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ABSTRACT 
Aims and objectives: To assess the impact of a technology-enhanced 

teaching program on students’ knowledge, confidence, and attitudes 

toward peripheral intravenous catheter (PIVC) insertion and ability to 

select optimal insertion sites.  

Background: Near-infrared technology enhances venous assessment and 

can reduce the number of insertion attempts. Yet, adoption of near-

infrared technology is limited.  

Design: A randomized, controlled, interventional study design (Phase 1) 

and an observational design (Phase 2) were used.  

Methods: Data on knowledge, confidence, and attitudes toward the 

technology were collected, along with assessments of students' ability to 

select optimal PIVC sites on patients with diverse skin tones.  

Results: The program increased students’ knowledge and confidence. 

Near-infrared technology improved students’ ability to visualize 

vasculature in patients with dark skin and enabled objective assessment 

and adherence to evidence-based practices.  

Conclusions: Technology-enhanced education improves nursing students' 

PIVC skills and promotes equitable care by enhancing insertion outcomes 

for patients with diverse skin tones.  

Keywords: peripheral intravenous catheter insertion, vascular access, vein 

visualization technology, nursing student, education. 
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Introduction 
Each year in the United States (US), more than 300 million 
peripheral intravenous catheters (PIVCs) are inserted, 
marking it the most frequently performed invasive 
healthcare procedure.1,2 Placing a single PIVC typically 
requires an average of 2.18-2.35 attempts, with success 
influenced by patient characteristics, provider 
experience, and confidence.3,4 Multiple access attempts 
not only increase the utilization of healthcare resources 
but also elevate the risk of adverse outcomes such as 
venous depletion, nerve damage, paresthesia, 
hematomas, phlebitis, and arterial puncture.5 
Furthermore, the incidence of hospital-acquired PIVC site 
infections can reach up to 60%, with the insertion 
technique being a crucial factor associated with infection 
rates.6 

 
Nurses—often new graduates or those with limited 
experience—frequently undertake the placement of 
PIVCs.4 The first-attempt success rates for newly qualified 
nurses range from 44-76.9%, in contrast to the 91-98% 
success rates observed in more experienced nurses.4 
Across the US, significant variability exists in PIVC 
education and training within nursing programs.4,7-9 
Interviews with undergraduate nursing students revealed 
that the current university curriculum provides limited 
foundational knowledge about PIVC assessment, 
management, and removal. Inconsistencies between the 
curriculum and clinical practice create uncertainty, 
impacting nurses’ ability to follow evidence-based 
guidelines.8 This inconsistency in PIVC education for nurses 
contributes to a knowledge deficit in clinical practice.10,11 
Vandenhouten et al.12 emphasized the importance of 
nursing students being acquainted with PIV skills in nursing 
school,12 as nurses constitute the largest group responsible 
for the placement and oversight of peripheral 
intravenous (PIV) therapy.13 Existing literature highlights 
that many newly graduated nurses often lack the 
confidence, knowledge, and proficiency to place and 
maintain PIVC insertion sites successfully.13,14 Addressing 
this knowledge gap is crucial for avoiding PIVC 
complications, improving the quality of care, and 
enhancing patient safety 15,16 

 
Over the past decade, technologies like near-infrared 
(NIR) vein visualization, which enhance venous assessment 
and improve PIVC placement, have become widely 
accessible.17 Evidence suggests that NIR technology can 
significantly enhance clinical practice by enabling a swift 
and thorough venous assessment. This includes the 
identification of valves and bifurcations, as well as the 
observation of vein patency and refill speed. NIR 
technology can potentially reduce the number of attempts 
and the time required for successful PIVC placement, 
particularly in patients with challenging venous access.18-

23 A study by van der Woude and colleagues explored 
the application of NIR technology in the operating room 
for IV cannulations in children with dark skin.24 The 
findings revealed a 68% success rate in the group 
utilizing NIR technology compared to 51% in the control 
group. The study highlighted the inherent difficulty of 
initiating IV cannulations in children, further exacerbated 
in individuals with dark skin due to the limited contrast 
between vein visibility and skin color. This underscores the 

potential of NIR technology as a valuable tool to improve 
success rates in challenging scenarios. 
 
Consequently, professional organizations, such as the 
Emergency Nurses Association, the Infusion Nurses 
Society, and the Association for Vascular Access, now 
recommend using vein visualization technology during 
PIVC placement.17,22,25 Despite these recommendations, 
the adoption of this advantageous technology remains 
limited. The hypothesis is that educating student nurses 
about the benefits of NIR technology and providing them 
with the opportunity to use it in a simulated environment 
will enhance the learning experience. This, in turn, is 
expected to increase students' perceived confidence and 
comfort with PIV assessment and placement, ultimately 
leading to improvements in patient care and further 
adoption of vein visualization technology. 
 
STUDY PURPOSE 
This study addressed the current knowledge gap by 
introducing an innovative, technology-enhanced PIVC 
teaching program for baccalaureate nursing students at 
an academic institution in the US. The purpose of the 
educational initiative was to evaluate whether 
technology-enhanced education improves procedural 
competence and preparedness in peripheral vascular 
access. 
 
The primary aims were to: (1) evaluate students’ 
knowledge and confidence of PIVC placement, (2) 
improve students' proficiency in performing a 
comprehensive pre-insertion site assessment and selecting 
an optimal insertion site, and (3) assess students’ attitudes 
toward the use of NIR vein visualization technology for 
successful PIVC placement. 
 

Methods 
To achieve the objectives of this study, an exploratory 
intervention study was conducted. The Standards for 
Quality Improvement Reporting Excellence (SQUIRE 2.0) 
health research reporting guidelines were adhered to. 
 
SETTING AND SAMPLE 
The study was conducted at a prestigious academic 
university in the Midwest of the US. Research participants 
included fourth-year baccalaureate nursing students 
enrolled in a 12-week capstone course. The course 
featured a weekly 3-hour didactic lecture and 224 hours 
of clinical immersion experience in either a pediatric or 
adult high-acuity/critical care unit. 
 
STUDY DESIGN AND INTERVENTION 
The didactic portion of the capstone course included a 
comprehensive PIVC curriculum which outlined the 
indications for PIVC insertion, the procedural steps for 
insertion and removal, catheter management, potential 
complications, and appropriate patient education. The 
educational content on NIR vein visualization technology 
(AccuVein®, Inc.; Medford, NY, USA) *** was integrated 
into the existing PIVC placement educational curriculum. 
An overview of the study design and research questions 
is shown in Figure 1. All participants were required to 
complete pre-readings for the standard PIVC session and 
respond to a pre-education survey. Following this, 
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participants were randomly assigned to either the 
intervention or control group and directed to the 
respective room, as illustrated in Figure 2.  
 
FIGURE 1. Overview of study design and research questions.Abbreviations: NIR, near-infrared; PIVC, peripheral 
intravenous catheter. 

 
 
FIGURE 2. Delivery of PIVC insertion education delivered to senior baccalaureate nursing students enrolled in a 12-week 
capstone course. 

 
Abbreviations: PIVC, peripheral intravenous catheter 
 
Phase 1. The intervention group was provided with 
specific content that included both a theoretical 
component and a skills station. The theoretical aspect 
consisted of a concise presentation along with an 
animated video demonstrating the application of vein 
visualization technology for assessing vasculature. During 
the simulated skills session using arm task trainers, nursing 
students had the opportunity to practice using the device 
to assess vasculature, select a site, and perform actual 

PIVC placement. Students in the control group only 
received the didactic instruction followed by a skills 
competency assessment. Subsequently, students in the 
control group crossed over to engage in the technology-
enhanced component of the intervention. This approach 
ensured that all students received faculty sign-off on PIVC 
competency and had equal exposure to the technology-
enhanced education session. Outcomes were assessed 
immediately after the education and three months later.  



Technology-Enhanced PIVC Education 

 

© 2025 European Society of Medicine 4 

Phase 2. Three months after the educational intervention, 
all students were invited to participate in an 
observational assessment to evaluate their competence in 
performing a vascular site assessment and choosing an 
optimal site for PIVC insertion. Each student was 
evaluated on their ability to successfully place a PIVC 
across four scenarios (i.e., in a light-skinned and dark-
skinned standardized patient (SP), with or without the 
assistance of NIR vein visualization technology). All 
students had to perform two assessments: one on the light-
skinned patient and one on the dark-skinned patient. The 
assignment to use NIR or no NIR was random. Four 
evaluators performed evaluations of student ability. Two 
evaluators were with the light-skinned SP and two were 
with the dark-skinned SP. All evaluators were trained on 
the assessment tool immediately before the study. The 
two evaluators at each station had to agree on the scores 
assigned to each student.  
 

DATA COLLECTION  
Following approval from the Institutional Review Board 
(HUM00233818), data collection was conducted 
electronically using Qualtrics Survey Software (Qualtrics, 
2020). Participants were provided with QR codes that 
enabled them to access study consent and pre- and post-
education surveys using their personal devices. Before 
each survey, participants were instructed to create a 
unique, de-personalized identifier. They were guided to 
devise easily memorable identifiers that did not contain 
sufficient information for personal identification. In this 
study, the individual’s identifier was constituted by the 
last four digits of their phone number, followed by their 
middle initial. 
 

SURVEY DESIGN 
The pre-education survey was distributed to both study 
groups before the PIVC curriculum. Demographic data 
were collected first (see Appendix 1). The knowledge 
and confidence questionnaire, which was adapted from 
Indarwati et al.14 featured seven multiple-choice items 
assessing prior knowledge of PIVC insertion (see 
Appendix 2) and 14 questions assessing students’ 
confidence related to PIVC placement on a five-point 
Likert scale (see Appendix 3). Participants self-rated their 
confidence, ranging from 1 = Strongly Disagree to 5 = 
Strongly Agree. 
 

The post-survey was administered to both study groups 
to reassess PIVC insertion knowledge and confidence 
following the educational intervention. For the 
intervention group, the outcome measurement occurred 
after participating in both the standard and enhanced 
education sessions. Apart from the core questions, the 
intervention group responded to seven additional 
questions evaluating their attitudes toward NIR vein 
visualization technology for PIVC insertion using a 5-point 
Likert scale (see Appendix 4). The control group 
underwent outcome measurement immediately after 
completing the standard education session.  
 

KNOWLEDGE AND CONFIDENCE SCORING 
To evaluate knowledge, the cumulative score for each 
participant on the 14-item knowledge survey was 

computed before and after the intervention. Each correct 
answer was awarded one point, while incorrect responses 
received zero points, resulting in a maximum achievable 
score of 15. Internal consistency was evaluated using 
Kuder-Richardson (KR) 20 values, which indicated very 
low reliability at pre, KR20 = .094, and fair reliability 
at post, KR20 = .509. The low consistency values were 
likely due to the 14 knowledge questions assessing 
various constructs within PIVC insertion, including 
education, documentation, steps for insertion, and risk 
factors. To evaluate confidence, the sum scores of 
confidence items were calculated, with a maximum 
achievable score of 70 points derived from 14 items 
utilizing a 5-point Likert scale ranging from 1=Strongly 
Disagree to 5=Strongly Agree. Higher scores indicated 
higher confidence levels. Internal consistency was 
evaluated using Cronbach’s alphas and indicated strong 

reliability, α= .945 for pre, α = .957 for post, and α = 

.924 at 3 months.  
 
STATISTICAL ANALYSIS 
Data were analyzed using IBM SPSS version 29, with the 
significance level set at .05. Demographic variables 
between the control and intervention groups were 
compared using chi-square tests. For the Phase 1 analysis, 
descriptive statistics (percent change calculations) and a 
mixed model ANOVA, with control/intervention as the 
between-groups variable, were employed to explore 
changes in knowledge and confidence scores over time. 
Descriptive statistics (mean, standard deviation, median) 
were used to analyze attitudes toward utilizing NIR vein 
visualization technology for PIVC placement. The 
assessment of ability involved chi-square tests for each 
skill related to PIVC insertion attempts. Exploratory 
analyses were conducted to examine whether variables 
such as prior experience with PIVs or previous training 
were associated with changes in knowledge and 
confidence over time. The initial analysis included 
univariate tests to identify potential associations. In cases 
where a significant association was detected in the 
univariate testing, general linear models were applied, 
introducing prior experience and/or previous training as 
additional factors. 
 
During Phase 2, the confidence levels of matched 
participants were evaluated through repeated measures 
analysis of variance (ANOVA) across three time points 
(pre-, post-, and Phase 2). Subsequently, independent 
samples t-tests were conducted to confidently examine 
the association between PIVC placement experience 
(yes/no) and prior PIVC insertion training (yes/no).  
 

Results 
Table 1 presents demographic information, including 
age, sex, and prior training or experience in PIVC 
insertion or venipuncture. A total of 78 senior 
baccalaureate nursing students participated in the study, 
with 36 in the intervention group and 42 in the control 
group. 
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TABLE 1. Student participant demographics. 

 Control 
n = 42 

Intervention 
n = 36 

 P-value  

Age   .593 

Mean (SD)     

20-29 years, n (%) 41 (97.6) 34 (94.4)  

30-39 years, n (%) 1 (2.4) 5 (2.6)  

Sex .460 

 Female 39 (92.9) 31 (86.1)  

 Male 3 (7.1) 5 (13.9)  

Education and Experience 

Previous PIVC insertion or venipuncture training 11 (26.2) 10 (27.8) .999 

Previous PIVC insertion or venipuncture experience 7 (16.7) 9 (25.0) .409 

 
Phase 1 
Knowledge scores. The intervention group had 35 
participants, and the control group had 40 participants, 
with complete data at both time points. A mixed-model 

ANOVA, incorporating control/intervention as the 
between-groups variable, was utilized to examine the 
change in mean knowledge scores over time. Detailed 
ANOVA results are presented in Figure 3. 

 
FIGURE 3. Change in mean knowledge scores over time for students participating in the Phase 1 educational initiative. 

 
 
Mixed Model ANOVA Summary for Knowledge 

Group Pre Post F (1, 73) p ηp2 

Control 8.65 (1.99) 9.93 (2.30) 18.03 <.001 .965 

Intervention 8.14 (1.85) 9.26 (2.28) 

Note: Time (Pre/Post) x Group p = .77 
 
The overall ANOVA test indicated a significant impact of 
time on knowledge. However, the group-by-time 
interaction did not achieve significance, suggesting that 
both groups exhibited significant knowledge 
improvement at a comparable rate. Additionally, there 
were no statistically significant differences between the 
groups in knowledge scores at pre- (P = .206) and post- 
(P = .212) assessments. The intervention group's 
knowledge scores improved by 13.8%, and the control 
group's improved by 14.8%.  
 
Univariate analyses were conducted to examine 
potential relationships between demographic variables, 
specifically prior experience with PIVCs and previous 

training with knowledge. The findings revealed no 
significant associations between prior experience (P = 
.518) and previous training (P = .881) with knowledge. 
As a result, a general linear model (GLM) incorporating 
these factors was not pursued for knowledge. 
 
Confidence scores. Confidence scores in the intervention 
group improved by 30.2% from baseline, and scores in 
the control group improved by 26.8%, although this 
difference was not statistically significant. The results of 
the ANOVA are presented in Figure 4. The overall 
ANOVA test demonstrated a significant impact of time on 
confidence. However, the time-by-group interaction did 
not reach significance, indicating that both groups 
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exhibited substantial improvement at a comparable rate. 
Additionally, there were no significant differences in 

confidence scores between the groups at both pre (P = 
.892) and post (P = .170) assessments. 

 
FIGURE 4. Change in mean confidence scores over time for students participating in the Phase 1 educational initiative. 

 
 
Mixed Model ANOVA Summary for Confidence 

Group Pre Post F (1, 73) p ηp2 

Control 46.34 (10.09) 58.76 (5.75) 173.64 <.001 .701 

Intervention 46.66 (10.13) 60.74 (6.74) 

Note: Time (Pre/Post) x Group p = .409 
 
In contrast to knowledge scores, when examining 
confidence, univariate analyses revealed associations 
with both prior experience (P = .046) and previous 
training (P = .035). These variables were found to be 
highly correlated (p = .009). Consequently, a general 
linear model (GLM) was implemented, incorporating 
baseline confidence as a covariate and introducing prior 
experience (yes/no) as an additional factor to determine 
if the intervention influenced confidence when considering 
these additional variables and accounting for baseline 
confidence. The outcomes revealed that baseline 
confidence significantly predicted post-education 
confidence, but neither prior experience (P = .526) nor 
"group" (control vs intervention, P = .905) significantly 
impacted post-education confidence. 

NIR technology evaluation. Participants in the intervention 
group evaluated NIR technology education using eight 
items on a 5-point Likert scale. Possible responses to these 
items ranged from 1 (Strongly Disagree) to 5 (Strongly 
Agree). The descriptive statistics for the NIR technology 
evaluation are presented in Table 2. Participants strongly 
agreed with each question item, suggesting that the 
education was perceived as valuable and bolstered 
students’ confidence. Furthermore, the data underscores 
students’ perceptions that NIR technology would be highly 
beneficial in improving PIVC placement in the clinical 
setting. 
 

 
TABLE 2. Evaluation of the near-infrared education and usability.  

Item M Mdn SD Min Max 

I found the near-infrared education session helpful 4.49 5 0.56 3 5 

I received useful information today on how to use near-infrared technology 4.57 5 0.56 3 5 

I would recommend the near-infrared education session to my colleagues/peers 4.57 5 0.50 4 5 

I found the near-infrared device easy to use 4.60 5 0.50 4 5 

I would feel more confident placing a PIVC using the near-infrared device 4.60 5 0.50 4 5 

I would like to use the near-infrared device on all my patients 4.57 5 0.56 3 5 

I think the near-infrared device would enhance my ability to select an optimal site 
for PIVC insertion 

4.60 5 0.50 4 5 

I think the near-infrared device would enhance my ability to insert a PIVC 4.60 5 0.50 4 5 

Likert scale response options: 1 -Strongly Disagree to 5- Strongly Agree 
Abbreviations: Mdn = median; M = mean; PIVC = peripheral intravenous catheter; SD = standard deviation. 
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Qualitative assessment of the educational sessions. 
Participants were invited to provide additional comments 
regarding their experience with the education session 
(Table 3). Comments from both groups highlighted the 
usefulness of the education and their satisfaction with the 

overall experience. Other students commented on the 
perceived benefits of the technology in clinical practice 
and provided topics for additional education (i.e., 
phlebotomy training).  

 
TABLE 3. Representative feedback from nursing students who participated in the Phase 1 educational initiative.  
Intervention group 

Theme Examples 

Applicability 
“it was fun and educational” 
“I believe it would be very helpful in practice” 

Positive learning experience 
“loved it” 
“such a cool experience” 

Clinical benefit of technology 
“I believe it would be very helpful in practice” 
“Highly recommend [near infrared] device to minimize risk for PIV” 

 
Control group 

Theme Examples 

Applicability “very informational and helpful” 

Positive learning experience 
“it was a great session” 
“great learning experience” 

Areas of educational need “a phlebotomy class would be really beneficial” 

 
Phase 2 
Demographics. At each time point in the study, the students 
were asked to provide their unique identifiers so that 
their results could be tracked. However, some of the 
students entered an incorrect identifier or did not enter 
one at all. Of the 35 respondents in Phase 1, a total of 
23 participants were matched from Phase 1 to Phase 2 
based on their unique identifiers. There were 20 females 
(87%) and three males (13%), and most (96%) were 
between the ages of 20 and 29 years of age.  
 
PIVC insertion experience post-education. When asked if 
they had an opportunity to place a PIVC in clinical 
practice after completing the education, 12 (52%) of the 
nursing students reported they did not, and 11 (48%) 
reported they did. Of the 11 that did have an 
opportunity to place a PIVC, six (55%) had one 
placement, and five (45%) had more than one placement.  

 
Confidence scores. Mean confidence scores improved by 
20.9% from pre- to post-education. This improvement 
was generally sustained at Phase 2, with a 9.5% 
improvement over pre-education scores. Repeated 
measures ANOVA was conducted to examine changes in 
confidence from Phase 1 (pre, post) to Phase 2. Figure 5 
shows the mean confidence scores across all three 
measurement points. The overall findings showed a 
statistically significant improvement in confidence F (2, 
42) = 24.41, P < .001. Pairwise comparisons showed a 
statistically significant improvement from Phase 1 pre to 
Phase 1 post (P < .001) and then a significant decline 
from Phase 1 post to Phase 2 (P = .002). However, 
despite the considerable decline in Phase 2, the mean 
was still significantly higher than Phase 1 pre-confidence 
scores (P = .003).  

 
FIGURE 5. Mean confidence scores across measurement periods.Note: Possible scores range from 14 to 70. 
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Notably, real-world practice in utilizing NIR vein 
visualization technology influenced confidence scores. An 
independent samples t-test was executed to compare the 
confidence scores of 11 participants with at least one 
PIVC placement with the scores of 12 participants who 
did not have an opportunity for a PIVC placement in 
practice. The results indicated a slightly higher mean 
confidence score for those with at least one PIVC 
placement compared to those without, though the 
observed difference did not achieve statistical 
significance (P = .487). 
 

PIVC objective site assessment. A total of 68 PIVC insertion 
site assessments were performed by the phase 2 cohort 
of 35 students. Chi-square tests were employed to assess 
each skill involved in PIVC insertion attempts, and the 

outcomes are presented in Table 4. The sample sizes for 
each scenario varied from 12 to 18 based on available 
data. Skills such as locating bifurcations, distinguishing 
between superficial and deep veins, locating valves, 
determining vein patency, and selecting an optimal vein 
for insertion were significantly less successful without NIR 
technology in the light-skinned and dark-skinned SP 
compared to the other three scenarios (Figure 6). With 
regard to selecting an optimal vein for insertion, the 
success rate without NIR was 73% lower in the dark-
skinned standardized patient compared to 29% lower in 
the light-skinned SP. This suggests that practitioners 
performing insertions on individuals with dark skin tones 
may achieve better outcomes by utilizing NIR technology 
for these specific procedures. 

 
TABLE 4. Student success rates with vascular site assessment and PIVC insertion in standardized patients. 

Skill 

Scenario A: 
Pale Skin SP with 
NIR Technology 

Scenario B: 
Pale Skin SP 
without NIR 
Technology 

Scenario C: 
Dark Skin SP with 
NIR Technology 

Scenario D: 
Dark Skin SP 
without NIR 
Technology 

 
 
 
 
P N 

% 
Successful N 

% 
Successful N 

% 
Successful N 

% 
Successful 

Correctly assess veins 
with wipe technique 17 94% 16 0% 14 86% 17 0% <.001 

Locate bifurcations 17 100% 17 100% 15 93% 18 39% <.001 

Identify superficial vs 
deep veins 17 88% 17 82% 15 100% 18 22% <.001 

Locate valves 17 94% 17 0% 15 93% 18 22% <.001 

Determine vein 
patency 17 94% 17 0% 15 100% 18 6% <.001 

Select an optimal 
vein for insertion 17 100% 17 71% 15 73% 18 0% <.001 

Tourniquet use 17 29% 17 100% 12 33% 17 94% <.001 

Abbreviations: NIR = near-infrared; PIVC = peripheral intravenous catheter; SP =standardized patient. 
 
FIGURE 6. Graphical representation of student success rates with vascular site assessment and PIVC insertion in 
standardized patients. 

 
Note: Blue bars indicate use of NIR technology and maize bars indicate non-NIR scenarios. If no bar is showing rate = 
0%. 
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Skills like accurately assessing veins with the wipe 
technique, locating valves, determining vein patency, and 
utilizing a tourniquet were performed with greater 
success in the light-skinned SP versus the dark-skinned 
patient, regardless of whether NIR technology was used. 
This suggests that individuals equipped with NIR 
technology, irrespective of the SP's skin tone, 
demonstrated a higher proficiency in locating valves than 
those without NIR technology. For both the light-skinned 
and dark-skinned SPs, tourniquet utilization was notably 
higher when NIR-assisted technology was not used.  
 

Discussion 
This study aimed to enhance students’ knowledge, skills, 
and confidence by implementing an innovative, 
technology-enhanced PIVC teaching program for 
baccalaureate nursing students in a US academic 
institution. As technology continues to shape the 
healthcare landscape, its integration into nursing 
education is crucial for preparing competent and skilled 
nursing professionals.  
 
Due to the invasive nature of peripheral vascular access 
insertion and the morbidity associated with complications, 
practitioners must demonstrate competency before 
performing the phlebotomy or PIVC placement without 
supervision. Currently, there is no universal guidance for 
training on PIVC assessment and placement. The Infusion 
Therapy Standards of Practice (Standards) recognize the 
importance of using blended learning methods to 
improve learner knowledge and competence regarding 
peripheral vascular assessment and PIVC placement 
procedures. Furthermore, the Standards recommend using 
simulation methods to develop and cultivate skills in 
performing invasive procedures such as PIVC insertion.25 
This study investigated the impact of a comprehensive 
peripheral vascular access education program on nursing 
students’ knowledge of PIVC insertion, confidence with 
PIVC insertion skills, attitudes toward using NIR vein 
visualization technology for PIVC placement, as well as 
participants’ ability to perform a thorough pre-insertion 
site assessment and their ability to select an optimal site 
for insertion. Data from the current study aligns with 
available evidence supporting the integration of 
simulation-based training into the modern nursing 
education curriculum to enhance nursing students’ 
knowledge, competence, and confidence.26-30  
 
The ability to visualize veins accurately is fundamental to 
successful phlebotomy and PIVC placement. NIR 
visualization technology offers real-time imaging of 
superficial and subcutaneous veins, providing nursing 
students with enhanced visibility compared to traditional 
methods of assessment. Prior research has demonstrated 
a significant improvement in the speed and precision of 
vein selection among nurses exposed to NIR 
technology.19-21,31,32, Furthermore, this technology 
promotes a deeper understanding of anatomical 
variations in vein structures, contributing to a more 
comprehensive knowledge base and skill set among 
nursing students. As educators, we recognize the 
importance of accelerated skill acquisition, and NIR 
technology has emerged as a valuable tool in achieving 
this goal.  

 
In the current study, students’ ability to perform a pre-
insertion assessment and identify a suitable vein was 
significantly improved when NIR technology was used 
compared with traditional methods. This study builds on 
available evidence demonstrating that dark-skinned 
patients are at a disadvantage when it comes to PIVC 
placement, as darker skin makes it more difficult to find 
an appropriate site to perform phlebotomy or place a 
PIVC. Also, the current findings support using NIR 
technology to address this clinical practice gap. When 
using NIR on dark skin, students’ ability to identify venous 
bifurcations, differentiate between superficial and deep 
veins, locate valves, and determine the patency of veins 
was greater than when using the traditional technique of 
using a tourniquet and palpating the veins. Although the 
use of NIR also improved vascular assessment in the light-
skinned simulated patient, the improvement observed 
with the dark-skinned simulated patient was significantly 
more pronounced. Globally, nursing school initiatives 
focus on building a culture of diversity, equity, and 
inclusion (DEI) to advance health care. These findings 
suggest that integrating NIR training into curricula may 
serve as a practical strategy to operationalize diversity, 
equity, and inclusion (DEI) commitments within nursing 
education. Globally, nursing school initiatives focus on 
building a culture of DEI to advance health care. This 
study uniquely demonstrates the benefit of NIR in an 
educational context, addressing disparities in skill 
acquisition when caring for patients with diverse skin 
tones.  
 
Ensuring patient safety and providing equitable care are 
paramount in nursing education. The integration of NIR 
technology not only promoted equitable and safe 
practices for peripheral vascular assessment but also 
enriched the learning experience for students. NIR has 
been shown to decrease unsuccessful insertion attempts 
and venous puncture-related complications.31-33 Reducing 
complications related to PIVC insertion has far-reaching 
implications, including minimizing patient discomfort and 
mitigating the risk of infections associated with multiple 
insertion attempts.34-39 NIR technology's enhanced 
visualization ultimately enhances patient safety. This 
aspect underscores the importance of technology not only 
in skill development but also in promoting patient-
centered and equitable care. Equity in vascular access 
enhances the patient’s experience and reduces 
disparities in healthcare outcomes. By adopting NIR 
technology, nurses become advocates for equitable care, 
fostering a healthcare environment that prioritizes the 
unique needs of patients.  
 
The economic considerations of integrating technology 
into nursing education are pertinent to the discussion. 
While initial costs may be associated with adopting NIR 
visualization technology, the potential long-term benefits 
may justify this investment.34 The potential reduction in 
procedure-related complications and improved skill 
acquisition contribute to overall cost-effectiveness. 
Additionally, financial benefit may be realized in terms 
of reduced PIV access supply use (secondary to improved 
first attempt access success) and reduced staff and care 
escalations. Finally, it is possible to enhance revenue 
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generation for vascular access teams by reallocating 
high-value resources away from phlebotomy and PIVC 
placement and toward billable procedures such as 
midline and PICC placement. 
 
It is important to acknowledge the challenges associated 
with integrating this technology. Ongoing updates, 
faculty training, and financial considerations are crucial 
factors. Moreover, faculty training and curriculum 
alignment are imperative to ensure that technology is 
integrated in a substantial manner and that students 
continue to develop traditional assessment skills, rather 
than becoming overly reliant on devices.  
 
Simulation-based learning has become a cornerstone of 
nursing education, bridging theoretical knowledge and 
clinical practice. NIR technology seamlessly integrates 
into simulation education, offering a realistic environment 
for students to practice PIV catheter insertion. The 
implications of this integration extend beyond skill 
acquisition, impacting the students' confidence and 
readiness for real-world application. While simulation-
based improvements are encouraging, an important 
question is whether these skills transfer to clinical 
environments characterized by patient comorbidities, 
time constraints, and variable supervision. Confidence 
gains were partially sustained at three months, but real-
world opportunities to practice PIVC insertion were 
limited for many students. This underscores the need to 
link simulation exposure with repeated clinical practice 
opportunities to maintain competence and ensure 
translation of skills to bedside performance.  
 
This study is subject to certain limitations. It was conducted 
at a single academic institution with a relatively small 
sample size, which may limit generalizability. Confidence 
was also self-reported and may not fully reflect objective 
competence. Future research should examine patient-
centered outcomes such as comfort, satisfaction, and trust, 
as well as conduct cost-effectiveness analyses in real-
world settings to provide more substantial justification for 
the adoption of NIR technology in both education and 
practice. In addition, longitudinal and multi-institutional 
studies are needed to determine whether simulation-
based improvements translate into sustained clinical 
performance and to inform the development of a 
standardized nursing curriculum for vascular access 
training.  
 

Conclusion 
The integration of NIR visualization technology into 
nursing education for PIVC placement enhanced students’ 
knowledge, confidence, and ability to perform 
comprehensive vascular assessments in a simulated care 
setting. Notably, the findings highlight the potential of 
NIR technology to reduce disparities in vascular access by 

improving site selection among patients with darker skin 
tones, thereby advancing equity in care. Beyond skill 
acquisition, NIR-supported simulation offers a valuable 
pathway to strengthen clinical preparedness, promote 
patient safety, and align nursing curricula with evidence-
based standards. Future work should focus on translating 
these educational gains into clinical outcomes and 
evaluating cost-effectiveness to guide broader adoption. 
Embracing technology-enhanced education represents an 
important step toward preparing competent, confident 
nurses and ensuring safe, equitable vascular access for 
all patients. 
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Appendix 1  
Demographic Questionnaire 

 Participants Demographic Data (Tick ( √ ) that apply to you)  

1. What age group are you in?  

☐1 ≤ 19 years  

☐2 20 – 29 years  

☐3 30 – 39 years  

☐4 40 – 49 years 

☐5 50 – 59 years  

☐6 ≥ 60 years  

2. What gender was assigned to you at birth? ☐1 Male ☐2 Female  
  
3. Other than the education today, have you had any previous peripheral intravenous catheter (PIVC) 

insertion or venipuncture training? ☐1 Yes  ☐2 No 

  
4. If yes to question 3, where was the training conducted?  

☐1 University ☐2 Hospital ☐3 Other, please specify: ___________ 

  
5. Do you have previous PIVC insertion or venipuncture experience?  

☐1 Yes  ☐2 No 

  

6. If yes to question 5, please indicate duration of experience: ☐ Years ☐ Months 

  
7. If yes to question 5, please indicate where the experience was gained:  

☐1 University ☐2 Hospital ☐3 Other, please specify: ___________ 

 

Appendix 2 
Knowledge of PIVC Insertion Questionnaire 

 Please answer the question by choosing/ticking (√) the option available  

1. What factors would support placement of a PIVC? (Please select one) 

☐ a. To deliver Mannitol 20% 

☐ b. Anticipated duration of IV medication of 14 days 

☐ c. To deliver 0.45% Sodium chloride + 5% Glucose  

☐ d. To obtain blood sample* 

  

2. As a general guideline, what type of peripheral IV catheter should be selected when considering 
routine peripheral venous access? 
  

☐ a. The smallest gauge catheter the vein will accommodate to deliver prescribed therapy 

☐ b. The longest length catheter the vein will accommodate to deliver prescribed therapy 

☐ c. The smallest gauge and longest length catheter the vein will accommodate to deliver prescribed 

therapy 

☐ d. The smallest gauge and shortest length catheter the vein will accommodate to deliver prescribed 

therapy 
  

3. Please indicate which veins below are most appropriate for routine PIVC placement in adult patients: 
(Please select all that apply) 
  

☐1 Veins of the wrist 

☐2 Mid-forearm basilic vein 

☐3 Vein of the ankle  

☐4 Mid-forearm cephalic vein  

☐5 Veins in areas of joint flexure 

☐6 Antecubital fossa cephalic vein 

☐7 Veins without bifurcations 
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☐8 Veins of the lower extremities 

☐9 Vein section that does not have valves 

  

4. Place the following PIVC catheter insertion steps in correct order from start to finish by putting number 
(1-9) in the box. 

☐ 1 Occlude blood vessel [8] 

☐ 2 Wash hands [1] 

☐ 3 Remove stylet [7]  

☐ 4 Thread catheter [5]  

☐5 Release tourniquet [6] 

☐6 Stabilize vein [3] 

☐7 Connect to an IV administration set or saline lock [9] 

☐8 Insert needle and catheter [4] 

☐10 Don gloves [2] 

  

5. Nurse A will insert a PIVC to adult patient who was admitted to the hospital one hour ago. Prior to the 
PIVC insertion, nurse A gives health education to the adult patient. What educational topics should be 
included in the health education? (please select one) 

☐ a. Purpose, expected outcomes potential & complications/risks and benefits 

☐ b. Type of the infusion therapy & the insertion procedure 

☐ c. Infusion-device related care to prevent complications * 

☐ d. All of the above 

  

6. From the following examples, select the most appropriate documentation for a PIVC insertion 
procedure?  

☐ a. Date, time, & name of the inserter  

☐ b IV catheter & infusion characteristics  

☐ c. Site insertion characteristics & patient responses  

☐ d. All of the above  

  

7. The greatest risk for contamination of the vascular access device after catheter placement is associated 
with failure to (Please select one) 

☐ a. Perform routine site care 

☐ b. Rotate the PIVC 

☐ c. Disinfect the needleless connector 

☐ d. Stabilize the catheter 
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Appendix 3 
Confidence with PIVC Insertion Questionnaire  
Please choose a response that best represents your confidence in PIVC insertion 
1=strongly disagree   
2=disagree   
3=neither disagree nor agree  
4=agree  
5=strongly agree 
  

No Statement 
Response 

1 2 3 4 5 

I am confident I can… 

1 Perform a pre-insertion PIVC site assessment           

2 Insert a PIVC within 1 or 2 attempts            

3 Select the most appropriate PIVC device for the prescribed treatment plan           

4 Assist my peers with difficult PIVC insertion           

5 Select an ideal vein for PIVC insertion           

6 Prepare the insertion site according to hospital protocol           

7 Insert the PIVC correctly           

8 Advance the PIVC correctly           

9 Remove the needle/stylet with minimal blood exposure           

10 Dress and secure the PIVC and tubing according to hospital protocol           

11 Document PIVC insertion according to hospital protocol           

12 Give patient education related to PIVC insertion and care           

13 Document the results of site assessment according to the hospital protocol           

14 Recognise signs and symptoms of PIVC complications           

  

Appendix 4 

1. Please indicate your level of agreement with the 
following statements: 

Strongly 
agree 

Agree 

Neither 
agree 
nor 
disagree 

Disagree 
Strongly 
disagree 

I found the near infrared education session helpful            

I received useful information today on how to use near 
infrared technology 

          

I would recommend the near infrared education 
session to my colleagues/peers 

          

I found the near infrared device easy to use           

I would feel more confident placing a PIVC using the 
near infrared device 

          

I would like to use the near infrared device on all my 
patients 

          

I think the near infrared device would enhance my 
ability to select an optimal site for PIVC insertion 

          

I think the near infrared device would enhance my 
ability to insert a PIVC 

          

  
Attitudes towards Vein Visualization Technology Questionnaire 

2. Have you used an AccuVein near infrared device before? ☐1 Yes  ☐2 No 

3. If yes to question 2, how long have you been using the device?  

☐1 0-3 months ☐2 4-6 months ☐3 7-12 months ☐4 Over 12 months 

4. If yes to question 2, please indicate whether you gained additional insights from the education session today 
about using the AccuVein near infrared device efficiently: 

☐1 Strongly agree ☐2 Somewhat agree ☐3 Neither agree nor disagree ☐4 Somewhat disagree ☐4 Strongly disagree 

5. Please share any other comments about your experience of the education session today and using the near 
infrared device: 


