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Abstract

Background: Managing acute pain is a common challenge in the emergency depart-
ment (ED). Though widely used in perioperative settings, ED-based ultrasound-guided
nerve blocks (UGNBs) have been slow to gain traction. Here, we develop a low-cost,
low-fidelity, simulation-based training curriculum in UGNBs for emergency physicians
to improve procedural competence and confidence.

Methods: In this pre-/postintervention study, ED physicians were enrolled to par-
ticipate in a 2-h, in-person simulation training session composed of a didactic session
followed by rotation through stations using handmade pork-based UGNB models.
Learner confidence with performing and supervising UGNBs as well as knowledge
and procedural-based competence were assessed pre- and posttraining via electronic
survey quizzes. One-way repeated-measures ANOVAs and pairwise comparisons
were conducted. The numbers of nerve blocks performed clinically in the department
pre- and postintervention were compared.

Results: In total, 36 participants enrolled in training sessions, eight participants
completed surveys at all three data collection time points. Of enrolled participants,
56% were trainees, 39% were faculty, 56% were female, and 53% self-identified as
White. Knowledge and competency scores increased immediately postinterven-
tion (mean+SD t, score 66.9+8.9 vs. t, score 90.4+11.7; p<0.001), and decreased
3months postintervention but remained elevated above baseline (t, scores 77.2 + 11.5,
compared to t,; p=0.03). Self-reported confidence in performing UGNBs increased
posttraining (t, 5.0+2.3 compared to t, score 7.1+1.5; p=0.002) but decreased to
baseline levels 3months postintervention (t,=6.0+1.9, compared to t,; p=0.30).
Conclusions: A low-cost, low-fidelity simulation curriculum can improve ED provider
procedural-based competence and confidence in performing UGNBs in the short

term, with a trend toward sustained improvement in knowledge and confidence.
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ULTRASOUND-GUIDED NERVE BLOCK TRAINING

Curriculum adjustments to achieve sustained improvement in confidence performing

and supervising UGNBs longterm are key to increased ED-based UGNB use.
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INTRODUCTION

Controlling acute pain is a cornerstone of Emergency Medicine prac-
tice and care.! In perioperative settings, ultrasound-guided nerve
blocks (UGNBSs) are a targeted pain management strategy that is as-
sociated with decreased opioid use, reduced hospital length-of-stay,
and increased patient satisfaction compared to traditional analgesic
regimens.2’4 Emerging evidence suggests that UGNBs are an effective
analgesic approach for an impressive array of acute pain indications
commonly encountered in the Emergency Department (ED) such as
laceration repairs, fractures, dislocations, abscess incision and drainage,
acute-on-chronic low back pain, shingles, or even acute pancreatitis.> ¢

Despite the potential benefits of UGNBs for ED patients in acute
pain, there has been a relatively slow rate of ED-based adoption. Recent
surveys demonstrate that only a small proportion of EDs offer training
and credentialing pathways to their providers for UGNBs, with a mini-
mal number of clinicians having received prior training.}” Thus, when ED
providers integrate UGNBs into clinical care, they have highly variable
training, practice patterns, efficacy, and incidence of adverse events.

Performing UGNBs requires skills in ultrasound image acquisi-
tion and interpretation to identify relevant sonoanatomy and precise
motor skills to guide the needle to the target. These motor skills are
complex and require practice to achieve mastery. Medical simulation
using models is a promising approach for training providers in point-
of-care ultrasound (POCUS) and allows for safe skill development
without jeopardizing patient safety.w’19 Commercial simulation
models for UGNB training and education are available; however,
their cost can be prohibitive for widespread use, and they are limited
in variety.?® Low-fidelity, cost-effective UGNB models have been
proposed; however, their impact on education and training out-
comes long term has not been explored.?*-2

Here we investigate the impact of a novel, cost-effective, low-
fidelity UGNB educational intervention on UGNBs performed in
an academic emergency center. For our curriculum we developed
simulation models that can be adapted to nearly any nerve block
performed in the ED and are easily scalable for training in nearly any
educational setting. Finally, we explore trainee comfort and compe-

tency with UGNBs as a result of our intervention.

METHODS
Study design and setting
This was a prospective, pilot pre-/postintervention study aimed at

assessing the impact of a brief simulation-based curriculum on UGNB
performance, competency, and self-reported provider procedural

comfort. The training took place in a simulation center of an urban,
tertiary care academic medical center, which has an ED that serves
65,000 patients annually. All curriculum development and study
proceedings were approved by the local institutional review board.

Participant recruitment and baseline knowledge and
confidence assessment

Participants were recruited to participate via email to the faculty
and resident email listservs. The study included emergency medicine
faculty and/or residents at the host institution who were actively
involved in clinical duties in the ED. After consenting to participate,
all participants received a pretraining survey (t,) asking them to
self-report demographic data as well as their perceived comfort,
confidence, and competency with both performing and supervising
UGNBs, measured via 1-10 Likert scale as well as 17 multiple-
choice questions assessing knowledge-based competency of UGNB
techniques, utility, safety, POCUS image interpretation, and anatomy

identification.

UGNB simulation curriculum

Participants completed a 2-h, in-person UGNB simulation-based
training session. The objectives of the training session were to
improve (a) knowledge-based competency of UGNB indications/
contraindications, conceptual techniques, and safety including safe
anesthetic dosing and possible complications; (b) POCUS image
interpretation and anatomical landmark identification on human
models; (c) needle visualization and manipulation on simulation
models; and (d) the practice of hydrolocation and hydrodissection
to accurately determine needle tip placement and to inject regional
anesthesia between the identified fascial planes.

Training sessions included a 20-min didactic session on UGNB
indications, contraindications, conceptual techniques, and safety.
Following the didactic session, participants were divided into small
groups of three to five participants and rotated through each of four
learning stations each equipped to teach one UGNB used for a com-
mon ED indication: (a) fascia iliaca block, (b) transgluteal sciatic nerve
block, (c) serratus anterior block, and (d) interscalene nerve block.
These blocks were selected due to their high-yield applications in
emergency medicine, and collectively they allow for comprehensive
mastery of UGNBs of the upper extremities, lower extremities, and
trunk as well as in targeting both nerve and plane block techniques.

Each station was attended by an educator who was a fellowship-
trained expert in emergency POCUS and who had advanced
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training in performing UGNBs. At each station learners participated
in POCUS scanning on a live model to identify sonographic land-
marks for the given block as well as hands-on practice for mastering
ultrasound-guided needle visualization and control, hydrodissection,
and anesthetic injection in low-cost, low-fidelity homemade reus-
able pork models.

UGNB low-fidelity pork simulation models

Dedicated pork models were hand-built using pork loin and house-
hold goods to mimic the anatomy of each of the four featured nerve
blocks. Pork meat represented surrounding muscle, bundled yarn
soaked in ultrasound gel imbedded in the meat was used to represent
nerves, cuts in the meat were made and reapproximated using meat
glue and a layer of tissue paper to represent fascial layers, wooden
dowels imbedded in the meat were used to represent bones, and
rubber tubing filled with water was used to represent blood vessels
(Figure 1). Reusable pork models were hand-made in advance of the
training sessions and stored in a commercial freezer at -18°C for up
to 1week prior to use. Each model cost approximately $12 USD to

produce, with the four models taking approximately 1.5-2h to create.

Fascia iliaca compartment block

In the fascia iliaca compartment block, local anesthesia is deposited
deep to the fascia iliaca to anesthetize several nerves in the hip and
upper thigh including the femoral nerve. This model was created
by making one horizontal cut in the superficial layer of the pork to

FIGURE 1 Materials used to make low-fidelity pork-based
ultrasound-guided regional anesthesia models.

approximate the fascia lata, another oblique cut for the fascia iliaca.
Deep to the fascia iliaca cut, a yarn bundle was placed next to two
sets of fluid-filled tubing to create the femoral nerve alongside the

femoral artery and vein (Figure 2A).

Serratus anterior plane block

In the serratus anterior plane block, local anesthetic is deposited
in the fascial layer surrounding the serratus anterior muscle. As a
plane block, there is no discrete nerve targeted. This model was
created by making one horizontal cut in the superficial layer of
the pork to approximate the border between the serratus ante-
rior muscle and the latissimus dorsi muscle/superficial tissue. An-
other parallel horizontal cut was made to approximate the deep
border of the serratus anterior muscle. Parallel wooden dowels
were embedded in this layer to create ribs, and tissue paper was
layered deep to the wooden dowels to represent the pleural line
(Figure 2B).

Interscalene brachial plexus neve block (IBPNB)

Between the anterior and middle scalene muscles in the neck,
the brachial plexus, which is targeted for this block, often has an
appearance similar to clustered vessels on POCUS. Thus, this model
was created by making an oblique cut in the pork to approximate
the border between the anterior and middle scalene muscles. Three
stacked sets of fluid-filled tubing wrapped in tissue paper were
embedded vertically along the cut surface (Figure 2C).

Transgluteal sciatic nerve block (TGSNB)

The sciatic nerve at the transgluteal level is identified deep to
the gluteus maximus muscle between the bony landmarks of the
greater trochanter and ischial tuberosity. This model was created by
making a midline horizontal cut in the pork and embedding bundled
yarn to represent the sciatic nerve between two wooden dowels.
(Figure 2D).

Posttraining knowledge assessment and follow-up

Immediately following the training session, study participants com-
pleted the same survey regarding their self-reported confidence
with both performing and supervising UGNBs. They also answered
the same 17 knowledge-based competency questions as part of the
posttraining competency assessment (t,). The same survey was elec-
tronically sent out to all participants 3 months after the in-person
training session to evaluate the resilience of the intervention over

time (t,).
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FIGURE 2 Images of targeted nerve block anatomy from a schematic, POCUS images from live patients, images of the pork models,
and POCUS images from the pork models for (A) fascia iliaca compartment block, (B) serratus anterior plane block, (C) interscalene brachial
plexus nerve block, and (D) transgluteal sciatic nerve block. POCUS, point-of-care ultrasound.

UGNB performance in the ED pre- and posttraining

The electronic medical record at our institution was queried for UGNBs
performed in the 3months leading up to and the 3months following
the training session. UGNBs performed were captured via documented

procedure notes as per standard operating practices at our facility.

Data analysis and statistical evaluation

Descriptive statistics were performed, and one-way repeated-
measures ANOVA were conducted on our primary outcomes of
provider self-reported confidence/comfort in performing UGNBs
and expertise as well as UGNB competence scores between
the time points, after testing for normality and assumption of
sphericity. Subsequent pairwise comparisons, adjusted for multiple
comparisons, were performed. The number and type of nerve blocks
performed pre- and posttraining sessions were also compared. All

analysis was performed in IBM SPSS Statistics program version 27.

RESULTS
Participant demographics
A total of 36 participants completed the precourse survey and

attended the in-person training session. Of these, 20 participants
(56%) were resident physicians, 14 (39%) were attending physicians,

and two (5%) did not disclose their training level. Overall, 56% of
participants were female and 53% of participants self-identified as
White.

UGNB knowledge-based competency

While all participants completed the preintervention survey (t,), only
eight participants completed surveys at all three time points. Among
these eight participants, significant differences in scores across all
three time points were observed (F(2,14)=20.16, p<0.001; Fig-
ure 3). Knowledge-based competency scores increased immedi-
ately postintervention (mean+SD t, score 66.9+8.9 compared to
t, score 90.4+11.7; p <0.001). Competency scores 3months postin-
tervention remained elevated above baseline t scores (t, scores:
77.2+11.5; p=0.031). Competency scores at 3months postinter-
vention trended down compared to immediately postintervention;
however, scores at 3months remain statistically higher than at base-
line (p=0.010).

Self-reported confidence performing and
supervising UGNBs

Among the eight participants completing all time point surveys, self-
reported confidence in performing UGNBs differed (F(2,14)=4.33,
p=0.034). Reported confidence increased immediately after train-
ing compared to baseline (mean+SD t, score 5.0+2.3 compared to



WALSH ET AL.

50f8

FIGURE 3 Ultrasound-guided nerve

block competency scores preintervention
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t, score 7.1+1.5; p=0.002). By 3months postintervention reported
confidence/comfort had decreased to baseline levels (t,6.0+1.9
compared to t,; p=0.30; Figure 4). There were no differences in self-
reported confidence in supervising UGNBs pre- or postintervention
at any time points (mean+SD t, confidence4.5+2.4, t,5.9+2.1,
t,5.5+1.8; p=0.18).

UGNBs performed in the department pre- and
postintervention

There were no significant differences in the number of UGNBs per-
formed in the ED in the 3months preintervention compared to the
3months postintervention. Totals were small pre- and postinter-
vention, with zero fascial iliaca blocks performed preintervention,
and one block being performed postintervention. One TGSNB was
performed clinically preintervention and three TGSNBs performed
postintervention. There was one IBPNB performed preintervention,
with no IBPNB performed in the 3 months postintervention.

DISCUSSION

Here we demonstrate that a brief, simulation-based intervention
using a combination of didactic and low-fidelity meat-based models
can result in sustained knowledge-based UGNB competency. Inter-
estingly, this did not translate into improved provider confidence in
either performing or supervising UGNBs long term and did not result
in a greater volume of UGNBs being performed in the ED postint-
ervention. These findings are likely related as we predict achieving
increased volume of UGNBs is directly linked to provider confidence
in performing these procedures, and in the case of attending physi-
cians, the confidence in supervising these procedures. To improve
the volume of UGNBs performed we likely need to incorporate
elements into our training curriculum, which will improve provider
confidence in addition to provider knowledge. Alternatively, offer-
ing longitudinal quality assurance review and feedback to providers

Post-intervention 3-months

could also result in sustained confidence and thus potentially UGNB
volume over time.

In this work, competency was assessed via knowledge-based
surveys. While knowledge base is an important element of compe-
tency, competency in performing POCUS-guided procedures includ-
ing UGNBs is complex and involves a host of skills: mastery of probe
positioning for optimal image, fine motor skills for needle control and
guidance, and precision in anesthetic delivery. Assessing the overall
effect of our educational intervention on UGNB competency will re-
quire future metrics such as performing objective structured clinical
examinations with expert observation; quality assurance review of
saved UGNB clips to evaluate image acquisition, needle manipula-
tion, and anesthetic placement; and prospective evaluation of both
efficacy and complications associated with UGNBs performed by
our learners. These evaluations were out of the scope of this pilot
study but will ideally be the focus of future work.

Model-based simulation training has demonstrated efficacy in
UGNB education.?*"*> While high-fidelity commercial models for
training UGNBs are available, costs of these models can be prohib-
itive, and they often do not allow for hydrodissection or anesthetic
injection to confirm appropriate needle tip placement. Homemade
UGNB training models are inexpensive compared to their commer-
cial counterparts and often favored for both learners and educators.
As an alternative to commercial models, cadaveric-based UGNB
training has also been described.?® However, this resource is fre-
quently unavailable outside of institutions without onsite medical
schools, and cadavers cannot tolerate repeat injection. While this
approach offers a relatively realistic training experience, the limited
availability of cadaver labs makes this approach not scalable.

Low-fidelity simulation models for UGNB training made of ma-
terials such as gelatin, meat products, or tofu have been previously
described.?*?228 Generally, these models are well received by
learners and are helpful in improving short-term procedural compe-
tency.?® Meat-based models have even been shown to score higher
on subjective “realism” of ultrasound image appearance and “feel”
of needling assessments compared to commercial models.?? While
prior studies have described construction of meat-based models
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for UGNB training, these studies have not assessed the effect of
training with these models long term. Consistent with the existing
literature, our meat-model based curriculum demonstrates overall
favorable educational outcomes in the short term, and addition-
ally suggests there may also be longer term benefits to this train-
ing approach. Our models are cost-effective and portable, can be
constructed in nearly any setting, and can be stored for future use.
Taken together, our work further supports that an UGNB training
curriculum involving low-fidelity meat-based models may be an ef-

fective educational approach.

LIMITATIONS

While our work demonstrates promising results, the number of
participants who provided data across all time points was quite
small. This was sufficient for our pilot study; however, in subse-
quent work we should recruit a larger sample size and offer incen-
tives for study completion posttraining session. As our participants
represented only roughly 20% of ED providers at our institution,
our limited sample size may also have impacted the likelihood of
seeing an effect on overall UGNB volume performed in our ED
posttraining. Additionally, this study was implemented immedi-
ately after the COVID-19 pandemic, and unprecedented patient
numbers, with high levels of boarding and increases in hallway
care, may also have negatively impacted our providers from per-
forming these procedures both given lack of space and capacity to
step away from seeing new patients to perform these procedures.
Developing a longitudinal training within the ED itself in addition
to expanding our educational intervention across as many ED pro-
viders as is possible (and ideally across all providers) will be crucial
to assessing the impact on UGNBs performed in the ED.

Our confidence evaluations were based on self-report by pro-
viders. While this is a fairly common practice in educational inter-
vention studies, additional more objective measures of intervention
efficacy should be included in subsequent work. Similarly, compe-
tence assessments were knowledge-based on surveys only. As de-
scribed, in the future it will be important to assess competency in

6.00 \

FIGURE 4 Self-reported confidence/
comfort with performing ultrasound-
guided nerve blocks preintervention (t,),
immediately postintervention (t,), and 3
months postintervention.

3-months

other modalities of UGNBs as well. Adjusting our assessment met-
rics in the future will strengthen our understanding of the potential
value of our educational intervention.

Participants were voluntarily recruited for this work. This self-
selection may have introduced bias in participant investment in
learning UGNBs. Finally, while our models are easy to recreate,
cost-effective, and portable, in terms of generalizability of our
meat-based models, using pork-based models may not be cultur-
ally appropriate in some communities. While we suspect using
an alternative product such as chicken or perhaps tofu may also
have had a good educational effect, this will need to be explored
further.

CONCLUSIONS

In this pilot study, our curriculum using homemade, low-fidelity
meat-based simulation models demonstrated improved knowledge-
based competency. However, provider self-reported confidence
in performing ultrasound-guided nerve blocks and the volume of
ultrasound-guided nerve blocks in our ED did not change. These
models allow for scalable ultrasound-guided nerve block training
opportunities that may otherwise not be available. Further work is
needed to assess additional competency metrics and clinical out-

comes following this training.
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