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Abstract

Background Point of care ultrasound (POCUS) is becoming a major extension of patient care. From diagnostic
efficacy to its widespread accessibility, POCUS has expanded beyond emergency departments to be a tool utilized

by many specialties. With the expansion of its use, medical education has begun to implement ultrasound education
earlier in curricula. However, at institutions without a formal ultrasound fellowship or curriculum, these students lack
the fundamental knowledge of ultrasound. At our institution, we set out to incorporate an ultrasound curriculum, into
undergraduate medical education utilizing a single faculty member and minimal curricular time.

Methods Our stepwise implementation began with the development of a 3-hour fourth-year (M4) Emergency
Medicine clerkship ultrasound teaching session, which included pre- and post-tests as well as a survey. The success
with this session progressed to the development of a designated fourth-year ultrasound elective, which was
evaluated with narrative feedback. Finally, we developed six 1-hour ultrasound sessions that correlated with first-year
(M1) gross anatomy and physiology. A single faculty member was responsible for this curriculum and other instructors
included residents, M4 students, and second-year (M2) near-peer tutors. These sessions also included pre- and post-
tests and a survey. Due to curricular time limitations, all but the M4 Emergency Medicine clerkship session were
optional.

Results 87 students participated in the emergency medicine clerkship ultrasound session and 166 M1 students
participated in the voluntary anatomy and physiology ultrasound sessions. All participants agreed or strongly agreed
that they would like more ultrasound training, that ultrasound training should be integrated into all four years of
undergraduate medical education. Students were in strong agreement that the ultrasound sessions helped increase
understanding of anatomy and anatomical identification with ultrasound.

Conclusion We describe the stepwise addition of ultrasound into the undergraduate medical education curriculum
of an institution with limited faculty and curricular time.

Keywords POCUS, Ultrasound Education, Point of Care Ultrasound, Undergraduate Medical Education

*Correspondence:
Kimberly M. Rathbun
Kimberly.rathbun@uga.edu

Full list of author information is available at the end of the article

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-023-04227-y&domain=pdf&date_stamp=2023-4-14

Rathbun et al. BMC Medical Education (2023) 23:263

Background

Point of care ultrasound (POCUS) is becoming increas-
ingly common in medical practice across a variety of
specialties. As a brief, targeted, and clinician-directed
imaging study performed at the patient’s bedside,
POCUS is favored for its accessibility and ease of use as
a diagnostic tool allowing the clinician to rapidly answer
specific clinical questions, optimize patient care, and
expedite management [1]. First becoming widely utilized
in the emergency department for various patient pre-
sentations such as trauma, undifferentiated shock, and
acute abdominal pain, POCUS use has now spread to
many other specialties [2-5]. In addition to guiding clini-
cal decision-making, ultrasound is playing an increas-
ingly important role in medical education. In 2012, the
Accreditation Council for Graduate Medical Education
(ACGME) and the American Board of Emergency Medi-
cine (ABEM) included ultrasound as one of the mile-
stones for emergency medicine residents with expansion
into other specialties training programs [6-9]. The util-
ity of incorporating ultrasound training at both the resi-
dency and fellowship level suggested that trainees could
benefit from even earlier exposure [10-11].

Medical schools have responded to these trends by
incorporating ultrasound into undergraduate medi-
cal education with the breadth of these programs vary-
ing from fully integrated, four-year programs to limited
integration of ultrasound into preexisting courses [12—
19]. Studies indicate that incorporating imaging-based
curricula into undergraduate medical education helps
students to better understand disease processes and diag-
nosis [20—22]. In addition to supplementing preexisting
learning objectives, exposure to an ultrasound curricu-
lum as a medical student impacts individual prepared-
ness to begin using ultrasound diagnostically in residency
[23].

Recommended curricula and educational strategies
for medical schools have been previously published in
Europe and the United States; however, a 2012 survey of
US medical schools showed that only 62% of survey par-
ticipants reported focused ultrasound education in their
UME curricula (Beeson 2013) with a subsequent survey
from 2014 indicating that only 27.7% of schools had a
formal curriculum [17, 24—27]. By 2019, that percentage
had risen to 74% [28]. Approximately 50% of Canadian
medical schools had implemented focused ultrasound
education in a 2014 survey [29]. These studies note that
major barriers to the implementation of ultrasound edu-
cation are curricular time, faculty time and expertise, and
access to equipment.

At our institution, medical students were exposed to
ultrasound intermittently during clinical rotations; how-
ever, there was no formal ultrasound instruction within
our curriculum. We sought to take steps to introduce
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ultrasound instruction in the undergraduate medical cur-
riculum using a single faculty member and minimal cur-
ricular time. Our stepwise implementation included the
development of an fourth-year (M4) Emergency Medi-
cine clerkship session, a designated M4 ultrasound elec-
tive, and an adjunct ultrasound curriculum correlating
with first-year (M1) gross anatomy and physiology.

Methods

The Brody School of Medicine at East Carolina Univer-
sity, United States, admits 90 students per year and has
a traditional four-year medical school (M1-M4) curricu-
lum. The medical school is associated with a 974-bed ter-
tiary-care teaching hospital that supports many residency
and fellowship training programs. There is an emergency
medicine residency, but no emergency ultrasound fel-
lowship. The emergency medicine residency curriculum
includes an ultrasound rotation during the intern year.

Phase I: emergency medicine clerkship academic half day
Because the Emergency Medicine clerkship is required
for all students and ultrasound is covered on the clerk-
ship shelf exam, it was selected as the initial target for
introductory medical student ultrasound education. In
coordination with the emergency medicine clerkship
director and executive curriculum committee, a 3-hour
block of educational time was designated for ultrasound
education. The sessions were held in the simulation
center which provided lecture space with equipment,
ultrasound machines with appropriate probes, and stan-
dardized patients. The sessions began with a 30-minute
presentation by an Ultrasound faculty member discuss-
ing basic machine operation and the physics of ultra-
sound. Then, students viewed instructional videos made
by the Society of Academic Emergency Medicine (SAEM)
Academy of Emergency Ultrasound (AEUS) Narrated
Lecture Series covering the extended focused assess-
ment with sonography for trauma (eFAST), biliary ultra-
sound, and aortic ultrasound. Each video was followed
by hands-on practice of that ultrasound examination on
a standardized patient. Instructors included emergency
medicine faculty and residents. The maximum number of
students per group was seven. If necessary, the students
were split into two groups for the hands-on practice. The
students each completed a seven-item, five-point Likert
Scale survey evaluating the effectiveness of the session.
They also completed a pre-test and post-test that con-
sisted of multiple-choice questions assessing ultrasound
knowledge related to the session subject material and a
free-response section assessing the ability to identify ana-
tomical structures on ultrasound images.
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Phase IIl: emergency ultrasound elective

Once the emergency medicine clerkship ultrasound ses-
sion was established and running smoothly, the creation
of a four-week fourth-year medical student ultrasound
elective was launched as the second phase of the project.
The goal of this elective was to expose fourth-year medi-
cal students to the core ultrasound applications used in
daily practice by emergency medicine physicians. This
elective allowed students to develop hands-on skills in
image acquisition and bedside interpretation of images,
improving competency in Focused Assessment with
Sonography for Trauma (FAST), Abdominal Aorta, Car-
diac, Biliary, Renal, Thoracic, and Soft tissue/Abscess
imaging. Students were also exposed to more advanced
emergency ultrasound applications including ocular,
advanced cardiac, deep vein thrombosis, testicular, and
procedural applications. Course requirements included
online didactics and 14 scanning shifts in the Emergency
Department. Enrollment in the elective was limited to
10 students per academic year due to the faculty time
required to complete the hands-on component. Prefer-
ence was given to students planning to pursue residency
in Emergency Medicine, Surgery, Radiology, or other
ultrasound-intensive specialty. This course was evaluated
by narrative feedback from students at the end of the aca-
demic year.

Phase lll: M1 anatomy and physiology correlation using
ultrasound

The final phase of ultrasound integration was the cre-
ation of an ultrasound curriculum that correlated with
the M1 anatomy and physiology courses. This ultrasound
series consisted of 6 separate sessions: cardiac, aorta,
upper abdominal, renal, pelvic, and ocular. The sessions
were scheduled immediately following coverage of cor-
responding material in M1 anatomy and physiology. Due
to limited curricular time, these sessions were voluntary
for students. The second-year medical student leaders
coordinated the timing of the sessions and notified M1
students of upcoming sessions. The sessions were held in
the simulation center, which provided lecture space with
equipment and ultrasound machines with appropriate
probes. Each session was designed to last no more than
1 h and consisted of an introductory lecture created by
the faculty member followed by hands-on ultrasound
practice. For the hands-on component of the session,
group sizes were limited to 5 students to one instruc-
tor and students practiced scans on each other. The ses-
sions were created and led by one emergency medicine
faculty member. Instructors included emergency medi-
cine interns on their ultrasound rotation, M4 students
enrolled in the ultrasound elective, and M2 student lead-
ers who were selected to facilitate the sessions. Mirroring
the emergency medicine clerkship ultrasound session,
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Table 1 Average pre-and post-test scores for EM clerkship
ultrasound session

Pre-Test Post-Test
Percent Correct Percent
Correct
EM Clerkship ultrasound session 53.5% 80.3%

Table 2 Prior ultrasound experience of EM clerkship ultrasound
session participants

None 1

Observation only 28
Performed < 10 scans 38
Performed 10-50 scans 12
Performed > 50 scans 4
No response 4
Total 87

pre-module and post-module assessments were used that
consisted of two parts: a session-specific multiple-choice
section assessing related ultrasound knowledge and a
free-response section assessing ability to identify ana-
tomical structures on ultrasound images. Additionally,
the students completed a seven-item, five-point Likert
Scale survey regarding the usefulness of the session and
whether it should be incorporated into the curriculum.

Results

Phase I: emergency medicine clerkship academic half day
During one academic year, 87 students participated in
the emergency medicine clerkship ultrasound session.
The mean percent correct on the pre-tests and post-tests
were 53.5% (median 58.3%) and 80.3% correct (median
83.3%), respectively (p<0.01) (Table 1). Overall, students
showed a significant increase in basic ultrasound knowl-
edge. Of the 87 students, 67 (77.0%) indicated minimal
prior ultrasound experience (none, observational only,
or performed<10 scans), 16 (18.4%) indicated that they
had performed>10 scans before this experience, and
four (4.6%) did not answer the question (Table 2). Sur-
vey results indicated that students found the educational
session relevant and useful (Table 3). All but one student
agreed or strongly agreed that ultrasound training is
both relevant to their level of training and was relevant
to the fourth year Emergency Medicine rotation. All
participants agreed or strongly agreed that they would
like more ultrasound training, that ultrasound training
should be integrated into all four years of undergraduate
medical education, and that ultrasound training applies
to their future careers as physicians.

Phase IIl: emergency ultrasound elective

The M4 Emergency Ultrasound elective was very popu-
lar and reached the maximum enrollment of 10 students
every year, with at least 10 other students having to be
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Table 3 EM clerkship ultrasound session survey score on 5-point
Likert scale (1 =Strongly Disagree, 5=Strongly Agree)
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Table 5 Average pre-and post-test scores for M1 session image-
based anatomical questions

Survey Question Score*
I'enjoyed this course. 4.76
Ultrasound education is relevant to my level of training. ~ 4.80
Ultrasound training is relevant to the M4 Emergency 4.87
Medicine rotation.

As a result of this training, my knowledge of ultrasound ~ 4.84
improved.

I have gained a basic understanding of ultrasound 468
physics.

| can operate an ultrasound machine at a basic level. 4.62
I can image the liver, spleen, pelvis, aorta, gallbladder, 461
and heart at a basic level.

Ultrasound training increased my knowledge of the 459
anatomy of the abdomen.

I'would like more ultrasound training. 4.82
Ultrasound training should be integrated into all 4 years ~ 4.72
of undergraduate medical education.

Ultrasound training applies to my future career as a 4.80

physician.

Table 4 Average pre-and post-test scores for M1 session
ultrasound knowledge questions

Session Year One Average Year Two Average
Percent Correct Percent Correct
Pre-Test Post-Test Pre-Test Post-Test
Cardiac 15.79% 89.47% 19.57% 80.43%
Aorta 50.0% 96.67% 39.58% 95.83%
Upper 35.0% 85.0% 41.67% 75.0%
Abdomen
Renal 50.0% 90.90% 47.92% 91.66%
Pelvis 65.91% 100.0% COVID CovID
Ocular 15.91% 100.0% 26.56% 87.50%

turned away yearly. Based on narrative feedback collected
at the end of the course, students found the elective to be
very useful for their medical training. They enjoyed the
hands-on component of the rotation the most, especially
noting that there were only one or two students with an
instructor. They found that the online didactic materials
were useful, especially with regards to pathologic findings
that are not often seen. While they enjoyed practicing

Table 6 Average M1 session survey score on 5-point Likert scale (1

Session Year One Average Year Two Average
Percent Correct Percent Correct
Pre-Test Post-Test Pre-Test Post-Test
Cardiac 30.0% 94.74% 40.0% 90.87%
Aorta 40.0% 95.0% 42.71% 98.96
Upper 7.20% 94.40% 17.78% 74.44%
Abdomen
Renal 32.95% 82.82% 16.66% 99.07%
Pelvis 39.77% 98.70% CovID COvVID
Ocular 68.18% 91.10% 19.53% 86.66%

ultrasound on patients, students noted that they might
have benefitted from additional practice on standardized
patients early in the elective.

Phase lll: M1 anatomy and physiology correlation using
ultrasound

Over two academic years, 166 M1 students participated
in the voluntary anatomy and physiology ultrasound
sessions (cardiac: 43 students; aorta: 27 students; upper
abdomen: 34 students; renal: 23 students; pelvis: 12 stu-
dents; ocular: 27 students). Due to the COVID-19 pan-
demic, the pelvis ultrasound session was unable to be
held during the second year. When comparing pre-mod-
ule and post-module scores, students demonstrated a
statistically significant (all p<0.05) increase in the basic
ultrasound anatomical knowledge assessed through the
multiple-choice section (Table 4) as well as image iden-
tification on ultrasound imaging (Table 5). Survey data
(Table 6) from all ultrasound curriculum sessions dem-
onstrated that students thoroughly enjoyed the ultra-
sound sessions while finding them extremely beneficial to
their education. Students were in strong agreement that
the ultrasound sessions helped increase understanding of
anatomy and anatomical identification with ultrasound.
Most students agreed or strongly agreed that ultrasound
training is relevant to their level of training, correlated
well with the gross anatomy curriculum, and should be
incorporated into the M1 curriculum.

=Strongly Disagree, 5= Strongly Agree)

Survey Question Cardiac Aorta Upper Renal Pelvis Ocular
(n=43) (n=27) Abdomen (n=23) (n=12) (n=27)
(n=34)
I enjoyed this course. 4.90 4.87 4.88 4.92 4.92 4.87
Ultrasound education is relevant to my level of training. 4.81 4.87 483 4.96 4.92 4.54
The pre-session lecture helped with my understanding of ultrasound. 4.81 4.80 493 4.92 4.92 4.81
This session increased my understanding of normal anatomy. 4.76 4.80 4.83 4.96 4.92 4.77
This session helped me identify anatomical features. 4.88 4.83 4.90 4.96 4.92 4.81
This session was well correlated with the first-year anatomy curriculum. 4.90 4.90 4.98 4.96 4.92 4.58
This session should be incorporated into the first-year anatomy and 4.76 4.83 4.80 4.96 492 454

physiology curricula.
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Discussion

In this educational intervention, we describe the stepwise
integration of ultrasound into undergraduate medical
education in an institution with limited faculty and cur-
ricular time. Point-of-care ultrasound, due to its effec-
tiveness as a cost-friendly diagnostic tool, is becoming
increasingly relevant in medical practice and medical
education. There is extensive literature demonstrating
the utility of incorporating ultrasound education early in
residency and fellowship training, and that the assimila-
tion early into the medical school curriculum was asso-
ciated with higher scores on image interpretation tests
[10-11, 23]. Even with these positive outcomes, many
schools have not been able to incorporate ultrasound
sessions into their curriculum due to limited faculty and
monetary resources [17, 27] . This paper aims to provide
a framework for institutions limited by faculty availability
to incorporate ultrasound into the pre-clinical and clini-
cal years, address the many barriers faced in implemen-
tation, and demonstrate that this curriculum improves
student performance and knowledge of anatomic rela-
tionships [17].

The introduction of ultrasound to the undergraduate
medical student curriculum was initially implemented
as a three-hour session during the M4 Emergency Medi-
cine clerkship. Similar incorporation of ultrasound at the
M3/M4 level has been attempted in the past with only a
few specifically targeting emergency medicine [30-32].
This session was relatively easy to implement. Given that
it required only 3 h of curricular time and ultrasound
questions are now appearing on standardized emer-
gency medicine tests, it made sense to add ultrasound
to the EM clerkship didactic sessions. The institutional
requirement that all students complete the M4 EM rota-
tion ensured that every medical student was exposed to
ultrasound prior to graduation. The sessions could be
held with a single instructor, but there would be more
downtime for students as they wait their turn to prac-
tice hands-on scanning. If less curricular time is avail-
able, much of the didactics are available online and the
session could be held in a flipped classroom format with
only the hands-on scanning session being in person. A
flipped classroom format could limit the time needed to
about an hour, assuming there are enough instructors.
Additionally, we used paid standardized patients for the
hands-on scanning, but students could scan each other in
the case that a similar resource is not available.

After the fourth-year EM clerkship ultrasound session
was established, a 4-week EM ultrasound elective was
created to provide a more in-depth ultrasound experi-
ence for interested M4 students. Similar courses have
been established at other medical schools [33]-[34]. The
didactic component of the elective is all online, requiring
minimal faculty time after the initial development. The
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didactic material we used for this elective is the same as
the didactic material used for the EM intern ultrasound
rotation, resulting in almost no extra time for curricular
development. If an institution doesn’t already have such
a rotation in place, the SAEM AEUS Narrated Lecture
Series offers modules covering all relevant ultrasound
exams. They offer short quizzes associated with the vid-
eos, but more extensive quizzes can be made (as was done
in our case). The significant limiting factor for this elec-
tive is the amount of faculty time needed for hands-on
scanning with the students. This was mitigated by having
the students’ hands-on scanning time coincide with the
EM intern’s scanning time. Care was taken to ensure that
no more than three learners were present at any time.
Students were also invited to attend the M4 EM clerk-
ship ultrasound sessions to practice scanning. Addition-
ally, once the M1 ultrasound sessions were developed,
M4 elective students attended those sessions to practice
scanning as well as to serve as near-peer instructors.

Following the successful implementation of the fourth-
year ultrasound elective and the growing demand for
ultrasound education, we sought to incorporate ultra-
sound earlier in the undergraduate medical curriculum.
Because of the technology’s ability to demonstrate struc-
tural relationships, anatomy courses have become the
natural target for incorporating ultrasound into pre-clin-
ical undergraduate medical education. Previous research
shows that students who participate in similar sessions
believed the sessions improved their understanding of
human anatomy and these feelings were objectively sup-
ported by improved test scores following instruction [12,
29, 35]. In addition, faculty that supervised similar ses-
sions were more likely to assign students higher subjec-
tive ratings on the student’s ability to perform ultrasound
and identify anatomical structures following ultrasound
instruction than students who did not receive instruction
[36—37]. The need for faculty, was mitigated by using M2
near-peer tutors as instructors with the faculty instruc-
tor floating from station-to-station to assist as needed.
Because of limited curricular time, the M1 sessions were
optional for students and were held outside of dedicated
class time. To incorporate these sessions into existing
curricular time, we plan to hold these sessions in con-
junction with anatomy and physiology laboratory time.
Half of the students will participate in the laboratory and
half will participate in the ultrasound session and then
the groups will switch halfway through the dedicated
time period. There are a variety of factors that play a role
in scheduling these sessions, such as available faculty/
near-peer tutors, number of ultrasound machines, and
available physical space.

While full curricula exist for the incorporation of ultra-
sound into the medical school curriculum, limitations
include lack of financial resources and faculty availability
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with the current curricula focused on faculty-led initia-
tives [17, 24—29]. Surveys of U.S. medical schools indi-
cated that limited funding and equipment, as well as
faculty time, are often barriers to the development of
ultrasound curricula in undergraduate medical education
[26-28]. Consequently, institutions that do not receive
significant national funding or have limited medical edu-
cation clinical staff have increased difficulty implement-
ing an ultrasound curriculum. The program described
in this manuscript was managed by a single EM faculty
member during existing paid administration time. To
address faculty limitations for the development of this
ultrasound program, the M1 ultrasound sessions were
organized by M2 students and instructors for the sessions
included EM residents, M4 students, and M2 near-peer
tutors. Implementing a similar educational program at
another institution cannot be a one-size-fits-all approach
and will require careful consideration of each institution’s
particular resources. To increase flexibility in the integra-
tion of ultrasound into existing curricula, these sessions
can be broken down into shorter single organ sessions or
combined into longer sessions covering more anatomy.
Another option would be for all didactic material to be
administered in a flipped classroom fashion so that all in-
person curricular time is used for hands-on scanning.

The main limitation to our study is the lack of long-
term outcomes. Specifically, whether ultrasound ses-
sions improved knowledge long-term and resulted in
better test performance and graduates who were bet-
ter prepared for residency. Additionally, we describe the
addition of ultrasound to the undergraduate medical
curriculum at a single institution; each institution has its
own unique challenges that might not be addressed by
our study.

Conclusions

The are many barriers an institution may face when
attempting to incorporate ultrasound education into
the undergraduate medical curriculum. In this manu-
script, we illustrate a stepwise approach to incorporat-
ing ultrasound into undergraduate medical education in
a setting that lacks faculty and curricular time. Students
found these sessions relevant and informative and felt
ultrasound was a useful tool for reinforcing basic science
concepts. These results suggest that the next step at our
institution should be adding the first-year medical stu-
dent ultrasound sessions to the formal curriculum.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512909-023-04227-y.

Supplementary Material 1

Supplementary Material 2

Page 6 of 7

Supplementary Material 3

Supplementary Material 4

Acknowledgements
We would like to thank the faculty and staff of the Brody School of Medicine
Clinical Simulation Center for their assistance with this project.

Author Contributions

AP JJ, MP, and RH collected, analyzed, and interpreted data and revised the
article. TP analyzed data and drafted the initial article. KR was responsible for
the conception and design of the work, with some assistance from AP and
JJ. KR revised and finalized the article. All authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations. This study was approved by the IRB of the Brody School of
Medicine at East Carolina University. Informed consent was obtained from all
participants.

Consent for publication
Not applicable.

Competing Interests
The authors declare that they have no competing interests.

Author details

'Department of Emergency Medicine, Augusta University, University of
Georgia Medical Partnership, Athens, GA, Greece

2Departmem of Surgery, Medical University of South Carolina, Charleston,
SC, USA

*Department of Orthopedic Surgery, Mayo Clinic, Rochester, MN, USA
“Department of General Surgery, Mayo Clinic, Rochester, MN, USA
5Departmem of Emergency Medicine, Prisma Health, Columbia, SC, USA
Department of Anesthesia and Perioperative Medicine, Mayo Clinic,
Rochester, MN, USA

Received: 8 August 2022 / Accepted: 3 April 2023
Published online: 19 April 2023

References

1. Soni NJ, Arntfield R, Kory P. Point of Care Ultrasound. 2nd ed. St. Louis, MO:
Elsevier; 2019.

2. Melniker LA, Leibner E, McKenney MG, Lopez P, Briggs WM, Mancuso CA.
Randomized controlled clinical trial of point-of-care, limited ultrasonography
for trauma in the emergency department: the first sonography outcomes
assessment program trial. Ann Emerg Med. 2006 Sep;48(3):227-35.

3. Sorensen B, Hunskaar S. Point-of-care ultrasound in primary care: a system-
atic review of generalist performed point-of-care ultrasound in unselected
populations. Ultrasound J. 2019 Nov19;11(1):31.

4. Stowell JR, Kessler R, Lewiss RE, et al. Critical care ultrasound: a national survey
across specialties. J Clin Ultrasound. 2018;46:167-77.

5. Wenger J, Steinbach TC, Carlbom D, Farris RW, Johnson NJ, Town J. Point of
care ultrasound for all by all: a multidisciplinary survey across a large quater-
nary care medical system. J Clin Ultrasound. 2020;48:443-51.


http://dx.doi.org/10.1186/s12909-023-04227-y
http://dx.doi.org/10.1186/s12909-023-04227-y

Rathbun et al. BMC Medical Education

20.

21.

(2023) 23:263

Beeson MS, Carter WA, Christopher TA, Heidt JW, Jones JH, Meyer LE, Promes
SB, Rodgers KG, Shayne PH, Swing SR, Wagner MJ. The development of the
emergency medicine milestones. Acad Emerg Med. 2013 Jul,20(7):724-9.
Accreditation Council for Graduate Medical Education (ACGME). ACGME
program requirements for Graduate Medical Education in Critical Care
Medicine (Internal Medicine). Available at: https://www.acgme.org/Portals/0/
PFAssets/ProgramRequirements/142_CriticalCareMedicine_2020.pdf?
ver=2020-02-14-155306-877. Accessed August 8, 2022.

Accreditation Council for Graduate Medical Education (ACGME). ACGME pro-
gram requirements for Graduate Medical Education in Surgical Critical Care.
Available at: https://www.acgme.org/Portals/0/PFAssets/ProgramRequire-
ments/442_SurgicalCriticalCare_2020_TCC pdf?ver=2020-06-22-090826-383.
Accessed August 8,2022.

Accreditation Council for Graduate Medical Education (ACGME). ACGME
program requirements for Graduate Medical Education in Anesthesiology.
Available at: https://www.acgme.org/Portals/0/PFAssets/ProgramRequire-
ments/040_Anesthesiology_2020.pdf?ver=2020-06-18-132902-423.
Accessed August 8,2022.

Alkhalifah M, McLean M, Koshak A. Acute Cardiac Tamponade: an adult
Simulation Case for residents. MedEAdPORTAL. 2016;12:10466.

Augenstein JA, Deen J, Thomas A, et al. Pediatric Emergency Medicine Simu-
lation Curriculum: Cardiac Tamponade. MedEdPORTAL. 2018;14:10758.

Rao S, van Holsbeeck L, Musial JL, et al. A pilot study of comprehensive ultra-
sound education at the wayne state university school of medicine: a pioneer
year review. J Ultrasound Med. 2008,27(5):745-9.

Hoppmann RA, Rao VWV, Poston MB, Howe DB, Hunt PS, Fowler SD, et al. An
integrated ultrasound curriculum (iUSC) for medical students: 4-year experi-
ence. Crit Ultrasound J. 2011 Apr;3(1):1-12.

Bahner DP, Adkins EJ, Hughes D, Barrie M, Boulger CT, Royall NA. Integrated
medical school ultrasound: development of an ultrasound vertical curricu-
lum. Crit Ultrasound J. 2013 Jul;2(1):6.

Blackstock U, Munson J, Szyld D. Bedside ultrasound curriculum for medical
students: report of a blended learning curriculum implementation and
validation. J Clin Ultrasound. 2015;43(3):139-44.

Hoppmann RA, Rao WV, Bell F et al. The evolution of an integrated ultrasound
curriculum (iUSC) for medical students: 9-year experience. Crit Ultrasound J.
2015;7.

Dinh VA, Fu JY, Lu S, Chiem A, Fox JC, Blaivas M. Integration of Ultrasound in
Medical Education at United States Medical Schools: a National Survey of
Directors'Experiences. J Ultrasound Med. 2016 Feb;35(2):413-9.

Wilson SP, Mefford JM, Lahham S, Lotfipour S, Subeh M, Maldonado G, Spann
S, Fox JC. Implementation of a 4-Year point-of-care Ultrasound Curriculum in
a Liaison Committee on Medical Education—-Accredited US Medical School. J
Ultrasound Med. 2017;36:321-5.

Liu RB, Suwondo DN, Donroe JH, Encandela JA, Weisenthal KS, Moore CL.
Point-of-care Ultrasound: does it affect scores on standardized Assess-

ment tests used within the preclinical curriculum? J Ultrasound Med.
2019;38:433-40.

Corona J, Patel A, Frazier R, et al. Ascites Module for Third-Year Medical
students: Group-Based learning workshop on the diagnosis, workup, and
management of Ascites. MedEdPORTAL. 2017;13:10546.

Marsland MJ, Tomic D, Brian PL, Lazarus MD. Pelvis anatomy tutorial using
radiological images. MedEdPORTAL. 2018;14:10778.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

Page 7 of 7

Marsland MJ, Tomic D, Brian PL, Lazarus MD. Abdominal anatomy Tutorial
using a medical imaging platform. MedEdPORTAL. 2018;14:10748.

Elhassan M, Gandhi KD, Sandhu C, Hashmi M, Bahl S. Internal medicine
residents’ point-of-care ultrasound skills and need assessment and the role of
medical school training. Adv Med Educ Pract. 2019;10:379-86.

CantisaniV, Dietrich CF, Badea R, Dudea S, Prosch H, Cerezo E, Nuernberg D,
Serra AL, Sidhu PS, Radzina M, Piscaglia F, Bachmann Nielsen M, Ewertsen C,
Saftoiu A, Calliada F, Gilja OH. EFSUMB Statement on Medical Student Educa-
tion in Ultrasound [long version]. Ultrasound Int Open. 2016 Mar;2(1):E2-7.
Baltarowich OH, Di Salvo DN, Scoutt LM, Brown DL, Cox CW, DiPietro MA, et
al. National ultrasound curriculum for medical students. Ultrasound Q. 2014
Mar;30(1):13-9.

Celebi N, Griewatz J, Malek NP, Krieg S, Kuehnl T, Muller R, et al. Develop-
ment and implementation of a comprehensive ultrasound curriculum for
undergraduate medical students - a feasibility study. BMC Med Educ. 2019
May;28(1):170.

Bahner DP, Goldman E, Way D, Royall NA, Liu YT. The state of ultrasound
education in U.S. medical schools: results of a national survey. Acad Med.
2014,89(12):1681-6.

Nicholas E, Ly AA, Prince AM et al. The current status of ultrasound education
in United States medical schools. J Ultrasound Med. 2021.

Steinmetz P, Oleskevich S, Lewis J. Acquisition and long-term retention of
bedside ultrasound skills in first-year medical students. J Ultrasound Med.
2016;35(9):1967-75.

Arger PH, Schultz SM, Sehgal CM, Cary TW, Aronchick J. Teaching medical
students diagnostic sonography. J Ultrasound Med. 2005 Oct;24(10):1365-9.
Angtuaco TL, Hopkins RH, DuBose TJ, Bursac Z, Angtuaco MJ, Ferris EJ.
Sonographic physical diagnosis 101: teaching senior medical students basic
ultrasound scanning skills using a compact ultrasound system. Ultrasound Q.
2007 Jun;23(2):157-60.

Fernédndez-Frackelton M, Peterson M, Lewis RJ, Pérez JE, Coates WC. A bed-
side ultrasound curriculum for medical students: prospective evaluation of
skill acquisition. Teach Learn Med. 2007 Winter;19(1):14-9.

Prats M, Royall NA, Panchal AR, Way DP, Bahner DP. Outcomes of an
Advanced Ultrasound Elective: Preparing Medical students for Residency and
Practice. J Ultrasound Med. 2016 May;35(5):975-82.

Olszynski P, Russell M, Neufeld A, Malin G. The clinical Ultrasonography Elec-
tive in Clerkship (CUSEQ): a pilot elective for senior clerkship students at the
University of Saskatchewan. Can Med Educ J. 2020 Mar;16(1):e144-6.

Yoo MC, Villegas L, Jones DB. Basic ultrasound curriculum for medical stu-
dents: validation of content and phantom. J Laparoendosc Adv Surg Tech A.
2004;14(6):374-9.

Tshibwabwa ET, Groves HM. Integration of ultrasound in the education
programme in anatomy. Med Educ. 2005;39(11):1148.

Tshibwabwa ET, Groves HM, Levine MAH. Teaching musculoskel-

etal ultrasound in the undergraduate medical curriculum. Med Educ.
2007;41(5):517-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/142_CriticalCareMedicine_2020.pdf?ver=2020-02-14-155306-877
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/142_CriticalCareMedicine_2020.pdf?ver=2020-02-14-155306-877
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/142_CriticalCareMedicine_2020.pdf?ver=2020-02-14-155306-877
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/442_SurgicalCriticalCare_2020_TCC.pdf?ver=2020-06-22-090826-383
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/442_SurgicalCriticalCare_2020_TCC.pdf?ver=2020-06-22-090826-383
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/040_Anesthesiology_2020.pdf?ver=2020-06-18-132902-423
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/040_Anesthesiology_2020.pdf?ver=2020-06-18-132902-423

	﻿Incorporating ultrasound training into undergraduate medical education in a faculty-limited setting
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Phase I: emergency medicine clerkship academic half day
	﻿Phase II: emergency ultrasound elective
	﻿Phase III: M1 anatomy and physiology correlation using ultrasound

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


