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Abstract

Background and Purpose: Ultrasound is gaining popularity in modern medicine due to its versatility in both diagnostics and treatment. Many
residency programs have begun integrating ultrasound training, yet no formal curriculum exists in graduate medical education. This study evaluates
the feasibility and impact of ultrasound education in an internal medicine residency program.

Methods: This IRB-exempt study recruited internal medicine residents for a voluntary 45-minute ultrasound teaching session. Participants
completed pre- and post-session tests. Test scores were analyzed using a t-test in Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).

Results: Seventeen residents participated, most of whom (9/17; 53%) were interns. The average pre-test score was 53.7 + 6.9%, which increased
to 89.4 + 6.7% post-test (p < 0.001). After the session, 13 of 17 residents (76.5%) reported feeling more comfortable with ultrasound, while the
remaining 4 (23.5%) felt much more comfortable.

Conclusion: A single 45-minute ultrasound session significantly improved residents’ knowledge and confidence. These findings suggest that
integrating ultrasound into internal medicine training is both feasible and beneficial. Implementing a standardized curriculum with repeated
exposure may further enhance resident training and patient care outcomes.
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Introduction

Ultrasound is becoming increasingly popular in modern
medicine owing to its widespread versatility in diagnostic and
therapeutic approaches. Both medical schools and residencies
across different fields have started to incorporate ultrasound
education in their curriculum and have shown to augment
learning as well as accuracy of various procedures with focused
assessment with sonography in trauma (FAST) exam, point-of-care
echocardiogram, central line placement, and paracentesis to name
a few [1,2]. However, there is no formalized teaching on ultrasound
in internal medicine residency graduate medical education. A 2003
survey on 4,666 obstetrics and gynecology residents showed that
only 41.4% of residency programs had a mandatory ultrasound
curriculum and only 64.4% had some sort of ultrasound didactic
[3]. Similarly, another 2008 survey on 65 emergency medicine
residency programs reported that 72% programs require
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emergency ultrasound education and 79% have a structured
ultrasound curriculum [4]. These fields are arguably the two fields
in medicine that incorporate ultrasound the most in their practice,
and yet many resident trainees lack ultrasound experience. While
obstetrics and gynecology and emergency medicine residency
programs have developed an ultrasound curriculum to be
incorporated into their residency programs, internal medicine
residency programs do not have a formalized ultrasound training.

Purpose

This study aims to evaluate the practicability and effectiveness
of ultrasound education in internal medicine residency.

Methods

This study has been exempted by the institutional review
board. A third-year internal medicine resident who had a focused
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ultrasound education via Honors Ultrasound curriculum track in
medical school developed a PowerPoint presentation to teach the
basics of ultrasound with a focus on hepatobiliary ultrasound.
This was reviewed and finalized by a supervising gastroenterology
attending physician. Internal medicine residents ranging from
postgraduate year one to three at a single centered study were
recruited on a voluntary basis for a single 45-minute session on
ultrasound teaching. The lecture included the basics of ultrasound
including understanding the different knobs on the ultrasound
machine (i.e.,, depth, gain, frequency, focal zone), different types
of transducers, basic physics of ultrasound and coefficient of
attenuation, and the language used in ultrasound to describe the
echogenicity. Then the lecture shifted to learning more about the
hepatobiliary ultrasound, starting with the indications for a right
upper quadrant ultrasound, then the hepatobiliary anatomy,
sonographic interpretation of a normal anatomy, and various
signs to recognize during hepatobiliary ultrasound including the
“Mickey mouse sign” for the portal triad and the “antler sign” for
hepatic veins. Then various pathologic sonographic images were
shown to describe and identify them, including but not limited to
cholelithiasis, cholecystitis, choledocholithiasis, and cholangitis.
The lecture concluded with discussion of management for these
various biliary pathologies (i.e., cholecystectomy, antibiotics, etc.).

The session also had a 15-question pre- and post-session tests
that assessed their knowledge on the basics of ultrasound and on
identifying various structures on hepatobiliary ultrasound images.
A sample list of questions can be found in the supplementary
material. The post-test also included one more question to gauge
the residents’ comfort level on ultrasound compared to before
the session using a 5-point Likert scale based on the participants’
subjective interpretation. Their responses to the tests were
analyzed by t-test using Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA).

Results

17 residents participated in this study. The majority of the
residents (9/17; 53%) were interns, 3 (18%) were second year
residents, 4 (23%) were third-year residents, and 1 (6%) was a
fourth-year combined internal medicine-pediatrics resident. Table
1 describes number of correct responses for each individual. The
average pre-test score for an individual was 53.7 + 6.9% while that
of the post-test was 89.4 + 6.7%, p < 0.001. At the end of the session,
13 of 17 (76.5%) residents felt more comfortable with ultrasound,
and the remaining 4 of 17 (23.5%) felt much more comfortable
with ultrasound.

Table 1: Increased scores from pre- and post-tests with ultrasound
session by individual.

Pre-Test Post-Test
Resident Number % Correct Number % Correct
Correct Correct
(n=15)) (n=15))
1 7 46.7 14 93.3
2 10 66.7 14 93.3
3 8 53.3 13 86.7
4 8 53.3 14 93.3
5 7 46.7 12 80
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6 10 66.7 14 93.3
7 7 46.7 15 100
8 9 60 12 80
9 7 46.7 13 86.7
10 8 53.3 14 93.3
11 7 46.7 15 100
12 8 53.3 12 80
13 7 46.7 13 86.7
14 9 60 14 93.3
15 8 53.3 12 80
16 8 53.3 13 86.7
17 9 60 14 93.3
Average 8.1 53.7 13.4 89.4
Discussion

Ultrasound is a relatively cost-efficient imaging modality
without harmful effects of radiation exposure. With technological
advances, ultrasound has become more portable and user-friendly
and is utilized in variety of medical fields. Ultrasound is heavily
operator-dependent and requires sufficient training to obtain and
interpret images properly, but ultrasound training for resident
physicians is still lacking.

A study on 437 obstetrics and gynecology residents across
93 programs in 2016 showed that 30% of residents reported
not having any ultrasound didactics, and of those who did, 40%
reported having it annually or less [5]. A more recent study from
2015-2016 on 110 otolaryngology residents noted that 76%
residents had no exposure to formal ultrasound education, 44% did
not feel comfortable with ultrasound-guided procedures, and 78%
wished they had more exposure to ultrasound [6].

An increasing number of residency programs are becoming
aware of the usefulness of ultrasound and starting to incorporate
ultrasound education in some form or another. obstetrics and
gynecology residency, for example, is one of the fields that has
traditionally incorporated ultrasound education into their training
given the integral part ultrasound has in the field. Historically,
this has been through informal, educator-dependent training,
however in 2018, the American Institute of Ultrasound in Medicine
and its task force developed a formal standardized curriculum
with competency assessment to be incorporated into ob-gyn
residency training [7]. The curriculum provides varying levels
of ultrasound education depending on the postgraduate year,
starting from the fundamentals of ultrasound to a more advanced,
procedural ultrasound training. It also requires that the residents
personally obtain proper images and clips themselves as part of
the assessment. Having such structured curriculum can be applied
in various fields including internal medicine and strengthen
postgraduate education.

Incorporating ultrasound in internal medicine has many
advantages, including timely and efficient diagnostic evaluation
that can guide management for the patient. In Netherlands and
other European countries, a formal ultrasound training has been
developed for internal medicine residents that is similar to the
International Federation for Emergency Medicine’s ultrasound
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curriculum [8,9]. Nonetheless, there is no formalized curriculum
for internal medicine residency programs in the U.S. The Alliance
of Academic Internal Medicine recently published a position
statement in 2019 on point-of-care ultrasound within the field
of internal medicine and stated that ultrasound does indeed
provide clinical benefit to patient care and supports longitudinal
ultrasound training in internal medicine residency [10]. Through
robust ultrasound training, internal medicine residents can acquire
higher efficiency in ultrasound-guided procedures and tests as
they care for acutely sick patients, performing a quick point-of-
care ultrasound to obtain central vascular access and to assess for
retroperitoneal bleed or cardiogenic shock.

There are limitations to this study, namely the small sample
size. Given that this was solely based on a voluntary basis, this
was the maximum number of busy residents we were able to
recruit, however one way to overcome this is to incorporate it as
an elective rotation in which the residents would have dedicated
time for learning and expand it to a multicenter study for a larger
sample size. Another limitation is that this was only focused on
the hepatobiliary system, largely for efficiency. While our lecture
does discuss the specific indications that would warrant a right
upper quadrant ultrasound, the participants were made aware
that working through the hepatobiliary system alone is not
sufficient for patients presenting with abdominal discomfort, and
that this may not necessarily be generalized to the overall efficacy
of all ultrasound training curriculums. Our study also does not
incorporate the actual scanning aspect of ultrasound teaching.
This is due to the limited participation of the residents (this was
offered as an adjunct but many had schedule conflicts). If a formal
curriculum is incorporated with a set allotted time, this would be
very feasible and will exponentially enhance ultrasound learning.

One of the major obstacles in incorporating a formal ultrasound
curriculum seems to be the lack of time and trained faculty [11].
Nonetheless, our study demonstrates that even just one 45-minute
educational session on ultrasound enhanced residents’ knowledge
and comfort level on ultrasound. This in turn has considerable
clinical implications for more efficient and effective patient care.
This study shows that incorporating ultrasound teaching in
graduate medical education in the field of internal medicine is
feasible and has a favorable outcome. An ultrasound simulator
software program that can be used with a phone and a laptop
has been shown to work effectively among residents [12], and a
systematic review on simulation-based training on abdominal
ultrasound highlights its effectiveness [13]. This type of software
can help ameliorate difficulties associated with lack of dedicated
ultrasound educators or faculty time across residency programs.

Conclusion

A standardized ultrasound curriculum that can provide
repeated exposure in ultrasound can strengthen the breadth of
internal medicine residents’ training and enhance patient care.
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