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ARTICLE INFO ABSTRACT

Keywords: Background: Stress on medical education caused by COVID-19 has prompted medical schools to bar their students
Radiology from onsite education at hospitals and clinics, limiting their educational experiences. Radiology is uniquely
Virtual

positioned to be a virtual rotation during this health crisis and beyond.

Purpose: To implement virtual radiology clerkships and evaluate educational outcomes.

Methods: We developed virtual radiology clerkships using best practices from adult education theory; empha-
sizing self-directed and interactive learning through recommended reading materials, pre-recorded lectures,
video conferencing, web-based learning modules from the ACR, as well as multimodality radiology resources to
allow students flexibility in their individual approach to the subject matter.

Results: The mean performance on standardized exams for our cohorts was 75% (range 50-96%), matching the
national average of 75%. Surveys of medical students after the clerkship showed positive subjective feedback on
the content and structure of the course.

Conclusions: Understanding of medical imaging is vital for student doctors to have a better understanding of
applied anatomy, patient care strategies, appropriate use, and image interpretation. Radiology is uniquely
positioned to be taught in a virtual format, or in a combination of online and in-person activities. Standardized
examination performance for our institutional virtual radiology clerkships is comparable to performance on
traditional courses. Virtual clerkships designed with adult learners in mind can help student doctors prepare for
residency and future independent practice as they build knowledge and skills needed to provide high quality
patient care.

Medical education
Adult education

1. Introduction

As the world grapples with the COVID-19 pandemic, academic in-
stitutions at all education levels have moved classes online to protect the
health and wellness of their students and educators. Clinical training is
generally not well situated for a virtual format, as direct patient care
requires the trainee's physical presence. The unique technological and
image rich nature of diagnostic radiology allows for educators to quickly
adopt virtual clerkships. Although virtual radiology medical student
rotations have been carried out for several years before the coronavirus
outbreak, few publications examined educational outcomes in compar-
ison to traditional courses. Results from our institutional experience
with virtual radiology clerkships demonstrate their effectiveness as a
viable alternative to on site rotations.

2. Purpose

The purpose of our clerkship is to meet the academic needs of
medical students while providing a safe environment during the COVID
19 pandemic. To accomplish this goal, our institution designed and
implemented a 100% virtual radiology clerkship. By taking the best
practices from adult education theories, the clerkship emphasizes self-
directed and interactive learning through video conferencing and web-
based learning platforms.>

A further objective of the project was to improve our residents'
ability to teach. A virtual learning environment serves as the stepping
stone for a proactive learning experience not only for student physicians
but also for radiology trainees. Our small group sessions were led by
radiology residents who actively engaged medical students through
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cases, sharing important imaging findings and inputting feedback.
3. Methods

In response to students no longer being permitted to physically
attend hospital-based clerkships on site during the Spring of 2020, our
institution created a 100% remote learning course to replace the
observership model rotation we had previously offered. This 4-week
self-paced format, which was offered to students at the beginning of
their 3rd year, combined several strategies appropriate for adult learners
while promoting social/professional distancing and maintaining high
quality radiology education.

At the beginning of the clerkship, each student was given an intro-
ductory textbook and a range of radiology resources appropriate for
their level of training to allow an individualized approach to the subject
matter. Our radiology residency faculty provided a series of pre-
recorded lectures based on the Alliance of Medical Student Educators
in Radiology (AMSER) curriculum with selected supplemental recorded
lectures from Alexander Street Press and YouTube. Students also
completed a complimentary set of case-based modules offered through
Aquifer (subscription-based service) for a structured approach to im-
aging algorithms and relevant patient care management strategies.
Students were required to complete Radiology Technology-Enhanced
Appropriateness Criteria Home for Education Simulation (TEACHES)
modules from the ACR and recommended interactive modules from the
ACR eLearning Rotation that promotes evidence-based guidelines in
regards to patient management strategies, resource utilization and pa-
tient safety.’

To further enhance the educational experience for both the medical
students and radiology residents weekly live small group “hot seat style”
sessions on zoom were held. During these resident-led sessions, students
took turns interpreting high-yield patient cases with an Objective
Structured Clinical Examinations (OSCE) style approach to evaluate the
students' ability to provide a differential diagnosis and answer follow up
questions (Fig. 1). A 4-week schedule was provided (Fig. 2) including
“office hours” during which faculty members provided insight into the
field of radiology and to address more difficult concepts for the students.
Attendance at weekly resident-run morning conferences, weekly tumor
board meetings and daily noon conferences through Webex was
encouraged.
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During the final week of instruction, groups of students were tasked
with creating a “grand rounds” style final presentation based on a pa-
tient scenario and evidence-based practice guidelines for the use of
diagnostic imaging in similar cases. On completion of the course, stu-
dent performance was assessed with the AMSER core examination, now
relaunched as “ACR STARS”.

4. Results

The mean performance on the AMSER standardized exam for our
cohorts was 75% (range 50-96%), matching the national average of
75%, t(40) = —0.14868, p = .881859 using a two-tailed t-test. Clerkship
evaluations by the students showed positive subjective feedback on the
content and structure. Participants emphasized that virtual self-directed
learning allowed them to engage more fully in the material and use their
time more effectively.

Residents reported improvement in their knowledge, leadership
skills, search-patterns and ability to present findings in an eloquent
manner.

5. Discussion

Best practices in adult learning are founded on the principles of
andragogy. According to Cyril Houle and later expanded on by Malcom
Knowles; adults benefit from greater control over their own education.
By applying a greater emphasis on problem-centered and experiential
learning, the subject matter had more direct relevance to their lives.®

All graduating medical students benefit from basic skills in image
interpretation regardless of their chosen post graduate training path.
Radiology training is vital for student doctors to have a better under-
standing of disease processes, applied anatomy and physiology and
improving patient care strategies. Imaging interpretation skills are
important for evaluation and management of patients, surgical plan-
ning, radiology-pathology correlation and to establish more effective
discussions of medical imaging results with patients and their families.
Physicians in medical and surgical fields should at least be able to
recognize radiologic emergencies on call and to identify when to seek
consultation of a radiologist; potentially quickening the path to diag-
nosis and treatment. Furthermore, understanding appropriate imaging
criteria is crucial for optimal patients care, distribution of resources and

Case 9 —Right Mainstem Intubation

e

Endobronchial intubation can be
clinically detected by asymmetric breath
sounds

Must be corrected to prevent hypoxemia
and barotrauma to the aerated lung
Ideally the ET tube tip should be 2-3cm
above the carina

Fig. 1. Example slide from “hot seat style” problem-based learning.
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Radiology Elective: Week 2 Theme of the Week: Body
Time Monday Tuesday Wednesday Thursday Friday
Morning Conference
7:15-8:00 Tumor Board
Online Optional Self-Directed Study 7:30-8:30
7:30-9:00 Read Online Optional
Self-Directed Study “Urinary Chapter” Self-Directed Study Self-Directed Study
Read Watch Read Read
“Gl Chapter” Abdomen CT Anatomy “Women’s Imaging “IR Chapter”
Watch Abdomen CT Approach Chapter” Self-Directed Study Watch
9:00-10:00 Abdomen X-ray Intro Abdomen CT Contrast Watch Nonvascular IR
Pneumoperitoneum Vascular Imaging Breast Imaging “mo
10:00-11:00 lleus vs SBO Complete Dr. Hilda Tejero
: : lleus vs LBO ICARUS Modules 1 & 3 .
Acute Abdomen “Find the Appendix” Small Group Sesslon:
Right Upper Quadrant and Gl Cases Body &.ChESt H.Ot Seat
11:00-12:00 Complete Online Required
ICARUS Modules 2 & 4
12:00-13:00 Noon Conference Noon Conference Noon Conference Noon Conference Noon Conference
. . Online Optional Online Optional Online Online Optional Online Optional
Ask the Radiologist Self-Directed Study
Online Optional Watch
i Intro to Spine
Self-%;c::;cleedt:tudy Ask the Radiologist “AIexander Street
Aquifer Cases 5-6 Self-Directed Study Online Optional Self-Directed Study Egr‘r’:{;% r)f 1R?y
13:00-17:00 Abdomen Complete Complete s i?lal Trauma
’ ’ Watch Aquifer Cases 7-8 Self-Directed Study Aquifer Cases 14-15 _P—C Spine MRI
Alexander Street Abdomen Read Women’s Health Lumm“se
Emergency X-Ray Female Pelvic Pain MRI Brain Sequences
Interpretation “Part 8” Watch gﬁMRI B
. ody Sequences
Female Pelvis and OB MRI Safety ISMRM
MRI Safety of Devices

Fig. 2. Sample schedule from a completely virtual 4-week radiology rotation.

prevention of unnecessary radiation exposure for patients.

Radiology instruction during medical school varies from little or no
exposure to stand-alone clinical elective based on the institution. It has
been shown that early radiology exposure allows students to better
appreciate the role of imaging in medical practice.” Radiology course-
work also helps meet the Liaison Committee on Medical Education
(LCME) accreditation requirements for the standards of medical
knowledge, patient care, professionalism, systems-based practice,
communication, and inter professional collaboration.®

Instruction in imaging interpretation provides an opportunity for
students already considering a career in radiology to make a more
confident and informed decision. New radiology residents with a robust
background in the field will already possess fundamental building blocks
for their future training.

Radiology residency training should ideally equip the trainee with
skills for an academic future career. Radiology education in medical
schools should be designed with this in mind, ideally promoting
resident-led small group sessions to serve as the foundation for a future
should they pursue a career in graduate medical education. Engaging
radiology residents in the process provides opportunities for them to
actively review cases in a multi-disciplinary approach by considering
medical/surgical management and up to date guidelines for patient care.

Traditional observership models of simply shadowing a radiologist in
the reading room can be stymied by variable levels of student partici-
pation, faculty engagement and an unpredictable case variety to prompt
necessary teaching points. Virtual radiology rotations have the potential
to improve access to radiology teaching despite physical barriers, with
standardized teaching files to better prepare student doctors for future
practice. The COVID-19 pandemic forced many academic radiology
departments to develop their own virtual electives or implement the
ACR eRotation as a replacement for in-person activities.' Strengths in
the design of our virtual radiology clerkships included the ability for
students to govern the pace and method of education; incorporating
multimodality resources to further their knowledge and understanding.
Small group “hot seat style” sessions and high value faculty pre-
sentations are opportunities to further engaged students and allowed
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them to connect radiology lessons with clinical practice. These activities
also introduced transformational learning for students, allowing them to
re-examine their own role and the role of medical imaging within a
broader health system. Videoconferences and web-based learning plat-
forms allowed for a variety of formats, with similar standardized exam
results of these courses compared to traditional in person courses.*”

6. Conclusion

Through our institutional experience we aim to demonstrate the
effectiveness of virtual radiology clerkships as viable alternatives to on
site rotations. The virtual learning environment serves as the stepping-
stone for a proactive learning experience not only for student physicians
but also for radiology residents. Performance by students in this 100%
virtual radiology clerkship matched that of other courses on a national
standardized examination. The success of this approach holds promise
for delivering high quality radiology experience for students who would
otherwise be unable to complete a radiology clerkship due to logistical
reasons or competing demands on their time for residency interviews,
international volunteer trips, personal or family reasons, etc. Virtual
radiology clerkships designed with andragogy and self-directed learning
principles permit students to invest in their own learning process,
building knowledge and skills needed to provide high quality patient
care in the future.
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