Ultrasound (US) is prevalent and clinically

useful, however the majority of American
medical schools lack a formal curriculum.
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Objectives—Despite the rise of ultrasound in medical education (USMED), multiple
barriers impede the implementation of such curricula in medical schools. No studies to
date have surveyed individuals who are successfully championing USMED programs.
This study aimed to investigate the experiences with ultrasound integration as perceived
by active USMED directors across the United States.

Methods—In 2014, all allopathic and osteopathic medical schools in the United States
were contacted regarding their status with ultrasound education. For schools with
required point-of-care ultrasound curricula, we identified the USMED directors in
charge of the ultrasound programs and sent them a 27-question survey. The survey
included background information about the directors, ultrasound program details, the
barriers directors faced toward implementation, and the directors’ attitudes toward
ultrasound education.

Results—One-hundred seventy-three medical schools were contacted, and 48 (27.7%)
reported having a formal USMED curriculum. Thirty-six USMED directors responded
to the survey. The average number of years of USMED curriculum integration was 2.8
years (SD, 2.9). Mandatory ultrasound curricula had most commeonly been imple-
mented into years 1 and 2 of medical school (71.4% and 62.9%, respectively). The most
common barriers faced by these directors when implementing their ultrasound programs
were the lack of funding for faculty/equipment (52.9%) and lack of time in current
medical curricula (50.0%).

Conclusions—Financial commitments and the full schedules of medical schools are the
current prevailing roadblocks to implementation of ultrasound education. Experiences
drawn from current USMED directors in this study may be used to help programs start-
ing their own curricula.

Key Words—barriers; medical education; national survey; ultrasound; ultrasound
education

he value of point-of-care ultrasound in modern medicine is

| becoming evident.' Ultrasound allows physicians to quickly
assess patients’ anatomic and physiologic characteristics at

the bedside.2? Ultrasound is also becoming the standard of care for
safely and accurately performing invasive procedures as well as eval-
uating unstable patients.* 7 Recently, point-of-care ultrasound has
been shown to have diagnostic equivalence to computed tomogra-

phy in diseases such as nephrolithiasis.® As ultrasound technology
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LOCAL PROBLEM: The regional medical
school lacked a basic US curriculum, which
impacted medical students when rotating
through the study’s tertiary care center.

GOAL: Implement a novel
basic US curriculum based
upon the following 2014
guidelines:

Baltarowich, Oksana H., et al. "National
ultrasound curriculum for medical students."

Ultrasound quarterly 30.1 (2014): 13-19.

ToricS IN ULTRASOUND EDUCATION
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Abstract: Ultrasound (US) is an extremely useful diagnostic imaging
modality because of its real-time capability, noninvasiveness, porta-
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bility, and relatively low cost. Tt carries none of the potential risks of
ionizing radiation exposure or intravenous contrast administration.
For these reasons, numerous medical specialties now rely on US not
only for diagnosis and guidance for procedures, but also as an ex-
tension of the physical examination. In addition, many medical
school educators recognize the usefulness of this technique as an aid
to teaching anatomy, physiology, pathology, and physical diagnosis.
Radiologists are especially interested in teaching medical students the
appropriate use of US in clinical practice. Educators who recognize
the power of this tool have sought to incorporate it into the medical
school curriculum. The basic question that educators should ask
themselves is: “What should a student graduating from medical
school know about US?” To aid them in answering this question, US
specialists from the Society of Radiologists in Ultrasound and the
Alliance of Medical School Educators in Radiology have collabo-
rated in the design of a US curriculum for medical students. The
implementation of such a curriculum will vary from institution to
institution, depending on the resources of the medical school and
space in the overall curriculum. Two different examples of how US
can be incorporated vertically or herizontally into a curriculum are
described, along with an explanation as to how this curriculum
satisfies the Accreditation Council for Graduate Medical Education
competencies, modified for the education of our future physicians.
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Itrasound (US) has long been recognized as an extremely
useful diagnostic imaging modality because of its real-
time capability, noninvasiveness, portability, and relatively low
cost. In addition, imaging with US does not carry the risks
associated with the administration of intravenous contrast ma-
terial or the potential hazards of ionizing radiation. Hence,
many medical and surgical subspecialties are increasingly em-
bracing the use of US, finding it to be an adjunct to or exten-
sion of the physical examination. Some have referred to it as
the “sonoscope.”’ Others have described US as “the visual
stethoscope of the 21st century.”® The use of US beyond its
traditional role within the department of radiology has been
termed “point of care” US. Furthermore, some medical schools,
taking advantage of recent technical advances in portable US
technology, have begun to incorporate education in US within

the medical school curriculum.® 7

While welcoming the increasing general awareness of
the utility of US, both the Society of Radiologists in Ultra-
sound and the Alliance of Medical School Educators in Ra-
diology (AMSER) believe that radiologists should play an
important role in the creation of a US curriculum. As imaging
experts, radiologists are best able to instruct medical students
how to utilize the diagnostic capability of US most effectively
and in addition are best able to direct the clinician to other
more appropriate imaging tests when US is not likely to be
clinically useful (ACR Appropriateness Criteria®).® Accord-
ingly, this document highlights what aspects of US should be
taught to medical students, as well as when and how US can be
most effectively introduced into medical school preclinical
and clinical curricula.

The broad goals of this curriculum are 2-fold:

(1) Preclinical: utilization of US to enhance student under-
standing of anatomy, physiology, and pathology.

(2) Clinical: teach students how to use US effectively as a
problem-solving tool in the diagnosis of disease. As a cor-
ollary, students also need to learn the limitations of US and
when other imaging modalities may be more appropriate.

Achieving these goals can be greatly facilitated through
direct “hands-on™ experience. Through an appreciation of
how US is performed, students will learn its strengths and
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SETTING: Tripler Army Medical Center,
Honolulu, HI, a tertiary military hospital, serving

260,000 soldiers, family members and retirees.
POPULATION: 83 MS3 medical students from

the Hawai1 state medical school on Oahu, as
taught over two iterations 1n 2020 and 2021.

PLAN:

1. Create a quality improvement (QI) project of
teaching a basic US curriculum, as created and

taught by residents.
2. Utilize pre and post-tests to assess learning.

Efficacy of Implementing a Combined Online and Hands-on
Basic Ultrasound Curriculum for 3rd Year Medical Students

Wulfestieg D.O., Tim', Rooks M.D., Veronica?, Kao M.D., Steve®, Lustik M.S., Michael*
123Tripler Army Medical Center Dept. of Radiology, !Chief Resident, *Chief of Ultrasonography, *Program Director, *Statistician, Dept of Clinical Investigation

Presented by: Tim Wulfestieg, DO |CPT, MC, USA|

CURRICULAR SEQUENCE
1) Pre-test

1. Choose the correct statement:
a. Superficial tissues are better seen using ultrasound than CT.
b. CT is better at imaging superficial tissues than ultrasound.
¢. Large body habitus improves sound transmission.
d. Ultrasound allows imaging of large areas of the body at once.

2. Choose the statement that best describes how the density of a material affects sound
transmission:
a. Sound travels faster in less dense materials.
b. Sound produced in a less dense material travels further than sound produced in a
dense material.
c. Sound maintains a straight path as it traverses different mediums.
d. Sound produces echoes after traversing mediums of differing densities.

3. Medical sonography uses sound frequencies in what range?
a. 100,000 — 1,000,000 Hz
b. 1,000,000 — 20,000,000 Hz
c. 10,000 —-200,000 Hz
d. 10,000,000 — 100,000,000 Hz.

4. How does an ultrasound probe generate sound?
a. A vibrating membrane.
b. Projecting an electronic impulse.
¢. A vibrating crystal.
d. Rapidly striking a surface.

5. Choose the correct statement:
a. Linear probes image deep structures well.
b. Linear probes cause peripheral image distortion.
¢. Linear probes image superficial structures well.
d. Linear probes offer a balance of good imaging for superficial and deep structures.

6. Choose the correct statement:
a. Phased arrays use higher frequencies.
b. Phased arrays use lower frequencies.
c. Linear probes use lower frequencies.
d. Curvilinear uses the highest frequencies.

7. While scanning a supine patient, which of the following is a correct probe marker
orientation?
a. Towards patient left.
b. Oriented posteriorly.
c. Towards the patient’s feet.
d. Towards patient right.

8. Name the general and most widely utilized imaging “mode” of ultrasound:

a. A-mode
b. B-mode
¢. M-mode

d. Color doppler

9. Which is the most sensifive ultrasound setting to measure vascular flow?
a. Power doppler

b. A-mode
¢. Color doppler
d. M-mode

10. Which of the following is the only safe way to measure fetal heart rate in the first
trimester?

a. M-mode
b. Color
c. Spectral
d. Power

11. What technique do yon use to maximize the depth the ultrasound probe can image?
a. Image adjacent bone to focus the ultrasound beam.
b. Use a higher frequency probe.
c. Image through gas filled loops of bowel.
d. Image through soft tissue windows.

12. Chose the correct name for the sonographic artifact associated with kidney stones:
a. Comet tail artifact
b. Twinkle artifact
¢. Halo artifact
d. Ring down artifact

2) Teleconference Didactic

3) Small group live demonstrations

4) Post-test

CURRICULUM

Part 1: Didactics of US

1. Pros & Cons of US

2. Physics of Ultrasound

3. US Probes

4. Image Optimization
5. Modes of US Imaging

6. US Safety
7. Terminology

8. Tissue Appearances

9. Helpful Artifacts

10. Confusing Artifacts

Physics of US

A change in density is called an interface:

There are (4) ways sound can change at interfaces:

Reflection fraction

“Transmission™
Heat

US Probes: How phased arrays work
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* Measure the wall thickness.
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Part 2: Hands-On
Practice

1. Carotid and Jugular
2. Thyroid
3. Heart
4, Abdominal Organs
5. Musculoskeletal
6. Lung

“Attenuation”

Physics of US

Density affects how sound travels.

Formation of echoes

Solid

1 Density T Transmission of sound

Nomenclature: All radielogy is described by the physics used to create the image.
Reflected en Echo”
1 Reflection es = Bright image = “Hyperechogenic”
| Reflections = | Echoes = Dark image = “Hypoechoic”

Carotid and Jugular Vessels

* Turn on doppler. Check the scale and figure which vessel flows to the probe.

* Turn on spectral, take not how each vessels flow differs.
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RESULTS:

- 83 students completed pre-tests.

- 61 students completed both pre and post-tests.

- Average score increased 41.3% to 82.5%.

- With a max score of 12, pre-test no student scored 10-12

points, however post-test 41 students (67%) scored this level.
- Pre-test questions with worse performance included which US

modality was most sensitive to vascular flow and which
sonographic frequences are utilized for medical imaging.
Limitations: The following limitations occured as a result of
offering this optional curriculum without imposing additional

burdens on student's existing schedules and required classwork:
- Same questions utilized for pre-test and post-test.
- Only 12 questions utilized, which limits robustness of results.

Data below represents the 61 pre and post matched cohort.

All results are statistically significant with p-values <0.03, except for the single entry marked with an asterix.

Pre and Post-Test Results
by Percentile Score -- Paired
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CONCLUSION:
This project demonstrates the efficacy of a basic

hands-on US curriculum as implemented by
residents in a mixed format of both online
lecture and small group hands-on sessions. The
methods and results are relevant in a recent
global environment where distance learning has
become more common.
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