
QI and EBP 

Development of Ultrasound-Guided Peripheral Vascular Access       
Education for the Nurse Anesthetist: A Quality Improvement         
Project  
Cory Groves, DNAP, CRNA, APRN1 , Emily Ingram, BSN, RN2, Samantha Koehler, BSN, RN2,
Zachary Homontowski, BSN, RN2, James Hurley, BSN, RN2 

1 Anesthesiology and Perioperative Medicine, Mayo Clinic, 2 Anesthesiology, Mayo Clinic 

Keywords: ultrasound-guided vascular access, education, quality improvement, nurse anesthesia, certified registered nurse anesthetist, peripheral 
vascular access, simulation training, CRNA, QI 

https://doi.org/10.63524/jnae.129558 

Journal of Nurse Anesthesia Education 

Background  
Ultrasound-guided peripheral vascular access was rarely used by Certified Registered 
Nurse Anesthetists (CRNA) within a large academic hospital since the use of ultrasound 
had not been common practice among CRNAs. 

Objective  
The purpose of this quality improvement project was to develop an educational 
intervention to increase the use of ultrasound for peripheral vascular access among 
CRNAs by 20% while also improving their knowledge, comfort, and confidence in using 
the technology. 

Design  
A pre-intervention survey revealed limited use of ultrasound for peripheral vascular 
access by practicing CRNAs, despite benefits of enhanced patient care demonstrated in 
the literature. The educational intervention included a virtual learning module, hands-on 
simulated training, and pre- and post-intervention knowledge assessments to measure 
CRNAs’ skills in ultrasound-guided techniques. 

Results  
Post-intervention results demonstrated a 64% increase in ultrasound use, with the 
average monthly rate of individual usage rising from 2.1 to 3.4 times. Additionally, 
participants’ knowledge scores improved from 52% to 82%, and they reported increased 
confidence with performing ultrasound-guided vascular access procedures. 

Conclusion  
While certain barriers, like lack of access to ultrasound machines and time constraints 
persisted after the intervention, this education effectively addressed individual 
knowledge and skill gaps. This quality improvement project underscores the value of 
structured educational programs in advancing the use of ultrasound technology in 
healthcare. This highlights the importance of ongoing training and education to sustain 
and improve CRNAs’ knowledge and skills. 

INTRODUCTION 

Ultrasonography is used by anesthesia providers for various 
procedures, from ultrasound-guided regional nerve blocks 
to point-of-care ultrasound. At our large midwestern aca
demic hospital, ultrasonography has been underutilized by 
Certified Registered Nurse Anesthetists (CRNA) since most 
ultrasound procedures fall under the physician scope of 
practice at this institution. On January 30th, 2021, the 
Council on Accreditation of Nurse Anesthesia Educational 

Programs required ultrasound guided vascular access (US
GVA) education be incorporated into nurse anesthesia pro
gram curriculum. The knowledge and skills nurse anesthe
sia students have developed in USGVA from their formal 
education prompted greater interest among the CRNAs of 
our institution to gain the education and experience 
needed to become proficient at this valuable skill. A prior 
survey at our institution revealed 52% of current CRNAs 
never received USGVA training during their formal anesthe
sia education and 64% never received USGVA training af
ter their formal anesthesia education. The education and/
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or training CRNAs did report receiving was reported to be 
self-taught or peer guided. To succeed in ultrasound-guided 
procedures, proper education and experience are essential 
for CRNAs, particularly when encountering patients with 
difficult intravascular access. 

This quality improvement (QI) project aimed to enhance 
ultrasound use for arterial and venous peripheral vascular 
procedures through the development and implementation 
of an online education module and hands-on simulation-
based training. The primary aim was to increase the use 
of USGVA by 20% from baseline, with secondary aims of 
increasing knowledge, comfort, and confidence of CRNAs 
performing USGVA procedures. 

BACKGROUND 

Obtaining reliable intravascular access is a fundamental 
skill for CRNAs. Venous cannulation is essential for admin
istering medications, fluids, and blood products and arterial 
cannulation is often required for continuous arterial blood 
pressure monitoring and laboratory testing.1‑4 Tradition
ally, CRNAs identify target vessels using landmark tech
niques, relying on presumed anatomical location, surface 
anatomy, and manual palpation.1,3‑16 Difficult intravascu
lar access is associated with extremes of chronological age, 
obesity, diabetes, intravenous drug use, end-stage renal 
disease, vascular pathology, hypovolemia, and hypotension 
among other factors.1‑4,6‑11,17 Difficult intravascular access 
often leads to multiple attempts, decreased patient comfort 
and satisfaction, increased need for central venous access, 
and treatment delays.1,2,5‑8,11,16 

Real-time ultrasound guidance enhances the likelihood 
of successful cannulation on the first attempt.2‑4,16‑22 Ul
trasound guidance is also associated with shorter time to 
successful cannulation, greater patient satisfaction, and 
fewer complications.4,5,7,11,13,14,17,19,20,22 This demon
strates why ultrasound is now the standard of practice for 
central venous access, given the complications that may 
occur without it.5,6,10‑12,14 By providing real-time, 2-di
mensional imaging of anatomical structures, ultrasound of
fers a more objective assessment than traditional methods 
of palpation and direct visualization.14 Ultrasound enables 
the CRNA to assess suitable vascular targets through vi
sualizing anatomical variations such as changes in vessel 
size, bifurcations, thromboses, calcifications, as well as ves
sel’s relation to neighboring structures such as nerves and 
other vasculature.12,14,21,23 Given the rise in obesity in the 
United States, the demand for ultrasound guidance in iden
tifying deeper vessels has become necessary.7,11,12 Many 
institutions recommend that only qualified personnel with 
adequate ultrasound training use ultrasound guidance for 
peripheral vascular access procedures.4,6,11 For hands-on 
procedures like USGVA, providers are encouraged to com
plete sufficient training, including didactic instruction, 
simulation-based practice, supervised skill performance in 
the clinical setting, and performance evaluations.4,6,11,19 

Previous studies on USGVA education have incorporated 
didactic education coupled with hands-on competency as
sessments to demonstrate proficiency.6,11,16,19‑21 For in

stance, Bhargava et al6 studied a group of nurses perform
ing first and second attempt peripheral intravenous (PIV) 
cannulation on pediatric patients using traditional land
mark techniques. After completing a 1 hour didactic session 
and hands-on training in ultrasound-guided PIV access, the 
nurses achieved statistically significant improvements in 
PIV success rates with an increase from 47.3% to 85.9% for 
first attempts and 54% to 92.2% for second attempts.6 

Competency thresholds varied among studies. For exam
ple, Adhikari et al9 deemed learners to be competent once 
they demonstrated successful cannulation on a simulation 
model, while Anderson et al8 measured competence after at 
least 9 successful cannulations post-education.6 Note that 
when introducing a new technique, practice and experience 
are necessary to achieve competence. Ultrasound-guided 
vascular procedures require fine motor skills and precise 
hand-eye coordination to guide the needle tip into a vessel 
which can be challenging for novice practitioners that are 
not familiar with ultrasound.11 

METHODOLOGY 

This QI project was deemed exempt from Institutional Re
view Board approval and supported by the anesthesia de
partment’s clinical practice committee. The primary goal 
was to increase ultrasound use by CRNAs for peripheral 
vascular access procedures, with secondary goals of en
hancing ultrasound knowledge, comfort, and confidence in 
USGVA. 

STEP ONE: NEEDS ASSESSMENT 

A needs assessment survey was distributed via the internal 
Research Electronic Data Capture (REDCap) system to all 
CRNAs within a large, midwestern academic hospital and 
was completed by 50% of CRNA staff. CRNAs who reported 
difficult intravascular access (1-2 times/month: 52%; 3-5 
times/month: 26%; 5 or more times/month: 18%) rarely 
chose to utilize ultrasound (never: 39%; 1-2 times: 38%; 3-5 
times: 11%; 5 or more times: 11%). Eighty-five percent of 
the CRNAs who completed the survey agreed or strongly 
agreed that proficiency in USGVA is a necessary skill of 
CRNAs, however 58% felt they did not have the training 
or experience necessary to perform USGVA independently. 
Ninety percent of the CRNAs indicated interest in formal 
ultrasound education and hands-on training for USGVA. 

STEP TWO: ONLINE MODULE DEVELOPMENT 

The use of ultrasound for any procedure requires knowl
edge of ultrasound technology, sonoanatomy, ultrasound 
transducer orientation, and proper body ergonomics. An 
online module was created with the help of institution-sup
ported medical photographers, medical animation special
ists, and instructional designers specializing in education. 
The module was divided into 4 lessons and took approxi
mately 60 minutes to complete. 

The first lesson covered ultrasound technology and 
physics. An interactive video provided an overview of ultra
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sound frequency, soundwave reflection, and attenuation ar
tifact affecting soundwave transmission. The 3 most com
mon ultrasound transducers, linear, curvilinear, and phased 
array, were discussed including ultrasound frequency, ul
trasound wave distribution, and common uses for each 
transducer. The high frequency linear transducer was des
ignated as the preferred ultrasound transducer for USGVA, 
since it provides the best resolution of small structures less 
than 6 centimeters in depth. 

The second lesson focused on vascular anatomy, includ
ing the most common venous and arterial anatomical struc
tures within the upper extremity. Examples of the expected 
sonoanatomy and anatomical relationships of veins, ar
teries, and nerves, and the echogenic differences between 
these structures were also provided. Anatomical knowledge 
of arteries and veins is crucial for the CRNA to identify the 
specific target vessels in a systematic and timely manner. It 
is equally important for the CRNA to know the location of 
surrounding structures to prevent iatrogenic complications 
during vascular access procedures. 

The third lesson covered ultrasound machine prepara
tion. The lesson provided interactive images on machine 
set up allowing the participant to practice adding patient 
information, choosing the appropriate linear transducer, 
and positioning the ultrasound machine to allow proper er
gonomics for the provider. The last portion of this lesson 
included a video on proper sterile sheath application of the 
transducer. 

The final lesson included instructions on how to orient 
the transducer to the ultrasound screen and how to scan 
the target vessel and surrounding anatomy. Once the vessel 
was identified, the learner was instructed to optimize image 
resolution by adjusting gain and depth and demonstrate 
proper transducer mechanics to center the vessel on the 
ultrasound screen. Lastly, while holding the ultrasound 
transducer with the nondominant hand and catheter/nee
dle with the dominant hand, 2 styles of dynamic out-of-
plane techniques were demonstrated via videos. 

For shallow vessels (< 0.5 cm deep), the tilting technique 
was demonstrated starting with the transducer tilted to
ward the insertion site to visualize the needle tip prior to 
vessel puncture. Once the needle tip is identified as a hy
perechoic dot on the ultrasound screen, the transducer is 
tilted away from the insertion site to follow the needle tip 
into the vessel. For deeper vessels (> 0.5 cm deep), the slid
ing technique was demonstrated starting with the trans
ducer perpendicular to the skin. Once the needle tip is iden
tified, the transducer is slid away from the insertion site, 
stopping when the needle tip is no longer identified on 
the ultrasound screen. The needle is then advanced until 
it reappears, and this sliding process is repeated until the 
needle tip is guided into the vessel. The final portion of this 
lesson demonstrated how to save an image for proper elec
tronic medical record documentation. 

Included in the education module was a pre- and post-
education test to measure knowledge acquisition. The 
questions for the pre- and post-test were the same. To mea
sure the change in participant knowledge, the pre-test an
swers were not released. Once the learner completed the 

online module and post-test, the questions and answers 
were shared with the learner for review. 

STEP THREE: HANDS-ON SIMULATION-BASED 
TRAINING DEVELOPMENT 

Three simulation stations were created to measure the 
learner’s understanding of the educational material and al
low an opportunity for hands-on practice. The first station 
included anatomical identification of specific structures of 
the upper extremity via ultrasound. Each CRNA was asked 
to identify various veins, arteries, and nerves on a human 
volunteer including: the cephalic vein of the forearm, the 
basilic vein of the upper arm, the radial artery at the wrist, 
the ulnar nerve at the wrist, the brachial artery at the cu
bital fossa, and the median nerve at the cubital fossa. The 
other 2 stations measured the learner’s ultrasound tech
nique when cannulating arterial and venous structures on 
gel models using the dynamic short-axis, out-of-plane 
technique. Participants had the choice of using either the 
tilting or sliding technique for each station. The hands-on 
training allowed participants to practice these techniques 
on artificial models under instructor guidance before utiliz
ing these techniques in clinical practice. Participants used 
institution-provided ultrasound machines and a linear 
transducer for each station. 

STEP FOUR: IMPLEMENTATION 

To support statistical significance, a sample size of 30 vol
unteers was deemed sufficient as a participant group. Given 
the possibility of some CRNAs not completing portions of 
the project, the goal for the initial group of CRNA partici
pants was 50 volunteers. Seventy-nine CRNAs replied to an 
email invitation volunteering to participate in the project. 
Fifty CRNAs were randomly selected using a random draw 
generator, representing all 10 specialty practice areas. Of 
the 50 volunteers invited to participate, 39 completed every 
aspect of the project including pre- and post-surveys, the 
educational module, and in-person simulation training. 

Prior to assigning the online education, a survey was 
sent to the study group via REDCap to assess their current 
estimated use of USGVA over the span of 1 month, confi
dence in their knowledge of ultrasound, comfort with us
ing the technology, and any barriers encountered to the use 
USGVA. Once the survey was complete, they were assigned 
the online module and were asked to complete the mod
ule including the pre- and post-tests within 2 weeks. The 
hands-on simulation-based training was held on 2 separate 
days and CRNAs used their personal time to participate. 
This training was conducted within a large conference room 
setting where 3 stations were set up for each skill. Each vol
unteer spent 30 minutes completing the 3 stations and re
ceived 1:1 observation and instruction. Three months af
ter participants completed the education, a post-survey was 
sent via REDCap to again assess their current estimated use 
of USGVA over 1 month’s time, confidence in their knowl
edge of ultrasound, and comfort with using the technology. 
Existing barriers to the use of ultrasound were also evalu
ated. 
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Figure 1. Ultrasound Use During Vascular Access      
Procedures  
Each color represents a single participant’s self-reported ultrasound use pre- and post-
education. 

RESULTS 

Study data was analyzed using BlueSky Statistics® software 
and was solely the work of the authors. The primary aim of 
increasing the use of ultrasound by 20% from baseline was 
exceeded with a pre-education combined estimated use of 
81 times and a post-education estimated use of 133 times. 
This is a 64% increase in use (see Figure 1). 

Pre- and post-survey results were analyzed using the 
Wilcoxon paired-sample test. A p-value of < 0.05 was used 
to determine statistical significance. Results from the sec
ondary aims revealed a statistically significant improve
ment in how each CRNA perceived their comfort (p = 
0.0004) (see Figure 2), knowledge (p = 0.008) (see Figure 3), 
and confidence (p = 0.0003) (see Figure 4) using ultrasound 
technology. 

Barriers preventing volunteers from utilizing ultrasound 
changed from pre- to post-intervention. Before the educa
tion, participants reported more internal barriers such as 
lack of skill, knowledge, and training. Following the educa
tion, less internal barriers were reported but external bar
riers remained, such as ultrasound availability, lack of time 
before a case, and current work culture (see Figure 5). 

Post-education results show a large decrease in educa
tion related reasons (blue colors) such as lack of skill, lack 
of knowledge, and time needed to train. 

Participant knowledge was also assessed within the on
line module with 10 questions pre- and 10 questions im
mediately post-completion of the module. The McNemar’s 
test was used to compare the pre- and post-tests and a p-
value of <0.05 indicated statistical significance. All ques
tions revealed an improvement in knowledge with 6 of the 
questions showing a statistically significant difference (see 
Table 1). 

DISCUSSION 

This QI project addressed the need for ultrasound educa
tion as identified through barriers by CRNA participants. 

This project adds to current literature on the successful use 
of a structured online learning module enhanced by hands-
on simulation-based training. This project led to increased 
use of ultrasound by CRNAs through increased knowledge, 
comfort, and confidence. This project also decreased indi
vidual barriers through education and training. 

Much of the literature detailing educational projects like 
this one focused on first attempt success rates as a primary 
goal.2‑4,16‑22 This QI project did not compare first attempt 
success rates using traditional methods versus ultrasound 
guidance. As previously discussed, outcomes among novice 
practitioners using ultrasound may not show increased first 
attempt success or decreased time to cannulation due to 
the steep learning curve necessary to become proficient in 
USGVA.11 This may deter those who are already success
ful with traditional vascular access methods to trial USGVA 
considering they may initially struggle. 

It was difficult finding time, space, and support during 
the work week to complete the hands-on training. Allowing 
the hands-on practice to occur within a reasonable amount 
of time following the education, CRNA participants used 
personal time on 1 of 2 days to complete the hands-on sim
ulation-based training within the project’s pre-determined 
timeline. 

Through pre- and post-surveys, CRNAs self-reported 
their use of ultrasound over 1 month’s time. The authors 
are aware that this data is subjective and there is potential 
for bias considering no true measurement was used. Having 
participants estimate their use was the only feasible mea
surement option as the electronic medical record is not 
routinely used to document ultrasound use and the CRNA 
population is too large to incorporate observation-based 
measurement in a project of this caliber. 

In a busy, constantly changing healthcare environment, 
CRNA retention was challenging. Throughout the project’s 
many phases, CRNAs retired, changed departments, and 
ended employment altogether. Many other volunteers com
pleted only a portion of the project with some completing 
no portions at all. Because of this, the participant group 
was not as robust as initially planned but still exceeded 
the minimum sample size as determined by the a priori 
analysis. Various methods were employed to keep partici
pants active and involved including frequent in-person and 
email communication and providing treats during simula
tion-based training sessions. 

Other barriers to ultrasound use were identified through 
the project’s pre- and post-surveys and offer opportunities 
for future QI work. These include items such as lack of ac
cess to an ultrasound machine, lack of time before the case, 
conflict with other specialties or groups when choosing to 
use ultrasound, and current work culture. These barriers 
are unique to this institution and may differ when com
pared to barriers at other institutions. A thorough identifi
cation of barriers should be performed if this project were 
to be duplicated at an outside institution. Limitations to 
this project include the inability to measure any level of 
CRNA competence in USGVA which would require a formal 
measuring tool and supervision by a designated evaluator 
during clinical performance when using USGVA. 
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Figure 2. CRNA Comfort Using USGVA     
Wilcoxon paired-sample test revealed a statistically significant increase in CRNA comfort using USGVA (p = 0.0004). 

Figure 3. CRNA Knowledge Using USGVA     
Wilcoxon paired-sample test revealed a statistically significant increase in CRNA knowledge of ultrasound technology for USGVA (p = 0.008). 

CONCLUSION 

Through the implementation of a structured ultrasound ed
ucation program, we aimed to assess the impact on par
ticipants’ utilization with a primary objective of increasing 
ultrasound use by 20%. At 6 months following the formal

ized education, the participants’ use had increased to 64%. 
Pre- and post-education test results revealed significant 
improvements in participants’ ultrasound knowledge. Fur
thermore, participants reported increased comfort and con
fidence after receiving the training. Findings highlight the 
efficacy of a structured ultrasound education program in 
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Figure 4. CRNA Confidence When Performing USGVA      
Wilcoxon paired-sample test revealed a statistically significant increase in CRNA confidence when performing USGVA (p = 0.0003). 

enhancing both utilization rates and participants’ knowl
edge and skills. These results emphasize the importance of 
continuous education and training in healthcare settings to 
improve patient care outcomes and staff satisfaction. 
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Figure 5. Barriers Hindering the Use of Ultrasound for Vascular Access Procedures           
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Table 1. McNemar’s Test   
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