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Importance

Peripheral intravenous catheters are the most commonly used invasive devices in
hospitals. Previously reserved as a last resort technique, ultrasound-guided IV (USGIV)
access is associated with enhanced insertion success rates and is becoming the standard
of care. However, many Certified Registered Nurse Anesthetists (CRNAs) lack formal
USGIV access training.

Objectives

This quality improvement project aimed to train CRNAs from a large anesthesia
department in USGIV access using a train-the-trainer model and evaluate the training’s
effect on their knowledge, confidence, and skills.

Design, Setting, Participants

Conducted in UPMC Presbyterian’s Post Anesthesia Care Unit (PACU), the project
involved adapting an existing USGIV course for five 45-minute training sessions with a
volunteer sample of 60 CRNAs.

Main Outcome and Measures

Pre- and post-course surveys and quizzes measured knowledge and confidence. Skills
were assessed using a competency checklist.

Results

The average knowledge score increased from 5.0 to 7.3 out of 10 (46% improvement,
p<0.01), and confidence scores improved from 36 to 74 out of 100 (100% improvement,
p=0.002). All 60 CRNAs (100%) met the skills competency requirement. Preferences for
vascular phantom intravascular blocks were split, with 53% favoring commercial models
and 47% favoring homemade tofu models.

Conclusion

The adapted USGIV course significantly enhanced CRNA knowledge, confidence, and
skills. These findings support the integration of a simulation-based course to bridge the
knowledge and experience gap that CRNAs face in USGIV access. The cost-effective tofu
phantom models were nearly as favored as commercial models, suggesting a viable
alternative for training.
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author had no involvement in the editorial handling, peer review, or decision-making process for this manuscript. All procedures
were conducted in accordance with the journal's policies to avoid any potential conflict of interest.
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INTRODUCTION

BACKGROUND AND LITERATURE REVIEW

Peripheral intravenous catheters (PIVs) are the most com-
monly used invasive devices in hospitals, with approxi-
mately 300 million PIVs used every year in the United
States.] Approximately 80% of hospitalized patients and
nearly all surgical patients require at least one PIV.2 In
1999, Keyes et al3 published the first study on the use of ul-
trasound to guide PIV insertions. Initially reserved as a last
resort in difficult PIV cases, ultrasound-guided intravenous
access (USGIV) is quickly becoming a standard of care.? It
is widely believed that an increase in ultrasound familiar-
ity and availability will lead to routine ultrasound use in
guiding PIV insertions, rather than being limited to a res-
cue tool.5

A systematic review and meta-analysis by Tran et al®
demonstrated that nurses using USGIV techniques for PIV
placement achieved significantly higher first-attempt suc-
cess rates compared to traditional landmark-based meth-
ods. A systematic review and meta-analysis by van Loon et
al” found that, compared to traditional palpation and di-
rect visualization techniques, using an USGIV technique re-
sulted in improved PIV insertion success rates, reduced the
number of punctures, shortened the time to achieve IV ac-
cess, and improved patient satisfaction. Additionally, be-
cause a reduction in failed PIV insertions saves staff time,
decreases patient length of stay, and cuts costs, using an
USGIV technique can be considered a cost-saving strategy.%
8,9

Bhargava et all0 found that after the implementation
of a simulation-based USGIV course for pediatric intensive
care nurses, catheters placed using an USGIV technique had
higher first-attempt success rates and longer durations of
use compared to catheters placed using traditional, land-
mark-based techniques. In a prospective cohort study of
238 nurses, Amick et alll found that a simulation-based
USGIV course improved nurses’ IV insertion skills and self-
confidence. Finally, a systematic review by Hoskins et al?
found that competency in USGIV was not associated with
an operator’s years of healthcare experience or professional
role, whether nurse, physician, or allied health worker, but
highlighted that simulation-based training is an effective
method for developing USGIV skills.

RATIONALE, PURPOSE, AND AIMS

To keep nurse anesthesia programs at the forefront of anes-
thesia practice, the Council on Accreditation of Nurse
Anesthesia Educational Programs mandated that, begin-
ning January 1, 2022, all students entering an accredited
nurse anesthesia program must complete a minimum num-
ber of successful vascular access attempts.12 Before this
date, nurse anesthesia programs were not required to train
students in the use of ultrasound guided access such as
USGIV. Consequently, the first cohort of students graduat-
ing with mandatory ultrasound experience will enter the
workforce in 2025. Many Certified Registered Nurse Anes-

thetists (CRNAs) currently in the workforce lack training
in ultrasound-guided vascular access, including USGIV. Im-
plementing a formal, standardized USGIV training course
can bridge the knowledge and experience gap that these ex-
perienced CRNAs face.510:11

The purpose of this quality improvement (QI) project
was to use a train-the-trainer model to educate a volunteer
sample of CRNAs from a large anesthesia department in
USGIV and evaluate the effect of the training on the knowl-
edge, confidence, and skills of the CRNAs. The specific aims
of the project were to adapt an existing USGIV course to the
project’s setting, implement five sessions of the adapted
course, and evaluate the effect of the training on the knowl-
edge, confidence, and skills of the CRNAs. A secondary aim
was to evaluate participant preference between a commer-
cial and homemade USGIV trainer.

METHODS

HUMAN RESEARCH SUBJECTS PROTECTION

Approval for this project was received from the University
of Pittsburgh Human Research Protection Office (HRPO)
(IRB # MOD20120005-004).

SETTING

The setting for this project was the Post Anesthesia Care
Unit (PACU) of a large, tertiary care academic hospital. A
patient-free section of the PACU was reserved for the train-
ing. The target CRNA department for this QI project holds
recurring 45-minute meetings every Wednesday morning
before the first scheduled operating room cases. To avoid
additional staffing hours, the training was conducted dur-
ing these pre-scheduled meeting times.

SAMPLE

A convenience sample of CRNA volunteers participated in
this project. An IRB approved email script from the original
USGIV course was emailed to CRNAs within the depart-
ment, inviting them to voluntarily participate in the project
and receive USGIV training. Certified Registered Nurse
Anesthetists also had the option of receiving the same
training without participating as subjects in the project.

PROCEDURE
ADAPTED COURSE

The original course, Ultrasound Advanced Practice Provider
(USAPP) Peripheral IV Training, was developed at the Win-
ter Institute for Simulation, Education, and Research
(WISER) in Pittsburgh, PA.13 Originally 90-minutes in du-
ration, this course was modified for this project to fit within
the 45-minute timeframe of the scheduled Wednesday
morning CRNA meetings. For a comparison between the
original and adapted course, please refer to Table 1.
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Table 1. Original Course and Adapted Course Comparison

Original Course

Training requires additional staff hours

Adapted Course

No additional staff hours required; training conducted during weekly scheduled

morning meetings

Duration 90 minutes

Participants used computers or personal
devices; requires time navigating course
website

navigation

Course surveys and quizzes on separate
documents

USGIV video 10 minutes

Duration 45 minutes

Participants each assigned tablet PC set up for immediate start; no website

Course surveys and quizzes combined into one document

USGIV video 5 minutes; introduction, gathering IV supplies, site preparation,

tourniquet application, and dressing application segments removed

No train-the-trainer model

Addition of the train-the-trainer model

TRAIN-THE-TRAINER MODEL

A train-the-trainer model was selected to support knowl-
edge distribution and project sustainability. Ten second-
and third-year volunteer Student Registered Nurse Anes-
thetists (SRNAs) were recruited as members of the research
team and were trained by an experienced CRNA clinician
in USGIV using the adapted USAPP Peripheral IV Training
course. Immediately after completing their training, the
10 SRNA trainers conducted a practice session where they
each trained additional SRNA volunteers who served as
mock trainees. This allowed the 10 SRNA trainers to prac-
tice under the direct supervision of the supervising CRNA
until deemed competent in deploying the curriculum.

This initial instructor preparation activity served two
purposes: (1) preparing 10 SRNAs in a standardized and
structured manner as course instructors to deploy a vali-
dated curriculum, and (2) as an initial “alpha test” of the
adapted course. Lastly, a course debriefing was held, and
minor modifications were made to improve the timing and
efficiency of the adapted USGIV training course.

COMMERCIAL VS TOFU PHANTOM 1V BLOCKS

Ultrasound-guided intravenous access insertions were per-
formed using 20-gauge IVs on two types of vascular phan-
tom IV blocks: commercial silicone block models (Your De-
sign Medical, Brooklyn, NY) and homemade tofu models.
The commercial models were purchased online for $249.99
per device, while the homemade tofu models cost was $2
per model.

To create the tofu phantoms, firm tofu blocks were pur-
chased from a local grocery store. A chopstick was inserted
into a thin balloon which was inserted horizontally through
the tofu block, creating a “sandwich” effect. Four balloons
were inserted into each tofu block to simulate vessels for
cannulation. The balloons were filled with red-dyed water
using a slip tip syringe and securely tied off.

CRNA TRAINING METHODS

Between January and March 2023, a series of five 45-minute
courses were held, each accommodating 8-16 CRNAs. In

Figure 1. Commercial Silicone Block (Your Design
Medical, Brooklyn, NY) and Tofu IV Block Phantoms

these courses, one SRNA instructor trained two CRNAs, uti-
lizing a single brand of ultrasound machine (Sonosite, Fu-
jiFilm Sonosite Inc., Seattle, WA). Upon arrival, each CRNA
was provided with a tablet PC to take a pre-course survey
and quiz and view a five-minute video outlining USGIV pro-
cedures.

The pre-course survey collected demographic informa-
tion, including age, years of CRNA experience, and the fre-
quency of IV insertions conducted monthly, both with and
without ultrasound guidance. It also inquired about any
prior ultrasound training and the participants’ confidence
in their ability to perform USGIV procedures. The accom-
panying quiz assessed knowledge regarding the appropriate
probe type for USGIV, necessary ultrasound adjustments
(including depth and gain), and the ability to differentiate
between arteries and veins. The demographics survey,
knowledge assessment, and confidence assessment were all
adapted from the original WISER course.

Following the completion of the pre-course assessments,
CRNAs proceeded to their assigned ultrasound stations for
hands-on training. Ultrasound-guided intravenous access
cannulation attempts were made with 20-gauge peripheral
IVs on both commercial and tofu vascular phantom blocks.
A standardized training format was used to conduct the
training as seen in Figure 2.
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USGIV Training Format

Please ensure that each CRNA has completed the pre-course quiz and survey, as well as watched the

course video prior to beginning the training.

Ultrasound familiarity
1. CRNA to power on the machine
2. Confirm linear probe is for |V access

3. Verify probe orientation (dot indicator and screen correspond; or tapping probe to orient screen

laterality)

4. Knobology: CRNAs to familiarize with adjusting depth and gain, assist as needed

Anatomy Viewing

5. Instruct CRNA-1 take probe and locate radial artery on CRNA-2; identify adjacent veins
a. CRNA to adjust proper depth and gain, trainer assists as needed
b. CRNA to distinguish artery from vein at radial site; note compressibility and pulsatility

differences

c. CRNA to move probe to antecubital area. Find and differentiate artery and vein
6. Repeat steps in #5 with CRNA-2 viewing anatomy of CRNA-1

IV insertions

7. Silicone block: insert IV at least three times by each CRNA
8. Tofu block: insert IV at least three times by each CRNA
9. CRNAs may continue practicing IV insertions and viewing anatomy as time permits
10. Trainer utilizes competency checklist for each CRNA
a. All points on the checklist must be completed successfully for course completion
b. If any points are unsuccessful, please ask participant to continue until all points are met

Once the CRNA has performed IV insertions and fulfilled all checklist requirements, please ask CRNA to

complete the post-course survey and quiz.

Notes:

e The objective is to see tip of needle in the “vessel.” It is not necessary to thread the catheter. It
suffices to verbally indicate when the catheter would be threaded.

e The training emphasis is on the short axis/transverse approach. CRNAs may perform additonal
IV insertions using the long axis/longitudinal approach as time and interest allow.

Figure 2. Standard Training Format

A skills competency checklist!4 (Figure 3), previously
validated by expert consultation, was used to verify CRNA
skill proficiency.

Each checklist item was scored as completed or non-
completed (according to specific operational guidelines),
and redirection and retesting were provided until threshold
competency was achieved on each checklist item (a course
completion requirement).

While participants were required to achieve a minimum
of six fully successful USGIV insertions for course comple-
tion, most performed several more. In total, CRNAs en-
gaged in approximately 30 minutes of hands-on ultrasound
training during each 45-minute course. The course culmi-
nated with a post-course quiz that was identical to the pre-
course quiz. Additionally, a post-course survey was admin-
istered to gather feedback on various aspects of the course
and evaluate whether participants preferred the commer-
cial or tofu vascular phantom.

DATA COLLECTION AND ANALYSIS

Both before and after the training sessions, every CRNA was
provided with a tablet PC to complete pre-course and post-
course surveys and quizzes. Delayed post-course surveys
were sent via IRB approved emails to CRNA participants
during the first, second, third, and fourth weeks follow-
ing the course. All data were collected and stored securely
within the WISER password-protected and encrypted Sim-
ulation Information Management System (SIMS) database.

De-identified data was distributed by an honest broker
from the WISER database. Data analysis was performed us-
ing IBM SPSS Version 28.01.1. Descriptive statistics were
used to describe demographic data, while assessments of
knowledge and confidence levels were analyzed via
Wilcoxon matched-pairs signed rank tests.
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Checklist
All participants will perform, or verbalize the intention to perform, the specified skills and be marked off by the instructor.

Ooooo 1. Collect necessary equipment
Ultrasound with linear probe, gel, and cover
- Gloves, protective eyewear

- Tourniquet

Probe cover, alcohol preps, gauze, dressing and tape

- IV catheters, Hep-Lock
Ooood

Ooood
Hand hygiene done prior to patient contact
Ensure probe is clean
- Appropriate eye protection worn
Both hands gloved

2, Identify the patient and inform the patient as to the need for the procedure. *

3. Patient and personal protective measures taken™:

- Other protective gear specific to patient condition worn

Oooooo 4. Apply tourniquet and prep area with an alcohol wipe or chlorhexidine

An approved tourniquet is used.
- The tourniquet is placed prior to IV insertion.

The tourniquet is applied an appropriate distance above the target area for an IV start.
- IV insertion site cleaned with appropriate skin preparation®.

Oooooo 5. Ultrasound Probe Management

- Protective barrier is applied to the US probe as per facility protocol®
- Ultrasound probe and cover are kept clean throughout the procedure®

- Adjust depth based on vessel location

Ooood 6. Identify target vessel using the ultrasound

- Target vein is identified using the ultrasound

- Vein is collapsible and at a depth suitable for IV needle length*
- Iflocal anesthetic is desired now would be the time to use it
- Select an IV catheter size appropriate for vessel diameter

Ooo0oa
- Inform patient prior to needle stick

7. Inform patient prior to needle stick; Insert IV catheter. *

Participant independently inserts the IV catheter at 45-degree angle keeping tip of needle in view with US

- Once needle is in the lumen of the vein participant will decrease angel and continue to advance the entire needle within
the lumen of the vein while keeping the tip in view with the US

- Verify needle and catheter placement with US using long axis view
Once needle is at least % of the way into the lumen advance the catheter

Oooooa 8. Confirm blood return; remove tourniquet.

- A positive blood return is visible.

Tourniquet is removed prior to removing the stylet and connecting the Hep-Lok or IV administration set

Ooooa

9. Connect IV administration set or Hep-Lok; dispose of IV stylet.

The Hep-Lok or IV administration set is securely connected.
- Fluid flow confirmed if IV administration set is used.
- The IV needle is disposed of in a sharps container prior to leaving the patient. *

ooood

10. IV Catheter Stabilization and IV Site Dressing.

- An appropriate patient specific method for dressing and securing the I'V is used.

Instructor Signature Date

* Indicates critical fail

! Goode, I. S., ODenohoe, 0., & Choe, M., O'Donnell, I. M., (2007). IMSH Poster Presentation: The Impact of Intravenous Catheter Insertion Training
Modalities on Clinical Intravenous Catheter Insertion Performance in Graduate Nursing Students. Society for Simulation in Healthcare Annual Congress, San

Diego, CA

! O'Donnell, J. M., Goode, 1. S., ODonchoe, 0., & Choe, M. (2007). 07 IMSH Work-In-Progress Abstracts: The Impact of Intravenous Catheter Insertion

Training Modalities on Clinical Intravenous Catheter Insertion Performance in Grad

Society for Simulation in Healthcare, 1(15), 114.

Figure 3. Skills and Competency Checklist

RESULTS

DEMOGRAPHICS

From January to March 2023, 60 CRNAs participated in one
of five courses throughout the project. The average age of
participants was 39.5 (+/- 8.6) years, with an average of 10
years of CRNA experience. On a monthly basis, these CR-
NAs reported inserting an average of 43.6 IVs using stan-
dard palpation techniques, compared to just 1.1 IV inser-
tions with ultrasound guidance. Notably, only 20% (12
CRNAs) had previously undertaken a formal ultrasound
training course. Demographic information is detailed in
Table 2.

Students. Si ion in Healthcare: The Journal of the

SKILLS AND KNOWLEDGE ASSESSMENT

All 60 CRNA participants met the course completion re-
quirement of completing each item on the skills compe-
tency checklist for each of their six required insertion at-
tempts. The average pre-course and post-course knowledge
score improved from 5.0 to 7.3 out of 10, representing a
46% knowledge score improvement (Table 3). This change
in mean knowledge score was statistically significant with a
p-value < 0.01.

CONFIDENCE ASSESSMENT

The average pre-course and post-course confidence score
improved from 36 to 74 using a 100-point confidence scale.
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Table 2. Demographics

Variable Mean (SD) N

Age (years) 39.5(8.6) 57

RN experience (years) 16.9(9.3) 59

CRNA experience (years) 10.0(8.7) 60

Standard PI1Vs inserted per month 43.6(23.3) 57

US PIVs inserted per month 1.1(1.7) 56

US arterial lines inserted per month 2.5(2.1) 50

Variable Frequency N

Have taken previous US course 20% (12) 59
Table 3. Knowledge Assessment

Knowledge Assessment Mean Median IQR SD N

Pre-course 5.0 5.0 2.0 1.5 59

Post-course 7.3 8.0 2.0 14 62
Table 4. Confidence Assessment

Knowledge Assessment Mean Median IQR SD N

Pre-course 36.1 40.0 58 30.2 59

Post-course 74.3 80.0 38 18.4 14

This represented a 100.05% confidence score improvement
(Table 4). The change in mean confidence score was statis-
tically significant with a p-value = 0.002.

COMMERCIAL VS TOFU PHANTOM IV BLOCKS

A total of 32 CRNAs (53%) preferred using the silicone com-
mercial phantom IV insertion ultrasound trainer, whereas
28 CRNAs (47%) preferred the tofu phantom. Although the
commercial phantoms exhibited better resilience after mul-
tiple IV insertions, these models began to display artifact
on ultrasound after 2-3 training sessions. This artifact oc-
curred despite their advertised self-healing properties. The
silicone models were, however, usable for all 5 courses.
Conversely, the tofu phantoms withstood multiple IV sticks
during one course but degraded significantly and were not
usable for subsequent courses. Finally, the tofu phantoms
required refrigeration, and a lengthier setup time compared
to the commercial phantoms. For the comparison between
the commercial and tofu phantoms, please refer to Table 5.

DISCUSSION

The purpose of this QI project was to implement a train-
the-trainer model to educate a volunteer sample of CRNAs
in USGIV and evaluate the effect of training on the knowl-
edge, confidence, and skills of the CRNAs. A preexisting
WISER course, USAPP Peripheral IV Training, was adapted
for the project’s setting and timeframe. In total, 10 volun-
teer SRNAs were trained and participated as trainers, and

60 CRNAs participated in one of five courses conducted be-
tween January and March 2023. The average CRNA experi-
ence was 10 years with 80% (47 CRNAs) having had no prior
formal ultrasound training.

Consistent with previous studies on simulation-based
USGIV training,10:11 this project demonstrated positive ef-
fects on CRNA skills, knowledge, and confidence in USGIV.
All 60 CRNASs successfully met the skills threshold require-
ment. The mean knowledge score showed a significant in-
crease from pre-course to post-course, reflecting a 46% im-
provement. Additionally, the mean confidence score
significantly increased, with a 100.05% improvement. How-
ever, only 24% (14) of CRNAs completed the post-course
confidence assessment. The low response rate may be due
to the confidence assessment’s exclusion from the immedi-
ate post-course survey and its inclusion only in the delayed
surveys distributed weekly during weeks 1-4 post-course.

A secondary aim was to compare participant preference
of the silicone commercial phantom block to the tofu phan-
tom. All participants practiced with both models; 53% of
CRNAs preferred the commercial phantom while 47% pre-
ferred the tofu phantom. The tofu phantoms remained
functional for one course but degraded significantly and
were not usable for additional courses. Conversely, the
commercial phantoms were usable for all five courses but
began to show signs of wear and artifact after 2-3 courses.

From a cost-effectiveness perspective, each commercial
phantom cost 125 times the cost of a single tofu phantom,
and it is unlikely that a commercial trainer would outlast
125 tofu phantoms. Despite the low cost of the tofu models,
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Table 5. Comparison of Commercial Versus Tofu Vascular Phantoms

Commercial Tofu
CRNA 53% (32) 47% (28)
preference
Cost $249.99 $2
Durability Multiple courses One course
Notes Convenient, easy setup; useable for multiple courses; displayed Requires additional setup and

artifact on ultrasound after two to three courses

refrigeration; useable for one course only

they required significant preparation time, needed refriger-
ation, and degraded quickly. This required 5-10 tofu models
to be prepared for each course at a cost of $10-20 per ses-
sion, not including preparation time. Therefore, although
the tofu phantoms may be a more cost-effective option, fur-
ther study is needed to more precisely define the cost-ben-
efit relationship.

LIMITATIONS

One limitation of this QI project was the implementation
of the confidence assessment, which was conducted weekly
over four consecutive weeks post-course, but not included
in the immediate post-course survey. This resulted in a re-
sponse rate of only 24% (14 CRNAs). One potential im-
provement would have been to include the confidence as-
sessment in the immediate post-course survey. Another
limitation was the lack of assessment of the effect of the
course on the SRNA instructors who participated in the
project. This oversight presents an opportunity to assess
the effect of the train-the-trainer model on the knowledge,
confidence, skills, and change in ultrasound usage of SR-
NAs after participating in the project as a trainer. To ad-
dress this, future courses can include a trainer assessment
component. Lastly, this was a quality improvement initia-
tive and thus the results cannot be generalized to other set-
tings.

CONCLUSION

The use of USGIV is becoming increasingly recognized as a
standard of care. The implementation of an USGIV train-
ing course can help bridge the knowledge and experience
gap that many experienced CRNAs face in clinical practice.
The development of this new skill positions CRNAs at the
forefront of anesthesia practice and has the potential to im-
prove patient satisfaction. This project demonstrated that a
45-minute USGIV course led to significant improvements in
knowledge, confidence, and skills among experienced CR-
NAs who were trained by SRNAs utilizing a validated, struc-
tured, and standardized USGIV curriculum. The project re-
ceived positive feedback from both CRNA practitioners and
administrators.

Course materials were made available to participating
CRNAs and SRNAs at the University of Pittsburgh through
WISER. This project can serve as a model for CRNAs and fu-
ture SRNAs to implement an USGIV course in other health-
care facilities. The use of tofu IV phantom blocks, which
were favored by nearly half of the CRNAs, may represent
a cost-effective strategy for conducting USGIV training, al-
though the precise cost savings still need to be defined. Ad-
ditional projects are needed to assess the effect of an USGIV
course on CRNA knowledge, confidence, and skills at other
facilities, as well as to assess changes in ultrasound use for
this vascular procedure and for other procedures, such as
central venous catheter and arterial line insertions.
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