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Introduction: Difficult intravenous (IV) access (DIVA) is frequently encountered in the hos-
pital setting. Ultrasound-guided peripheral IV catheter (USGPIV) insertion has emerged as
an effective procedure to establish access in patients with DIVA. Despite the increased
use of USGPIV, little is known about the optimal training paradigms for bedside nurses.
Therefore, we developed and evaluated a novel, sustainable, USGPIV simulation-based
mastery learning (SBML) curriculum for nurses.
Methods: This is a prospective cohort study of an USGPIV SBML training program for bed-
side nurses over a 12-month period.We evaluated skills and self-confidence before and af-
ter training andmeasured the proportion of the nurses achieving independent, proctor, and
instructor status. Procedure logs and surveys were used to explore the nurse experience and
utilization of USGPIV on real patients with DIVA 3 months after the intervention.
Results: Two hundred thirty-eight nurses enrolled in the study. The USGPIV skill checklist
scores increased frommedian of 6.0 [interquartile range = 4.0–9.0 (pretest) to 29.0, inter-
quartile range = 28–30 (posttest), P < 0.001]. The USGPIV confidence improved from
before (mean = 2.32, SD = 1.17) to after (mean = 3.85, SD = 0.73, P < 0.001) training
(5-point Likert scale). Sixty-two percent of the nurses enrolled achieved independent status,
47.5% became proctors, and 11.3% course trainers. At 3-month posttraining, the nurses
had attempted a mean of 35.6 USGPIV insertions with an 89.5% success rate.
Conclusions: This novel USGPIV SBML curriculum improves nurses' insertion skills, self-
confidence, and progresses patient care through USGPIV insertions on hospitalized pa-
tients with DIVA.
(Sim Healthcare 17:7–14, 2022)

Key Words: Simulation-based mastery learning, ultrasound-guided peripheral intravenous
catheter, nursing education.
Peripheral venous access is a fundamental component of
hospital-based care. Peripheral intravenous (IV) catheters (PIVs)
are short (<7.5 cm) catheters commonly inserted into the su-
perficial veins of the upper extremities using a combination of
palpation, inspection, and anatomic landmarks.1,2 When tra-
ditional methods of PIV insertion fail, patients have a condi-
tion known as difficult IV access (DIVA).3–5 Difficult IV
access is associated with poor outcomes including increased
percutaneous punctures,4,6 increased pain,7 and delays in care.4,8

Difficult IV access may also increase utilization of central venous
access9–11 devices (CVADs), which are longer catheters generally
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inserted into large veins in the upper extremities or neck veins
and terminate near the heart.1 Central venous access device
utilization has been associated with increased morbidity, mor-
tality, and health care costs.12–14

Ultrasound-guided PIV (USGPIV) insertion uses ultraso-
nography to visualize and cannulate vessels that are not appar-
ent on physical examination.1,15 When compared with
traditional PIV insertion for DIVA, USGPIV is more success-
ful within fewer attempts,16 improves patient and provider sat-
isfaction,17,18 and has led to marked reduction in CVAD
utilization for patients with DIVA.9,10,19,20

Early USGPIV studies focused on physician-inserted cath-
eters,21,22 yet numerous studies have demonstrated that USGPIV
can be safely performed by nurses.16,20,23–25 Targeting nurses for
USGPIV training in the acute care setting is advantageous be-
cause they have direct patient contact 24 hours a day and are
often responsible for obtaining PIV access. Thus, empowering
nurses with the skills to manage patients with DIVA may im-
prove the quality and timeliness of care in this population.

Reports of nurse USGPIV training programs have shown
great variation in instructional methods, rigor, time commit-
ments, and requirements to achieve “competency” [for inde-
pendent practice].16,20,23–30 Similarly, the learning outcomes
7
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from these programs, including program completion rates and
procedural success rates, have been highly variable.16,20,23–30

Despite the growing number of nurse USGPIV training efforts,
there is a need for improved efficiency, effectiveness, and stan-
dardization of nurse USGPIV training.

Simulation-based mastery learning (SBML) could satisfy
this educational gap. Simulation-based mastery learning is a
rigorous form of competency-based education wherein all
trainees must objectively achieve a minimum passing standard
(MPS) in a simulated setting before performing the skill on pa-
tients.31 The MPS is set at a high level to ensure that although
learners may require varying amounts of practice time and
feedback, all learners ultimately reach safe and proficient skill
levels.31 Simulation-based mastery learning has been used to
effectively teach other procedural skills such as CVAD inser-
tion and advanced cardiac life support.32–34 Multiple studies
have shown that SBML is more effective than traditional clin-
ical education and improves patient outcomes.35–38

Despite the improved outcomes seen with other SBML
curricula, to our knowledge, no SBML curriculum exists to
train nurses in USGPIV procedures. Therefore, the aim of this
study was to design, implement, and evaluate the effects of an
SBML USGPIV insertion curriculum for nurses by analyzing
improvements in insertion skills, self-confidence, program
completion rates, and identification of factors related to suc-
cessful completion. A secondary aim was to explore how bed-
side nurses report using USGPIV skills to manage DIVA in
their clinical practice.

METHODS
This is a prospective cohort study of nurses who took part in
an USGPIV SBML curriculum from June 2017 to May 2018
at an urban, academic teaching hospital with more than 894 li-
censed adult beds. The Northwestern University Institutional
Review Board approved this study.

Participants
Approximately 2000 nurses were eligible to participate in

the USGPIV training. The SBML USGPIV course was offered
as part of our institution's continuing education and profes-
sional development program. Training was optional, and
nurses could voluntarily self-enroll through an online learning
management system. Study participation did not impact
nurses' ability to enroll in the course or receive training. Nurses
earned continuing nursing education credit for course com-
pletion. Monetary compensation, if any, was determined by
nursing unit managers and provided by the institution. All
participants provided verbal informed consent. Nurses who
completed the course activities were eligible for continuing
nursing education credit andmonetary compensation, regard-
less of study participation.

Measurement
The content of the curriculum was informed by the cur-

rent evidence-based practices and underwent multiple cycles
of prestudy pilot testing with volunteers and refinement
guided by learner and trainer feedback. A dichotomous
30-item USGPIV checklist was created (1 = done correctly;
0 = not done/done incorrectly) for scoring the simulated skill
tests. The checklist was developed using practices described by
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Stufflebeam et al,39 and the modified Delphi technique with 9
clinical USGPIV experts [6 board-certified physicians (4 emer-
gency medicine, 2 internal medicine), 1 critical care nurse, and
2 vascular access nurses].40–42 The checklist underwent pilot
testing on the simulator by 2 original trainers (A.E.A., S.E.F.)
with the volunteer nurses before initiating this study. Finally,
the checklist was reviewed for clarity, a grading rubric was created
and agreed upon, and 4 initial raters (A.E.A., S.E.F., E.M.D., and
P.T.) were calibrated.

The Mastery Angoff standard setting technique was used
to set the MPS on the checklist.31 Using this technique, a panel
of 12 experts (3 board-certified emergency medicine physi-
cians, 3 board-certified internal medicine physicians, and 5
emergency department, and 1 critical care nurse) were asked
to judge each checklist item and determine the percentage of
well-prepared trainees who would get each checklist item cor-
rect at posttest. A well-prepared trainee was defined as one
who could do the procedure safely and effectively during inde-
pendent patient care. The percentage provided for each check-
list item was averaged across the 12 expert judges and became
the MPS. To assess checklist reliability, we planned a priori for
a second rater (trainer) to co-grade a convenience sample of
10% of pretest and posttest. During the study period, an addi-
tional 13 participants who completed all phases of the training
achieved trainer status and scored pretest and posttests. Each
of these 13 participants independently co-graded pretest and
posttest with the 4 original trainers (A.E.A., S.E.F., P.T., E.M.D.)
serving as the criterion standard. Surveys asking about nurse
participant USGPIV insertion self-confidence and course sat-
isfaction were measured on a 5-point Likert scale (1 = very
low, 5 = very high).

Procedure
Training occurred in 3 phases, as outlined in Figure 1.

Phases 1 and 2 consisted of the SBML training, whereas phase
3 consisted of supervised insertions on patients with DIVA. In-
structors of phases 1 and 2 were nurses or physicians who had
extensive clinical experience with USGPIV insertion and had
completed a train-the-trainer course where they learned how
to deliver the curriculum, score the checklist, and facilitate de-
liberate practice (DP). Phase 1 took place over approximately
4 hours and began with a survey exploring nurses' demo-
graphics, prior clinical experience, and precourse confidence.
The demographic survey collected data on participants' age,
sex, nursing unit, years of nursing experience, highest nursing
degree, and prior PIV and USGPIV insertion experience
(number of insertions). Next, nurses completed a skill pretest
on a simulator (PICCLine Man; Simulab, Seattle, WA). The
pretest was scored using the checklist by the instructor(s) in
real time to help identify the learners' needs at the beginning
of the course. Nurses then watched a step-by-step instructional
video, followed by a recorded didactic lecture including a dis-
cussion of the current evidence-based guidelines. Next, nurses
participated in DP on the simulator with feedback from an in-
structor. The DP sessions consisted of structured exercises fo-
cusing on the basics of ultrasound, identification of vascular
structures, needle tip control, and dynamic guidance. During
this phase, the learners' needs were continuously assessed by
both learner and instructor and were addressed through
Simulation in Healthcare

. Unauthorized reproduction of this article is prohibited.



FIGURE 1. Schematic representation of the nurse USGPIV SBML curriculum design.
repeated cycles of deliberate practice and skill refinement.
Nurses were trained using a 20-g 1.88″ angiocath (Insyte;
Becton Dickinson, Franklin Lakes, NJ) with a linear array
L25x ultrasound transducer (SonoSite SII; SonoSite, Bothell,
WA) and advised by their instructors to use this needle length
and transducer type for all USGPIV insertions.

Phase 2 began when nurses returned to the skill laboratory
after approximately 1 week to complete USGPIV insertion
posttesting using the simulator and same skill checklist. Nurses
were required to meet or exceed the MPS to move to phase 3.
If they did not achieve the MPS, they were provided with feed-
back, additional DP, and returned to retest at a later date.
Nurses were allowed to repeat phase 2 as many times necessary
to meet or exceed the MPS. After phase 2, nurses were again
surveyed on USGPIV insertion self-confidence as well as their
satisfaction with the course.

After the MPS was met, nurses entered phase 3. Supervis-
ing proctors for phase 3 were nurses or physicians who had
successfully placed a minimum of 10 USGPIVs and were trained
on how to supervise new learners using a separate bedside proce-
dural safety checklist. Nurses were required to complete 5 suc-
cessful supervised insertions on patients with DIVA to ensure
simulation laboratory skills transferred to the bedside. Patients
with DIVA were defined according to institutional practices as
either having (a) 2 or more unsuccessful traditional IV inser-
tion attempts or (b) having no visible or palpable targets for
traditional PIV insertion. The benchmark of 5 successful in-
sertions was chosen in accordance with the available literature
and institutional experiences during pilot testing.19,24,27,29

Nurses were instructed to record all insertion attempts
(successful/unsuccessful) in a dedicated electronic log. Suc-
cessful USGPIV insertions were defined as having (a) insertion
with 2 attempts or fewer, (b) blood return, (c) flushed easily,
and (d) no infiltration or pain at the insertion site.

Supervised insertions took place in structured one-on-
one, 4- to 8-hour sessions or could occur during normal work-
ing hours if a preapproved proctor was available. After com-
pleting 5 successful USGPIV insertions on patients, phase 3
was complete, and the trainee was then independent. Nurses
who completed 10 successful insertions were eligible to be-
come proctors for new nurse trainees. Nurses could become
trainers for their unit if they had successfully placed 30
USGPIVs and attended a train-the-trainer course. These num-
ber cutoffs were based on prior studies describing the success
rates at various points in the USGPIV learning curve.24,27,29
Vol. 17, Number 1, February 2022
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The ultimate goal was to have unit-based proctors and trainers
such that ongoing training could be sustained.

Threemonths after completing phase 2, nurses were again
surveyed on USGPIV self-confidence. They were also surveyed
about their clinical experience with USGPIV insertion includ-
ing (a) number of total USGPIV attempts, (b) number of suc-
cessfully inserted USGPIVs, (c) insertion of an USGPIV that
prevented placement of or resulted in removal of a midline
or CVAD, (d) perceived improvements in patient care, and
(e) perceived improvements in job satisfaction.

Statistical Analysis
Descriptive summaries of collected data were reported as

means and standard deviations (SDs, parametric data) or me-
dians with interquartile ranges (IQRs, nonparametric data) for
continuous variables. Categorical variables were reported as
counts and frequencies (percentages). Checklist scores were re-
ported asmedians and IQRs, and theWilcoxon signed-rank test
was used to evaluate differences between pretest (phase 1) and
posttest (phase 2) checklist scores. Confidence and satisfaction
scores were reported as means and SDs, and independent t tests
were used to evaluate for difference in self-confidence from
pre-SBML training (phase 1) to post-SBML training (phase 2)
and then post-SBML training to 3 months (phase 3). Demo-
graphic variables that were continuous (age, years of nursing,
and traditional IV insertion experience) were categorized based
on their distributions for ease of analysis. The χ2 test was used to
evaluate demographic and clinical predictors of successful com-
pletion of phase 3 (obtaining independent status). Finally, be-
cause 17 different reviewer combinations co-graded (with 1 of
the original 4 trainers), percent agreement was used on checklist
items to determine interobserver reliability.43 Statistical analy-
ses were performed using IBM SPSS Version 25 (Chicago, IL).

RESULTS
Over the 12-month study period, 238 nurses enrolled in the
study while 4 declined. Demographic and clinical data of par-
ticipants are summarized in Table 1. Training structure and
study flow are summarized in Figure 2.

TheMPS on the skill checklist was set at 89% (rounded to
27/30 items). Of the 238 nurses who enrolled and completed
phase 1 of the curriculum, 217 (91.2%) returned for posttesting
and met or exceeded the MPS. Reasons for attrition before var-
ious phases of the curriculum are summarized in Figure 2. Spe-
cific reasons for individual attrition were not explored.
© 2021 Society for Simulation in Healthcare 9
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TABLE 1. Demographics and Prior Experience of the Nurses as
Predictors of USGPIV Competency as Determined by Achieving
Independent Status

n %
% Achieved

Independent Status P

Sex

Male 23 9.7 73.9 0.22

Female 215 90.3 60.9

Age, yr

20–24 60 25.2 75.0 0.06

25–29 111 46.6 58.6

>30 67 28.2 56.7

Education

BSN/associates 208 87.4 62.5 0.79

Advanced degree 30 12.6 60.0

Nursing unit

Medical/surgical acute care 140 58.8 60.7 0.43

ICU/step-down 76 31.9 61.8

ED 22 9.2 72.7

Nursing experience, yr

0–2 126 52.9 69.0 0.02*

>2 112 47.1 54.5

Traditional IV experience (no. insertions)

0–30 56 23.5 58.9 0.75

30–100 61 25.6 65.6

>100 121 50.8 62.0

Prior USGPIV experience (no. insertions)

Yes 19 8.0 57.9 0.69

No 219 92.0 62.6
*Statistically significant at α≦0.05.
USGPIV studies excluding nurses with <2 years of experience.16,23,27,44
One hundred ninety-nine (91.7%) of the nurses who met
the MPS achieved it on the first attempt, whereas 17 (7.8%)
nurses required 2 attempts and 1 nurse (0.5%) required a third
attempt. All nurses who returned for posttesting ultimately
achieved the MPS. Each time the nurse was unable to achieve
the MPS, remediation and retesting (at a later date) were un-
dertaken, which required between 15 and 60 minutes. Median
checklist scores increased from 6.0 [IQR = 4.0–9.0 (pretest) to
29.0, IQR = 28–30 (posttest)], as shown in Figure 3. The me-
dian difference between paired pretest and posttest was 23
points (P < 0.0001). One hundred eighty-five (85.3%) of the
FIGURE 2. Flow diagram of the nurses' progression through the pha
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217 nurses who achieved the MPS began phase 3. Most nurses
who began their supervised insertions (148/185; 80%) success-
fully completed phase 3 to achieve independent status, whereas
69 did not achieve independence (Fig. 2). Of the nurses who
completed training and achieved independence, 76% (113 of
148) went on to become proctors for new nurse learners and
27 (18%) underwent additional training (train the trainer) to
become trainers (Fig. 2).

Successful achievement of independent status did not vary
according to sex, age, level of education, type of nursing unit,
number of traditional IVs placed, or prior experience with
USGPIV insertions. Nurses with 0 to 2 years of nursing experi-
ence weremore likely to achieve independent status than nurses
with more than 2 years of experience (Table 1). Twenty-four
nurses reported prior experience placing USGPIVs, with an av-
erage of 9.45 USGPIVs placed before training. Despite this ex-
perience, these nurses had a mean pretest checklist score of
7.0/30, no different than nurses without prior experience. In ad-
dition, the nurses with prior USGPIV insertion experience per-
formed similarly to nurses without prior insertions on the
posttest and took a similar number of attempts to achieve inde-
pendent status.

Forty (9%) of 434 pretest and posttest were co-graded. Of
1200 graded checklist items, the graders agreed on 1151 items
with an overall percent agreement of 95.9%. There were no in-
stances where graders disagreed about whether theMPS thresh-
old was reached.

The USGPIV insertion skill self-confidence increased
from a mean of 2.32 (SD = 1.17) before training to 3.85
(SD = 0.73, P < 0.0001), after training (phase 1–2), as shown
in Figure 4. Learners were highly satisfied with the SBML train-
ing with a mean course rating of 4.78 of 5.

One hundred seventeen (79%) of the 148 nurses who
achieved independent status completed procedure logs. The
nurses who did not complete their logs but achieved indepen-
dent status had their successful insertions verified directly with
the SBML curriculum leaders by their nurse educators or other
proctors. Nurses who had not logged or verified their inser-
tions were not permitted to perform USGPIV on patients un-
supervised. For those with completed logs, nurses required a
median of 5 (IQR = 5–7) insertion attempts to achieve
ses of the study.

Simulation in Healthcare
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FIGURE 3. Comparison of median pretest and posttest scores with IQR (black lines) among nurses completing the USGPIV SBML curric-
ulum. The MPS is indicated by the horizontal line. Asterisk indicates statistical significance at α ≤ 0.05.
independent status, and more than half of the nurses achieved
independent status within 5 insertions.

After 3 months, 126 (58%) of the 217 nurses who com-
pleted phase 2 answered the follow-up survey. The USGPIV in-
sertion skill self-confidence remained high with a mean
reported score of 4.13 (SD = 2.93) compared with the mean
after phase 2 (posttests) of 3.85 (SD = 0.73, P = NS; Fig. 4).
Nurses reported inserting an average of 35.6 USGPIVs, with
an average success rate of 89.5%. Sixty percent of the nurses
reported having personally placed an USGPIV that directly
prevented amidline or CVAD, and 40% of the nurses reported
that they placed an USGPIV that directly resulted in the re-
moval of a midline or CVAD. One hundred percent of the
nurses stated that USGPIV insertion skills improved patient
care. Ninety-eight percent of the nurses reported improved
job satisfaction as a result of the USGPIV training.

DISCUSSION
This study demonstrates the efficacy of SBML to develop
USGPIV skills to a high standard among a large cohort of
FIGURE 4. Comparison of mean pretest, posttest, and 3-month conf
USGPIV SBML curriculum. Asterisk indicates statistical significance at
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bedside nurses. It is among the first studies to show that SBML
training for nurses translates into improved procedural skills
and self-confidence. Nurses undergoing USGPIV SBML train-
ing reported an overall success rate of 89.5%, which is higher
than success rates reported by several other non-SBML
USGPIV nurse training programs16,24–26,28,30,44,45 The benefits
of USGPIV in DIVA have been well described. Thus, establish-
ing USGPIV access at higher rates of success may reduce the
known complications of DIVA including more percutaneous
punctures, higher pain scores, care delays, and increased pro-
vider time commitment.4,6–8,17,46 In addition, nurses reported
that their USGPIV skills facilitated both prevention and re-
moval of CVADs, and all nurses reported that they felt that
these skills improved patient care. Although there is a growing
body of literature that shows SBML results in improvements in
downstream translational science outcomes for physicians,
these findings suggest that SBML may have the potential to
do so for nurses as well.35,36,47 Simulation-based mastery
learning has been previously used to train nurses on CVAD
maintenance skills. However, this training was assessed only
idence scores with SDs (black bars) among nurses completing the
α ≤ 0.05.

© 2021 Society for Simulation in Healthcare 11
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in the simulation laboratory, and it is unknown how this train-
ing translated into clinical practice.48 Further investigation
should focus on how SBMLUSGPIV trainingmay translate di-
rectly to patient outcomes.

This study is also unique because, to our knowledge, this
is the first report to describe training nurses in USGPIV skills
with such a large cohort of learners. The training paradigm
of educating nurses to become proctors and trainers allows
for a sustainable expansion of trained providers. This SBML
curriculum was highly effective at improving USGPIV skills
and, despite the rigor, was not more time-intensive than other
nonmastery training programs described elsewhere.23,24,49,50

The didactic and simulation portions were completed in ap-
proximately 4.5 hours, whereas the training commitment dur-
ing the proctored patient insertions (phase 3) varied and could
be completed during normal working hours. This is consistent
with another SBML training program on ventricular assist de-
vice self-care, which showed that SBML training took similar
time compared with traditional training methods, but SBML
learners had superior skills.51 These data directly contradict
findings from a meta-analysis comparing mastery learning
with nonmastery education, which concluded that SBML
takes more time.52 Thus, SBML represents an advantageous
option for those seeking to implement a similarly successful
and rigorous USGPIV program.

In addition, despite the voluntary nature of the training,
90% of the learners returned for testing and met or exceeded
the MPS, and more than 60% of all nurses who were enrolled
achieved independent insertion status. Although data are lack-
ing on completion rates from other USGPIV curricula, some
studies have reported that only 35% to 43.3% of providers
trained in USGPIV insertion went on to use this skill in routine
clinical practice.24,30 Although we did not directly study detailed
reasons for overall attrition, other studies examining barriers to
utilization included limited access to ultrasound systems, time
commitment, and not feeling that it was needed.25,30 These re-
ported barriers could have posed similar challenges at this study
site.We believe that the higher completion rate demonstrated in
this study was related to the use of engaging adult learning
strategies including SBML (ie, simulation, mastery learning,
and hands-on DP). Determining how to continue to improve
completion rates is an important area for future study.

Of particular interest in this study was the performance of
nurses with more years in nursing practice or with previous
USGPIV experience. Nurses with more experience (>2 years)
were not more likely to achieve independent status than their
less experienced (0–2 years) peers. Although some institutions
have limited USGPIV training to nurses with 2 years or more
experience,16,23,27,44 our study demonstrates that this skill can
be successfully mastered by nurses with a variety of experience
levels. This finding is also consistent with our prior finding
that nurses with more years of experience performed poorer
on CVADmaintenance tasks than their less experienced coun-
terparts.48 Similarly, nurses with more traditional IV experi-
ence were not more likely to achieve independent status.
This may be due to important differences in the skill and tech-
nique required for successful PIV and USGPIV placements.
Thus, it should not be assumed that traditional PIV skills offer
advantages when learning USGPIV insertion. In addition,
12 USGPIV Insertion Skills of Practicing Nurses
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nurses who had previous USGPIV experience did not outper-
form their inexperienced colleagues on pretesting and
posttesting or number of insertions needed to achieve inde-
pendent status. These findings align with other studies show-
ing that clinical experience is not a reliable proxy for skilled
performance.53,54 Overall, these data show that USGPIV train-
ing opportunities should not be prioritized based on demo-
graphic factors, advanced nursing experience, or preexisting
traditional PIV or USGPIV experience.

Our study had several limitations. First, the study was per-
formed in a single high-resource academic medical center po-
tentially making our results less generalizable. We believe that
the costs (ie, personnel and time) of our training programmay
be offset by improved nursing job satisfaction as well as im-
proved patient care. Further study is required to evaluate clin-
ical outcomes such as reductions in nursing turnover or
CVAD insertions from SBML USGPIV training. Despite this
limitation, one strategy to apply this curriculum in a
resource-limited setting would be through scaling the training
program to focus on training fewer nurses to independence,
proctor, and then trainer status. Because the cost of training
is largely in personnel time, training a cohort of proctors and
trainers can help facilitate on-the-job training. A second limi-
tation is the potential for volunteer bias because a large num-
ber of nurses who volunteered for the training demonstrated
motivation to complete the training.However, we have no reason
to believe that the demographic and clinical information pro-
vided by our trained nurses differs from nurses that we did not
train or that of the nurses at other institutions. Third, we relied
on surveys and procedure logs to provide our patient USGPIV
insertion results. This may have confounded the data with recall
bias. However, at the time of the study, wewere unable to capture
accurate documentation of USGPIV insertion in our electronic
medical record and needed to rely on self-reporting logs and
surveys. Nurses were instructed to log all successful and un-
successful USGPIV insertions after training. However, some
logs were incomplete or incorrectly used. Finally, we intended
to co-grade 10% of pretest and posttest. However, we were
only able to co-grade 9%. We do not believe that this small
variation had a significant impact on our interrater agreement.

In conclusion, our USGPIV SBML curriculum improved
nurses' insertion skills and self-confidence while potentially
improving patient care through USGPIV insertions on hospi-
talized patients with DIVA. In just 1 year, nearly every unit in
our institution gained at least 1 independent USGPIV inser-
tion nurse for each shift. Institutional practice inmanaging pa-
tients with DIVA changed from a cascading process of
multiple failed traditional PIV insertion attempts to a new
standard of care for early utilization of USGPIV as demon-
strated by the number of USGPIVs inserted in our study. This
training could be a reproducible and successful method to rap-
idly impact standard of care, elevate nursing practice, and im-
prove quality and safety for patients with DIVA.
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