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Abstract 

Background: Hands‑on ultrasound experience has become a desirable component for undergraduate medical edu‑
cation (UGME) curricula throughout medical schools in the United States (US) to enhance readiness for future training. 
Ultrasound integration can be a useful assistive educational method in undergraduate medical education to improve 
anatomy and physiology skills. Relatively few medical schools have integrated ultrasound experiences formally into 
their 4‑year medical school curriculum due to limitations of a resource intensive set up.

Methods: We undertook a scoping review of published UGME ultrasound curricula integrated into all four years in 
peer‑reviewed as well online literature. In addition, we provide a narrative review of our institutional experience in 
conceptualization, design and implementation of UGME ultrasound curriculum driven by need to address the fading 
knowledge in anatomy and physiology concepts beyond pre‑clinical years.

Results: Integrated ultrasound curriculum at WFSOM utilizes focused ultrasonography as a teaching aid for students 
to gain a more thorough understanding of basic and clinical science concepts taught in the medical school curricu‑
lum. We found 18 medical schools with ultrasound curricula published in peer‑reviewed literature with a total of 33 
ultrasound programs discovered by adding Google search and personal communication

Conclusions: The results of the review and our institutional experience can help inform future educators interested 
in developing similar curricula in their undergraduate programs. Common standards, milestones and standardized 
competency‑based assessments would be helpful in more widespread application of ultrasound in UGME curricula.
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Introduction
The integration of hands-on ultrasound experience has 
become a highly desirable component for undergradu-
ate medical education (UGME) curricula throughout the 
United States (US) as part of enhanced efforts to improve 
readiness of future doctors. Several schools have imple-
mented a student-performed ultrasound experience to 

a variable degree throughout the formal 4-year medical 
school program and many individual medical special-
ties have incorporated ultrasound into their electives 
highlighting ultrasound based clinical applications [1, 
2]. Programs have described the impact of ultrasound 
integration in medical education curriculum in helping 
enhance traditional learning of anatomy, medical physiol-
ogy, and clinical skills of their medical students.

We investigated the published literature on curric-
ular integration and its structure at a medical school 
level inform on factors to consider during UGME pro-
gram development concerning ultrasound integration. 
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We provide a scoping review of published curricular 
key metrics necessary for the development and imple-
mentation of UGME ultrasound program. We then 
describe our institutional experience in integrating 
ultrasound into the Wake Forest School of Medicine 
UGME curriculum emphasizing the challenges and 
lessons learned.

This synopsis on challenges, successes and impact in 
integrating ultrasound into UGME pre-clinical and clini-
cal years can hopefully inform future UGME program 
development for schools exploring ways to improve their 
undergraduate programs.

Methods

1.  A scoping review of literature was performed by 
authors (LJ, JGV, AS) using the electronic database 
PubMed, MEDLINE and the Cochrane Library in 
English literature using the following search words 
“Ultrasonography”, Ultrasound”, with the Boolean 
operators AND “Medical education”, “Undergradu-
ate”, “School”, “clerkship” AND “Curriculum” [2]. 
Two authors (LJ and JGV) independently manu-
ally reviewed titles and abstracts resulting in a list 
of specific articles that met the criteria of describing 
an UGME ultrasound curriculum program devel-
opment. Search methods conform to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for scoping reviews 
[3]. These were reviewed for full text to describe 
key features of each ultrasound curricula (LJ, JGV, 
AS). Since the emphasis of this review was to assess 
school of medicine supported curricula, articles 
were only included if they described the integrated 
ultrasound curriculum in relevance to UGME struc-
ture. Articles that restricted curriculum information 
to one specialty only were not included. This data 
was supplemented by open internet search through 
Google search engine for other curricula using the 
search words: “Ultrasonography”, Ultrasound”, with 
the Boolean operators AND “Medical education”, 

“Undergraduate”, “School”, “clerkship” AND “Cur-
riculum”. The results found were manually reviewed 
by authors (JGV and LJ) to look for publications that 
described full curricula. The first 10 pages of the 
Google results were manually reviewed to look for 
other published curricula. One of the authors (JGV) 
used survey-based questions via personal commu-
nication to complete the requisite information on 
unpublished ultrasound curricula to provide a com-
prehensive review of available programs (Table  1 
and Appendix 1: Table  6). Questions were designed 
to address common components and themes in the 
curricula that were frequently discussed in published 
ultrasound curricula identified through literature 
review.

2.  A narrative review of conceptualization, design, 
implementation and integration of ultrasound cur-
riculum at WFSOM is presented emphasizing chal-
lenges and innovation. We describe the evolution 
of this curriculum based on framework provided by 
Kern [4].

Results
Scoping review of ultrasound curricula in the US
A scoping literature review of published ultrasound cur-
ricula was done to assess incorporation of ultrasound 
education in undergraduate medical education programs. 
This search yielded a total of 9,753 results. The review of 
titles and abstracts narrowed the results and full texts 
were reviewed by two independent authors (LJ and JGV). 
Design, implementation, and assessment of ultrasound 
education were described at 18 different institutions. Six 
additional records were included subsequently, four of 
these were personal references of senior authors and two 
were secondary references found on full text review of 
initial search (Fig. 1). A review of common data elements 
for these programs in presented in Table 2.

Table 1 Chronology of ultrasound curriculum development at wake forest school of medicine

2016 2017 2018 2019

Introduction to Ultrasound
Cardiac Anatomy
Abdomen and Pelvis Anatomy
Neck Anatomy
Neurovascular Ultrasound
Cardiac Function 1 and 2
Hepato‑Biliary Ultrasound
Renal System Ultrasound

Musculoskeletal Ultrasound
Endocrine Ultrasound
Ultrasound Guided Vascular Access
Ultrasound for Pregnancy
Point‑of‑Care Ultrasound elective

Lung Ultrasound
Point‑of‑Care Echocardiography
Dedicated teaching sonographer added to 

curriculum

Ultrasound certificate program
Ultrasound simulator
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Duration/curricular structure
Most schools incorporated ultrasound into 1–2 years 
of UGME but few describe a vertical four-year medical 
school ultrasound curriculum [1, 5, 8, 9, 12–14]. A major-
ity of undergraduate medical school programs incorpo-
rated ultrasound instruction in the pre-clinical years by 
offering it concurrently with gross anatomy, physical 
examination, or clinical skills courses or integrating it 
into similar existing courses in the form of modules. The 
spectrum of curricular structure was broad at each insti-
tution ranging from vertical, organ-systems based, and 
staged curricula. Consistent training and practice dur-
ing the clinical years was uncommon. When schools did 
offer electives or “selectives” in ultrasound, ultrasound 
education was targeted to a specific specialty that has 
significant clinical integration of ultrasound (e.g., radiol-
ogy, obstetrics, emergency ultrasound, etc.) and available 
to all third- or fourth- year students interested in that 
specialty.

Mode of integration
The mode of integration at institutions varied from: 
concurrently with anatomy, basic science lectures, and 

clinical courses; expanded medical program of study; 
problem-based learning; clinical skills; incorporated 
into second year practical sessions; integrated into new 
clinical ultrasound elective, principles of clinical courses, 
clinical rotations, and specialty electives; and even ran 
parallel to clerkships.

Instructional formats
The format of information delivery across the various 
programs varied greatly: hands-on sessions, open-access 
podcast lectures, didactics, web-based learning modules, 
video assignments, workshops, scanning demonstrations, 
large and small group sessions, clinical learning through 
cases, field hospital visit, and independent scanning. 
A universal characteristic of almost all these programs 
was delivery of instructional material in a multimodal 
format, usually as a combination of the methods listed 
above. Other shared components included the use of 
the “flipped classroom” instructional method and for-
mal introductory modules for ultrasound imaging and 
application.

Fig. 1  PRISMA diagram showing scoping review employed by authors
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where topics follow each other through the calendar year 
(Fig. 2). The MD UGME program includes non-block for-
mat “threads” which are taught, to 150 students per year, 
in tandem with other curricular elements throughout 
all 4 years. Examples at our institution include pharma-
cology, bioethics, population health, physical exam and 
diagnosis (Tables  3 and  4). Threads are taught in par-
allel to the underlying block schedule to emphasize the 
thread content most relevant to the current pathophysi-
ology block. We describe the evolution of this curriculum 
based on the 6-step framework provided by Kern for cur-
ricular development in medical education [4].

a. Problem identification and general needs assessment: 
An institutional needs analysis demonstrated fading 
command of anatomy and physiology concepts after 
the pre-clinical years that was not being addressed 
with current curricular structure. In exploring solu-
tions, the Departments of Emergency Medicine and 
Neurology were found to have existing educational 
models integrating ultrasound as a visual and interac-
tive tool to reinforce clinical concepts with access to 
ultrasound machines and ultrasound-trained faculty.

b. Targeted needs assessment: After prioritizing the 
need to develop an integrated ultrasound curriculum, 
an approach of problem-centered curriculum design 
was chosen and a team of faculty with content exper-
tise was created. Town hall and in-person meetings 
with UGME course directors and clinical leaders 
were held to identify the content that would gain the 
most from hands-on ultrasound experiences to target 
synergy between ultrasound laboratory exercises and 
the objectives of the general medical student curricu-
lum.

c. Goals and objectives: Frequency and duration of 
these ultrasound didactic modules and labs was 
designed to focus on the use of ultrasound as a 
“clinical tool” to teach pre-clinical students anatomy 
in Year 1 and physiology in Year 2 with minimum 
course scheduling changes in existing structure.

d. Educational strategies and evaluation/feedback: 
Above efforts led to integration of hands-on ultra-
sound as one of these longitudinal threads in UGME 
in 2014 to provide an enhanced learning experience 
for medical students. For each component of the 
curriculum, the pedagogy that seemed most prom-
ising to address the problem of fading basic science 
concepts among students and application in clinical 
years and is described below specific to each year.

 i. Year 1 and 2 preclinical curriculum: The cur-
riculum was conceptualized in a “flipped class-
room” model to include didactic instruction 

Instructors
Programs described varied instructors recruited to teach: 
faculty, sonographers, specialty-specific residents, and 
visiting POCUS instructors or specialists. A few ultra-
sound programs utilized peer educators as the primary 
instructors for hands-on ultrasound imaging sessions, 
the rest depended on ultrasound-trained faculty or 
house-staff with some programs using trained sonogra-
phers [8, 15–17]. A few programs included instructor-
training sessions to standardize teaching. The student to 
instructor ratio ranged from 1:2 to 1:30.

Evaluation of program
General consensus supports that ultrasound instruc-
tion at the UGME level can facilitate efficient patient 
care and provide a basis for advanced ultrasound train-
ing in graduate and continuing medical education [10]. 
Only a handful of schools reported the impact of ultra-
sound education UGME in measurable formats like 
enhanced performance on standardized tests, enhanced 
physical exam skills by providing real time visual feed-
back on examination finding, improving the diagnos-
tic accuracy of pathological exam findings, enhancing 
critical thinking skills by providing real time informa-
tion corroborating or refuting differential diagnosis [5, 
18–21]. One school conducted a retrospective analysis 
of the Comprehensive Osteopathic Medical Licens-
ing Examination of the United States (COMLEX-USA) 
level 1 scores in anatomy, diagnostic technology, and 
osteopathic principals and practice. Scores markedly 
increased across all three areas from twenty or more 
below the national mean to up to twenty-eight points 
above the national mean over three years attributable 
to ultrasound integration.

Integrated ultrasound curriculum development 
at wake forest school of medicine
Curricular structure prior to implementation of ultrasound 
curriculum
Like most Liaison Committee on Medical Education 
(LCME) accredited programs, Wake Forest institutional 
curriculum for UGME Doctor of Medicine (MD) stu-
dents consists of 18 months of pre-clinical courses in 
human anatomy, histology, bioethics, population health, 
and systems-based pathophysiology in a variety of 
instructional formats including lectures, laboratory expe-
riences, small group exercises, case-based learning, and 
asynchronous education. Students transition to clinical 
rotations in February of their second academic year and 
begin senior acting internship and elective experiences 
in March of their third academic year. Major compo-
nents of the curriculum are delivered in a block format 
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through online modules followed by laboratory 
component with hands-on ultrasound train-
ing labs with greater emphasis on experiential 
learning (Tables 3 and 4) [6]. Online modules 
were recorded with easily available software 
(QuickTime, Apple, Inc., 1991) as 20–60  min 
online screencast lectures posted on the 
medical school learning management system 
(Canvas, Instructure, 2011). Didactic content 
emphasizes recognition of normal anatomic 
relationships between organs and tissues using 
ultrasound cine loops with information on 
ultrasound scanning technique, image inter-
pretations and clinical applications. Student 
assessment is performed via formative pre-
tests and summative post-testing questions. 
Ultrasound hands-on lab sessions occur over 
4-h blocks. The 1-h session is repeated hourly 
for a quarter of the class (30–40 students) per 
session. Students are divided into groups of 
4–5 students per machine and facilitated by 
one to four faculty members per session. Lab 
sessions move methodically through a series 
of imaging objectives focusing on scanning 
techniques and anatomy identification. The 
remaining students not participating in ultra-
sound lab are often in other parallel class activ-
ities such as anatomy dissection or small group 
sessions.

 Student assessment is performed via formative pre-tests 
and summative post-testing questions that 
are course specific quizzes. We also incorpo-
rated ultrasound related content on core cur-
ricular exams. Lab participation is mandatory 
and forms a component of the course grade. 
For each module, students complete a forma-
tive pre-test quiz assessing their general ultra-
sound knowledge and content specific ana-
tomic knowledge before reviewing the online 
lecture that is followed by another summative 
quiz testing their grasp on image interpretation 
in relation to anatomy, physiology and clinical 
concepts.

 ii. Year 3 clinical curriculum: Increasing popu-
larity and positive feedback from medical stu-
dents participating in the curriculum resulted 
in extending the ultrasound component to 
the UGME clinical clerkship year in 2016. The 
didactic and lab sessions follow the similar 
flipped classroom model with content focused 

on clinical concepts corresponding to the clini-
cal clerkship. After an online review of lectures 
reorienting students to relevant ultrasound 
anatomy and physiology, one-hour sessions 
are organized by physicians during the clini-
cal clerkships under the guidance of the ultra-
sound curriculum leadership (Table  4). The 
sessions are designed to focus on structured 
bedside exams commonly used by providers 
in the patient care environment. In rotations 
like obstetrics, ultrasound was focused on 
pregnancy and fetal pig phantoms were used 
to highlight clinical concepts [7]. Following 
formal didactic and laboratory sessions, stu-
dents are encouraged to participate in bedside 
ultrasound exams as opportunities arise during 
their clinical clerkship.

 iii. Year 4 clinical curriculum: The final year of 
ultrasound curriculum for year 4 was added in 
2017 as a POCUS elective unique to a handful 
of programs [8]. This multidisciplinary elective 
was initially offered to 1 student per block and 
now accommodates 2 students every block and 
taught 22 students in its third year. The focus 
of this 4-week elective is hands-on experience 
designed to improve bedside image acquisi-
tion and skills in point-of-care examinations. 
Student rotate in emergency and critical care 
settings in the first two weeks and subspecialty 
experiences in the final two weeks to increase 
the awareness of clinical applications of ultra-
sound in diagnostic and point-of-care use 
across various subspecialties. Elective rotation 
settings include: Emergency Medicine, Neu-
rology, Medical-Critical Care, Neurocritical 
Care, Cardiology, Obstetrics and Gynecology 
(OB/GYN), Trauma Surgery, Vascular Sur-
gery, Pediatric Cardiology, Internal Medicine, 
Community Medicine, and Sports Medicine. 
Students maintain a digital portfolio of at least 
25 scans during this rotation [9]. The POCUS 
elective is a very distinctive and popular com-
ponent of Wake Forest’s UGME curriculum 
due to its multidisciplinary format packaged 
within one block translating bedside imaging 
into clinical concepts across a wide range of 
specialties. Assessment for the 4th year elec-
tive occurs through direct observation of scan-
ning and clinical application concepts, review 
of case logs, online quizzes, a mandatory stu-
dent led presentation or review of ultrasound-
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related research article on an ultrasound topic 
of their choice.

Implementation
A private philanthropic grant awarded by The Fuller-
ton Foundation in 2014 totaling $300,000 was secured 
to fund this new model for 3 years. The grant was ear-
marked for faculty effort to design curriculum; collabo-
ration effort from University of South Carolina faculty 
as we developed curriculum; program staff support; 
travel to conferences; and capital equipment including 
4 machines and consumable supplies. Matching insti-
tutional funds provided seed money for faculty release 
time to develop education modules and deliver hands-on 
sessions for medical students. Because the University of 
South Carolina School of Medicine–Greenville (USC-G) 
was one of the first institutions with an integrated cur-
riculum, we sought out a collaboration with faculty at 
USC-G to ensure a streamlined launch of our UGME 
curriculum [1, 3]. Loaned equipment from the Center 
for Medical Ultrasound and Department of Emergency 
Medicine supplemented the machines purchased from 
seed grant. Program infrastructure detail are described in  
Table 5.

In all lab sessions through pre-clinical and clinical 
year, students volunteer as ultrasound models for each 
other and perform ultrasound imaging of relevant ana-
tomic structures for each module over their assigned 
lab. Participation as an ultrasound model is voluntary 
with a high rate of participation and yearly electronic 

acknowledgment of the Student Model Policy and Policy 
for Management of Incidental Findings (Fig. 3). Students 
with incidental findings are referred to our student health 
system with initial direct communication between the 
ultrasound course director, the student, and the direc-
tor of student health. To date, an annual average of 5 of 
360 students over 31 hours of labs scanning have been 
referred for additional evaluation of incidental findings. 
Laboratory sessions associated with an increased risk of 
referral include Neck and Endocrine Laboratory sessions 
(2 students with thyroid nodules or mass) and Abdomen/
Renal sessions (2 students with unilateral renal agenesis, 
one student with splenic lesion).

Discussion
The last 10 years have seen UGME instruction in hands-
on ultrasound skills go from niche to mainstream. Insti-
tutions opt to integrate ultrasound education into their 
medical school curriculum primarily because ultrasonog-
raphy offers the potential to be an efficient educational 
tool that enhances traditional learning of anatomy, medi-
cal physiology, and clinical skills [5, 8, 14, 16]. Published 
programs have demonstrated the feasibility of integrating 
a POCUS curriculum into UGME and emerging data sug-
gests that students perceive value in this effort. Focused 
ultrasonography can be used as a useful aid in teaching 
anatomy to medical students, learning physical exam 
skills; and has been received quite positively by medical 
students at several institutions [8, 21]. A national survey 
of 82 medical schools, where 51 report some ultrasound 
integration into UGME, found that > 90% of students pre-
ferred ultrasound incorporated into their program, > 80% 

Fig. 2 The Wake Ready! Curriculum is divided into three phases to better prepare medical students for the next step in their training. Phases are 
divided into requisite focuses as Foundations, Clinical Immersion and Career Exploration
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Table 3  First and second year medical student ultrasound curriculum as part of a longitudinal program at wake forest

MS 1 Ultrasound curriculum

Course learning objective Method of assessment (if 
applicable):

Institutional objective domain Institutional 
objective 
subdomains

Entrustable 
professional 
activities (EPA)

1. Anatomy I—Intro to Ultrasound: 
Describe the basic scientific princi‑
ples of diagnostic ultrasound

Describe the basic principles of ultra‑
sound image acquisition

Identify the median nerve, tendons 
of the forearm muscles, and the 
carpal tunnel

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1.Knowledge for Practice
2. Interpersonal and Communica‑

tion Skills
3. Patient Care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

2. Anatomy II—The Heart:
Identify the major chambers of the 

heart
Identify the aortic, tricuspid, and 

mitral valves
Correlate the heart sounds with 

valve motions

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam–Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for Practice
2. Interpersonal and Communica‑

tion Skills
3. Patient Care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

3. Anatomy III – The Abdomen and 
Pelvis:

Obtain images of and identify the 
liver, spleen and kidneys in two 
anatomic planes (1.0, 1.1)

Identify the major potential spaces 
in the abdomen (1.0. 1.1)

Image and identify the uterus, pros‑
tate, bladder (1.0, 1.1)

Identify the pelvic potential space 
(1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for Practice
2. Interpersonal and Communica‑

tion Skills
3. Patient Care
4.Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

4. Anatomy IV – The Neck:
Identify the trachea, thyroid gland, 

common carotid artery, and inter‑
nal jugular vein

Describe the characteristics of 
simple cysts

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam–Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for Practice
2. Interpersonal and Communica‑

tion Skills
3. Patient Care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

5. Anatomy V – Musculoskeletal/
Shoulder:

Identify the biceps tendon
Describe the sonographic appear‑

ance of muscle, tendon, and bone
Identify the major components of 

the rotator cuff

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam–Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

6. Neuroscience–Carotid: Perform 
color Doppler imaging of common 
carotid flow. (1.0, 1.1)

Brain: Image the MCA with transcra‑
nial Doppler techniques. (1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

7. Gastroenterology—Biliary 
Anatomy:

Assess liver span and correlate with 
palpation of the liver edge (1.0, 1.1)

Identify the portal vein and vena 
cava (1.0, 1.1)

Measure the size of the gallbladder 
(1.0, 1.1)

Identify the common bile duct (1.0, 
1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam–Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12
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felt that ultrasound sessions enhanced training in both 
pre-clinical and clinical courses, and 60–90% students 
reported increased confidence in physical exam skills 
after visualizing anatomy by ultrasound [1, 5, 11, 14, 21]. 
In 2014, fewer than 60% of medical schools reported 
some level of ultrasound training in UGME; and almost 
80% agreed that it should be included in UGME but 
fewer than 20% prioritized it [22]. The American Institute 
of Ultrasound in Medicine hosts a self-reported list of all 
medical schools with UGME ultrasound curricula and 

reports 66 of 222 LCME accredited schools have some 
level of structured ultrasound instruction. Only 25 list a 
4-year ultrasound curriculum [1, 5, 8, 12, 23, 24]. Though 
national consensus curricula have been published by sev-
eral organizations, lack of guidelines or LCME inclusion 
of ultrasound similar to the Accreditation Council for 
Graduate Medical Education (ACGME) endorsement for 
emergency medicine residency is a barrier towards wide-
spread POCUS UGME programs [25–27].

 MS1  first year medical student, EPA entrustable professional activities, MCA  middle cerebral artery, LV  left ventricular

Table 3 (continued)

MS 1 Ultrasound curriculum

Course learning objective Method of assessment (if 
applicable):

Institutional objective domain Institutional 
objective 
subdomains

Entrustable 
professional 
activities (EPA)

8. Pulmonology – Lung:
Assess lung slide (1.0, 1.1)
Assess diaphragm – excursion (1.0, 

1.1)
Identify diaphragm in ultrasound 

image (1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam–Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for Practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

9. Cardiopulmonary – The Heart I
Identify and Assess mitral valve 

motion (1.0, 1.1)
Identify diastole and systole on 

echocardiographic images (1.0, 
1.1)

Associate heart sounds with cardiac 
motion (1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

10. Cardiopulmonary – Cardiac 
Functional Assessment:

Measure the E‑point septal separa‑
tion (1.0, 1.1)

Measure the ejection fraction in the 
LV 2 chamber view and the Apical 
4 chamber view (1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

11. Renal – The urinary tract:
Identify the right and left kidneys 

(1.0, 1.1)
Measure the size of a kidney (1.0, 1.1)
Measure the volume of the bladder 

(1.0, 1.1)
Identify ureteral jets in the bladder 

(1.0, 1.1)

AM09: Multisource Assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA 10
EPA 12

12. Endo—Thyroid:
Identify the thyroid gland (1.0, 1.1)
Identify the trachea (1.0, 1.1)
Measure the volume of the thyroid 

gland (1.0, 1.1)

AM09: multisource assessment
AM12: Participation
AM17: Self‑Assessment
AM19: Exam – Institutionally Devel‑

oped, Laboratory, Practical

1. Knowledge for Practice
2. Interpersonal and communica‑

tion skills
3. Patient care
4. Professionalism

1.0
1.1
2.0
2.4
3.0
3.4
4.0

EPA 1
EPA 3
EPA10
EPA 13
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The primary challenge for institutions initiating such 
a curriculum is funding the required equipment and 
the dedicated faculty instructor time. Prior published 
ultrasound curricula relied on industry funding at 
startup, which is not a consistent or reliable resource 
[1, 5]. Integration of ultrasound into UGME also 
requires trained faculty well-versed in indications, lim-
itations, benefits, and risks of POCUS; protecting their 
effort to dedicate to ultrasound education is a challenge 
[2]. We were fortunate to receive a private grant to fund 
the initial infrastructure set up that made matching 

institutional funds available to expand and continue 
the curriculum in its current form. We attempted to 
address faculty costs by adding a dedicated sonogra-
pher and peer-to-peer education by senior medical stu-
dents. Additional challenges for institutions initiating 
such a curriculum is administrative buy-in and find-
ing time to implement this curriculum into an already 
stacked curriculum.

Over the past few years, the ultrasound curriculum 
at WFSOM has experienced tremendous growth. Our 
curriculum has expanded from 8 modules in 2014 to 

Table 4  Third year medical student ultrasound curriculum as part of a longitudinal program at wake forest

FAST  focused assessment with sonography for trauma, 2D two-dimensional, IV intravenous

Exam Rotation Learning Objectives

Bedside echo Internal medicine 1. Describe indications for a bedside echocardiogram
2. Describe ultrasound findings related to intravascular volume status
3. Describe the sonographic characteristics of tamponade on 2D imaging
4. Describe ultrasound findings related to systolic dysfunction
5. Demonstrate the standard echocardiographic views for the exam

Focused assessment with sonogra‑
phy in trauma

Surgery 1. Describe indications for a FAST exam
2. Describe implications for downstream patient care based on exam findings
3. Describe the appearance of abdominal free fluid in each sonographic 

window
4. Describe the sonographic characteristics of tamponade on 2D imaging
5. Demonstrate the standard ultrasound views for the exam

Ultrasound in pregnancy Obstetrics and gynecology 1. Describe the indications for obstetric ultrasound
2. Optimize quality of fetal images
3. Determine fetal lie and presentation
4. Identify the fetal heads, spine, extremities, abdomen, and thorax
5. Visualize anatomic structures in more than one orthogonal plane

Ultrasound guided procedures Emergency medicine 1. Describe the differences between in plane and out of plane needle guid‑
ance

2. Describe general principles of ultrasound guided procedures
3. Describe the procedural steps for an ultrasound guided IV catheter place‑

ment
4. Perform in plane and out of plane needle guidance on an ultrasound 

phantom

Table 5  Infrastructural details of program development at wake forest school of medicine

LCD liquid–crystal display

Machines Initial grant funding 4 cart‑based machines, each with a phased array, curvilinear and linear probe
One owned by the institution machine on permanent loan from the manufacturer
The success of the curriculum allowed additional machine purchases possible, to a total of 9 cart‑based machines, each 

with a 3‑probe setup

Physical space requirements A room large enough for 1 to 3 instructors to supervise 5–6 groups of students
Stretchers or exam tables are needed so that students or standardized models can lie recumbent for exams
The lab sessions initially were held in an available large meeting room in the medical school building. In 2017 we moved 

to a new building and held ultrasound laboratory sessions in a large multipurpose room

Audiovisual We have found it is also very helpful to have large secondary displays for group members to observe that can be reposi‑
tioned so that student models can also see the image

At curriculum launch, we purchased gurneys for use during ultrasound lab sessions and two large LCD displays on port‑
able mounts

2017 converted to with 5 mounted displays as well as our exiting mobile displays

Personnel requirements Faculty/sonographer hours per session 4–16 h (yearly estimate)
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This assignment confirms that you are aware of the course policies and procedures - please select 
Yes or No for the following questions.

Question 1
I understand that my classmates and I will be serving as our own ultrasound models for this 
course.
Group of answer choices

Yes

No

Question 2
I understand that I do not need to serve as an ultrasound model. If I do not wish to serve as an 
ultrasound model I can inform the course director or any Medical Education staff at any time.
Group of answer choices

Yes

No

Question 3
Interactions in the Ultrasound lab will serve as a model of appropriate professional interactions. 
It is important to maintain a superior educational environment. I understand that degrading 
language, sexist comments, and other inappropriate behavior are absolutely unacceptable.
Group of answer choices

Yes

No

Question 4
Please review the following on Abnormal Findings:

POLICY ON ABNORMAL OR CONCERNING FINDINGS WHEN SCANNING 
STUDENTS

It is standard practice for students to serve ultrasound models for their classmates when 
performing large group ultrasound instruction. It is certain that at some point an abnormal 
ultrasound finding will be identified that may need further medical investigation. The potential 
for abnormal findings is not unique to ultrasound instruction and occurs whenever students 

Fig. 3 Wake Forest School of Medicine Student Model Policy and Policy for Management of Incidental Findings 
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16 modules in 2020 with an additional ultrasound 
elective equaling 100 contact hours (Table  1). An 
active ultrasound interest group initiated by students 
collaborates with our faculty to develop extracur-
ricular lab sessions on topics of interest that some-
times address ongoing innovation in subspecialty 
ultrasound clinical application or technology [11]. 
An ultrasound certificate program was introduced in 
2019 to encourage clinical and research activities in 
ultrasound. Students choose a precepted ultrasound 
related activity ranging from a research project with 
a faculty mentor to a defined number of sessions serv-
ing as facilitators for pre-clinical medical students. 
Ultrasound interest group activities also contribute to 
certificate requirements.

The ultrasound curriculum at WFSOM shares 
prominent themes and characteristics with other 
ultrasound curricula across different institutions yet 
offers its own unique opportunities. Our curriculum 
is integrated across all four years of UGME, is struc-
tured to complement organ system-based blocks, and 
is formatted to present information in a multimodal 
fashion through a combination of lectures and hands-
on lab sessions. Despite emphasis on anatomy, physi-
ology and clinical concepts, the degree of exposures 
lends itself to significant knowledge in ultrasound 
image acquisition and interpretation. At WFSOM, 
administrative buy-in was relatively simple. There was 
an identified priority to provide our medical students 

with additional learning experiences in the areas of 
anatomy and physiology as well as important clinical 
experiences to reinforce learning. We fashioned dedi-
cated time for ultrasound by leveraging co-existing 
content on the UGME academic calendar. Formatting 
lectures as online on-demand with a “flipped class-
room” model also helped to keep the footprint within 
the school day as small as possible. One of our more 
distinctive features, the curriculum offers opportuni-
ties for specialty-specific ultrasound training during 
certain clerkship rotations integrated into teaching 
bedside examinations, the POCUS elective offered to 
fourth-year students, and the option to participate in 
the ultrasound certificate program.

Conclusion
Ultrasound integration can be a useful assistive educa-
tional method in undergraduate medical education but 
limited by resource intensive set up and high variability 
of program integration into UGME curricula. Common 
standards, milestones, and standardized competency-
based assessments would be helpful in more application 
that is widespread.

Appendix
See Table 6.

Table 6 Ultrasound Curricula in Medical Education Survey

See [35]

1. Is your institution’s ultrasound curriculum published?

 Yes

 No

2. If possible, please provide full‑text reference

3.  Ultrasound education at your institution is integrated into:

 a. 1 year of the medical school curriculum

 b. 2 years of the medical school curriculum

 c. 3 years of the medical school curriculum

 d. All 4 years of the medical school curriculum

4. What is the format of information delivery (i.e., lectures, hands‑on sessions, etc.)?

5. Instructors are primarily (Check all that apply):

 a. Faculty

 b. Peer educators–senior medical students

 c. Sonographer

 d. All the above

 e. Other (please specify)

6. .What is the student‑to‑instructor ratio for hands‑on sessions?

7. Please let us know if there’s anything that’s unique to your program that you think others may not offer

8. Please enter your name and associated email address to help us link responses to institutions
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