance (van Loon et al., 2022).

Catheter length matters. A critical element impacting success 
of USG-PIVC placement is the type of catheter used for 
cannulation. The ultrasound manufacturer suggested we 
procure a longer PIVC (4.78 cm; not in our inventory), as data 
indicates longer catheters are crucial to USG-PIVC success. 
In a study of 257 adult ED patients, only 63% of PIVCs 
remained in place until the end of therapy (Bahl et al., 2022). 
Longer catheter lengths (more than 2.75 cm) were associated 
significantly with improved PIVC survival (adjusted hazard 
ratio [aHR] 0.58, p = 0.01) with longer dwell time. It is 
hypothesized that greater vein purchase (catheter within 
the vein) stabilizes the catheter and prevents vessel irritation 
from tips rubbing against the posterior vein wall (Bahl et al., 
2022). A recent descriptive study demonstrated a first-stick 
success rate of 95% and treatment success rate of 84% with a 
dwell time up to 80 days with a long 64 mm PIVC (Godfrey 
& Gallipoli, 2024). We do not have complication rate data to 
determine the longer cather’s impact on clinical outcomes.

A study of 76 adult patients in an Italian ED, indicated using 
longer 8–10-cm catheters and the Seldinger technique, a 
short guidewire and ultrasound guidance, provided fast and 
reliable vascular access in the ED (Scoppettuolo et al., 2016). 
A prospective observational study concluded that a shorter 

4-cm 20-gauge version of that catheter and guidewire system 
was superior for PIVC survival to completion of therapy 
than either a 3.2- or 4.5-cm catheter without guidewire 
(Smith-Hanratty & Walker, 2024). Focused on building our 
program, we have not yet explored this Seldinger technique.

Our training program emphasizes the importance of 
assessing vein depth. Vein depths greater than 1.2 cm are 
associated with increased risk of catheter failure, possibly 
due to less catheter in the vein or increased opportunities 
for kinking and bending in longer vessel pathways (Bahl et 
al., 2022). These researchers also recommend placement in 
the non-dominant extremity, having found dominant arm 
placement an independent risk factor for PIVC failure. 

Facilitating successful learning
Realistic goals. Nurses in our training program’s early phase 
reported some frustration with the length of the classroom 
didactic training portion, which critical care nurses also 
initially expressed in Bagley’s program (2022). We shifted to 
setting clear course objectives and expectations for potential 
participants prior to and at the course onset, to ensure realistic 
expectations about the learning curve trajectory (e.g., this 
cannot be a “see one, do one” approach). For example, van 
Loon and colleagues’ (2022) observational study found initial 
insertion time was 14±3 minutes, which reduced to 3±1 
minutes during the fortieth procedure (p < 0.001). 

Multimodal step-wise training. Our attributing our 
program’s strength to the comprehensive structured training 
approach aligns with the literature (Bagley, 2022; van 
Loon et al., 2019; van Loon et al., 2022). Converting to an 
asynchronous online approach for learning the fundamental 
principles of ultrasound technology and reviewing best 
practice principles enabled learners to complete the course’s 
first phase at their pace and chosen location. The first group’s 
didactic session was conducted in-person, while subsequent 
groups transitioned to online theoretical training to 
optimize time for simulation, as recommended by the initial 
cohort. This shift accommodated learners' busy schedules 
and provided a more flexible learning experience. Bagley 
(2022) also reported nursing satisfaction with the ease of 
accessibility of an online training format.

The simulation learning using a gel-type model is also a crucial 
component to foster self-agency and expertise in visualizing 
the needle tip, cannulating the vein in real-time, and learning 
eye-hand coordination with probe manipulation (Bagley, 
2022; Edwards & Jones, 2018; van Loon et al., 2019). This 
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mastery learning approach builds progressively on previously 
learned topics ( Jørgensen et al., 2021).

Supervision and mentoring. Access to mentors to supervise 
novice nurses is a significant barrier to learning (Bagley, 
2022), which our program also experienced. As Bagley 
suggested, we recommend organizations increase the 
available mentors pool, including clinicians experienced in 
USG-PIVC placement (not just educators), on all shifts to 
keep learning apace. To facilitate this, a clinician’s ability to 
apply adult learning principles and patiently mentor novices 
are key criteria for selecting nurse mentors. 

Mastering USG-PIVC insertion has a challenging learning 
curve, with difficulties in learning screen interpretation, 
hand-eye coordination, and probe manipulation. We 
strongly advise learners to have patience and critically assess 
each failed attempt to understand how to improve technique. 
A systematic review found most USG-PIVC programs 
recommended 10 supervised attempts (van Loon et al., 
2019). However, a multicentre prospective observational 
study of 1,855 USG-PIVC procedures performed by 49 
clinicians found clinicians typically achieved competency 
after an average of 34 insertions (minimum 21 procedures; 
van Loon et al., 2022). Stuckey and Curtis’s (2019) 
literature review revealed 5–10 supervised insertions were 
recommended. Jørgensen and colleagues (2021) remind us, 
though, that there is no fixed number of procedures required 
to achieve competency. Mentors are crucial for coaching 
novices through to success and particularly sustaining 
learning enthusiasm by making each failed attempt a 
learning opportunity. Correcting one’s performance through 
mastery learning requires feedback ( Jørgensen et al., 2021).

We advise mentors to set the learner up for success by 
assessing the learner’s skill level against the degree of 
complexity of each patient’s veins. If assessment reveals 
a suspected difficult access (e.g., very superficial or small 
vessels) and the learner is in the initial clinical experience 
phase, consider advising that they not attempting ultrasound 
guidance for that insertion and instead have them ask an 
experienced clinician attempt the insertion, to avoid the 
novice learner’s failure. Van Loon et al. (2022) found 
that patients categorized as moderate risk on a difficult 
intravenous access (DIVA) scale had a low rate of successful 
first-attempt cannulation (63%) and an even lower rate 
(6%) for high-risk DIVA patients, although overall success 
rates were not significantly impacted (van Loon et al., 2022). 
On scheduled training days, we often had to reach out to 

managers in a daily bed-control meeting to identify potential 
patients for trainees’ supervised insertions. Van Loon et al., 
(2018) emphasize the importance of ensuring ample USG-
PIVC cannulation opportunities for rapid skill acquisition.

Our program training included the ultrasound 
manufacturer’s competency validation checklist, as a guide 
for novice learners. It was comprehensive, lengthy, and has 
since been revised (see Appendix). Rice and colleagues 
(2016) provide a validated checklist tool other programs 
may find useful for assessing clinical competency (although 
the tool does not address aseptic technique).

Building program capacity. Our initial goal was to train 
the majority of critical care nurses to perform ultrasound 
guidance. Initially, we were dismayed with the small 
class size (one to four nurses) the clinical specialist 
recommended. We now recognize this is essential for 
providing sufficient learning opportunities for novices to 
become competent. Bagley (2022) reported 20% of nurses 
were USG-PIVC insertion trained in their critical care unit 
(CCU), which provides a goal for programs such as ours. 
They report a sufficient number of trained nurses per shift 
allowed for USG-PIVC services expanded beyond the CCU, 
meeting DIVA patients’ needs better. This paper’s authors 
caution, however, that some critical care nurses may express 
dissatisfaction with having to provide USG-PIVC services 
outside their unit as a reason for not participating in training. 
In our case, nurses are part of the Critical Care Outreach 
Team and, thus, accustomed to leaving the unit to address 
at-risk patients throughout the hospital.

With an established education program in place, our 
training program will continue to evolve. The second phase 
of education (simulated skills application) is required for 
the program’s sustainability and includes our newly trained 
nurses, who have begun to progress from novice to expert, 
supervising the skills application of other critical care 
nurses newly training for USG-PIVC insertion. Overall, 
our education program increased the number of USG-
PIVC-trained critical care nurses and resulted in increased 
resources to meet the peripheral vascular needs of our 
critical care patients.

Phase 3 of our program, once we have the majority of 
interested critical care nurses trained on USG-PIVC 
insertion, aims to expand the education to other areas of 
the hospital. Trained critical care nurses could help provide 
education sessions and be involved in the expansion.

Hartley, T., Kluszczynski, J., & Broadhurst, D.
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Limitations
During the initial ultrasound device selection phase, 
USG-PIVC insertion success rates were notably high, 
aligning with published rates as high as 97% (Bagley, 
2022). However, due to resource limitations, we could not 
conduct a direct comparison of USG-PIVC and traditional 
palpation and visualization insertion methods within our 
unit. Recognizing this skill’s potential learning curve, we 
prioritized a user-friendly approach and avoided unnecessary 
process complexity. Nevertheless, available published 
evidence strongly supports implementing ultrasound 
guidance. We strongly encourage future programs to 
incorporate data collection to facilitate quality improvement 
initiatives, support staff competency, and foster a culture of 
mentorship, thereby ensuring the sustainability of USG-
PIVC programs. Bagley (2022) and van Loon et al., (2019) 
suggest maintaining a USG-PIVC placement log for nurses 
to self-report insertions. We acknoweledge this was a small-
scale quality improvement initiative, involving only five 
nurses and, therefore, may not be translatable to other areas.

Aligning with a Western Canada protocol, defined in an 
online comprehensive learning module (Edmonton Zone 
Emergency Department CNE Council & RAH ICU NP 
Group, 2019), our institution presently requires nurses to 
demonstrate USG-PIVC placement competency through 
three supervised successful insertions, followed by self-
validation of 10 insertions (although staffing constraints 
make consistency on this challenging). Currently, we are 
evaluating the need for annual competency assessment, such 
as self-reporting of 12 successful insertions per year.

Other program limitations are our lack of DIVA scale 
utilization. The DIVA scales can promptly identify patients 
with difficult access as candidates for ultrasound guidance 
to prevent unnecessary unsuccessful attempts and vessel 
depletion (Sou et al., 2017). Our protocol does not yet 
include the use of topical or intradermal anesthesia. In 
Prasad’s study (2022) of patient experience with vascular 
access, pain management was a key determinant of patient 
satisfaction. A meta-analysis of peripheral cannulation 
pain management shows local anesthesia’s efficacy, with 
the authors concluding that this “should become normal 
practice and a marker of high-quality care” (Bond et al., 
2016, p. 1). We hope implementing this protocol will 
promote use of technology to reduce PIVC insertion failures 
and enhance patient satisfaction. Managing needle phobia 
also could improve patient experience (Sou et al., 2017).

Implications for practice and research
Developing and implementing a USG-PIVC program proved 
a feasible and beneficial endeavour for our ICU nurses and 
leadership. We present our USG-PIVC model (Figure 4) as a 
guide for other programs looking to optimize vascular access 
care in the ICU. We encourage programs beyond critical care, 
both in acute and alternative care settings, to adopt ultrasound 
guidance, using a multimodal step-wise approach. Identifying 
key clinicians and mentors, we can build sustainable programs 
and train nurses effectively. Future research should investigate 
the implementation and impact of USG-PIVC programs 
in larger, multicentre ICU settings to validate this study’s 
findings and inform broader adoption. Our ultrasound 
devices evaluation criteria other programs can consider to 
select the most appropriate handheld device for their needs.

Conclusion
Our comprehensive USG-PIVC education program 
presents a valuable model for healthcare organizations 
seeking to optimize vascular access. By emphasizing key 
factors, such as program structure, content, participant and 
mentor characteristics, device and supply considerations, 
vendor support, and change management, we developed 
a robust and sustainable approach that empowers nurses 
to improve critical treatment delivery. Adopting a multi-
faceted approach, combining asynchronous online didactic 
training, classroom simulation, and supervised clinical 
skills application with appropriate ultrasound technology, 
empowers nurses to achieve timely procedural success. 
We encourage other programs, within and beyond CCUs, 
to consider adopting a similar approach and leverage 
ultrasound guidance to enhance patient care.
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Appendix

Sample USG-PIVC Competency Checklist

Hartley, T., Kluszczynski, J., & Broadhurst, D.

Sample Ultrasound-Guided PIVC Competency Checklist Simulation Clinical
Principle Competency + - + - + - + -
Ultrasound 
fundamentals

Identify key functions of ultrasound device buttons
Optimize screen depth and gain
Stabilize probe with light pressure on skin

Patient 
assessment

Determine PIVC appropriate for patient
Position patient at ergonomic height, with arm supported
Apply gel and tourniquet
Slide probe; identify target vein and adjacent structures
Assess vein depth (0.25–1.2 cm), width, compressibility, 
pulsatility, direction, straight pathway, well-defined edges, 
suitable diameter, length will accommodate at least 2.75 cm 
catheter is in vein
Assess competency level matches difficulty of venous 
access; remove tourniquet
Mark vein site and direction; clean gel off arm

Cannulation Prepare site and supplies
Select catheter with sufficient length to permit 2/3 of 
catheter is in vein (min. 47mm length)
Don gloves; apply cover to probe and gel to site/probe
Position target vein in centre of screen
Administer local anesthesia, if indicated
Align catheter tip in middle of probe at correct angle over 
target vein
Position self and probe in alignment with vein direction
Puncture tissue; track catheter tip through skin and tissue to 
vein wall, with eyes on the needle tip (not arm)
Advance needle, "walking catheter in – chasing probe," 
keeping tip is centred in vein until ~2/3 of catheter is in vein
Thread catheter over needle; remove needle and tourniquet
Attach extension set/needle-free connector (if applicable)
Verify blood return and flush catheter
Cleanse site, remove gel, apply dressing/securement

Infection 
Prevention

Perform skin antisepsis prior to cannulation
Maintain ANTT throughout procedure
Clean and disinfect ultrasound device prior to and after 
procedure

Documentation Ultrasound guidance; catheter gauge, length; number 
of attempts; vein accessed and depth; local anesthesia; 
confirmation of patency; type of securement/dressing; 
complications

Date
Observer Initial

Observer Initial: 
_____

Signature: _______________________________ Observer Initial: 
_____

Signature: 
___________________

Observer Initial: 
_____

Signature: _______________________________ Observer Initial: 
_____

Signature: 
___________________

Note. PIVC = peripheral intravenous catheter; ANTT – aseptic non-touch technique.
Credit: Adapted from Ultrasound Guided Insertion of Short Peripheral IV Catheter Competency Check-Off, of unknown source


