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Abstract

Background Point of care ultrasound (POCUS) education has grown significantly over the past two decades. Like
most curricular items, POCUS education is siloed within individual graduate medical education (GME) programs. The
purpose of this study was to evaluate the effectiveness of a shared GME POCUS curriculum between five GME pro-
grams at a single institution.

Methods Post-graduate-year-1 (PGY-1) residents from emergency medicine (EM), family medicine (FM), internal
medicine (IM), combined internal medicine-pediatrics (IM-Peds) and combined emergency medicine-pediatrics
(EM-Peds) residency programs were enrolled in a core POCUS curriculum. The curriculum included eleven asynchro-
nous online learning modules and ten hands-on training sessions proctored by sonographers and faculty physicians
with POCUS expertise. Data was gathered about the curriculum’s effectiveness including participation, pre- and post-
curricular surveys, pre- and post-knowledge assessments, and an objective skills assessment.

Results Of the 85 residents enrolled, 61 (72%) participated in the curriculum. Engagement varied between programs,
with attendance at hands-on sessions varying the most (EM 100%, EM-Peds 100%, FM 40%, IM 22%, Med-Peds 11%).
Pre- and post-knowledge assessment scores improved for all components of the curriculum. Participants felt signifi-
cantly more confident with image acquisition, anatomy recognition, interpreting images and incorporating POCUS
findings into clinical practice (p <0.001) after completing the curriculum.

Conclusion In this shared GME POCUS curriculum, we found significant improvement in POCUS knowledge,
attitudes, and psychomotor skills. This shared approach may be a viable way for other institutions to provide POCUS
education broadly to their GME programs.
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exist for emergency medicine [6], pediatric emergency
medicine [7] and family medicine [3] training programs,
consensus training guidelines have yet to be published for
internal medicine and general pediatric training.

The American Academy of Family Practice (AAFP) cur-
riculum guidelines for FM residents recommend that all
curricula contain some aspect of focused and longitudi-
nal POCUS experiences, and some combination of didac-
tics, hands-on learning, knowledge and skill assessment,
and competency evaluation [1]. While these guidelines
reflect best practice standards, the resources to provide
the necessary didactics, experience and evaluation are
challenging. In repeated surveys about providing POCUS
training, lack of local expertise and resources are almost
universally cited barriers to beginning and/or sustaining
a POCUS training program [8—12].

Utilizing national programs, such as the American
College of Surgeons’ Ultrasound Essentials for Surgeons
Course or the American College of Chest Physicians’
Critical Care Ultrasound Course, allows GME trainees to
find extra-curricular opportunities for POCUS training
during residency or fellowship. However, these courses
are limited by their high cost and the time needed to
travel for already busy GME trainees. Similar challenges
exist for other desired curricular content where time and
local expertise are needed. Models of multidisciplinary
delivery across specialty training using shared resources
have been described for patient safety and physician
leadership [13, 14]. Such multidisciplinary models take
advantage of local expertise and scale delivery using
workshops, seminars or online platforms that are readily
accessible to large groups of learners.

In order to support a more system-wide approach to
POCUS education, we sought to use a shared curricular
delivery model for POCUS education for all post-grad-
uate-year 1 (PGY-1) residents from five different GME
programs at our institution. The primary aim of this
study was to evaluate the effectiveness of a novel, cross-
specialty GME POCUS curriculum as measured by par-
ticipants’ attitudes towards POCUS and performance on
knowledge assessment inventories comparing before and
after the curriculum, as well as their performance on an
objective structured clinical exam (OSCE).

Methods

Study design and participants

This was a prospective observational study of PGY-1 resi-
dent trainees from EM, FM, IM, combined internal medi-
cine-pediatrics (Med-Peds) and combined EM-pediatrics
(EM-Peds) residency training programs at a single insti-
tution. Eighty-five PGY-1 trainees were enrolled in the
10-month long curriculum, 61 residents were included
in the analysis as they completed at least one learning
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module and attended at least one hands-on training ses-
sion. The study went from August 2021 to May 2022.
This study was approved by the Indiana University insti-
tutional review board with waiver of informed consent
(protocol number 12269).

Curriculum

A core POCUS curriculum was developed by institu-
tional POCUS leaders in EM, FM, pediatrics, radiology
and obstetrics and gynecology. A smaller version of this
curriculum was piloted with 24 residents spanning post-
graduate year 1-3 from 4 different residency programs
and these methods have been previously published [15].
The curriculum sought to cover POCUS exams with
the most relevance to general medical practice and rel-
evant to hospital based GME trainees. Exams for the
curriculum were chosen based on consensus of local
institutional POCUS leaders and after consultation with
residency program directors or assistant directors in each
program participating in the shared curriculum. A series
of 11 modules (consisting of videos, case-based scenar-
ios, and reading material) were developed and delivered
through an institutional online learning management sys-
tem (LMS) (Canvas by Instructure, Salt Lake City, Utah).
The POCUS topics covered included physics, basic
machine operation mechanics, concepts of procedural
guidance as well as the following POCUS exams: focused
assessment with sonography in trauma (FAST), lung, car-
diac, soft tissue, early pregnancy, vascular access, renal/
bladder, liver/gallbladder, and abdominal aorta. EM and
FM trainees completes training in all modules. IM and
IM-Peds trainees did not participate in the early preg-
nancy, procedural guidance, and vascular access training.
IM-Peds trainees did not participate in renal or liver/gall-
bladder training. The asynchronous modules were com-
plemented by 9 hands-on training sessions that occurred
over a 10-month period and were proctored by faculty
with POCUS experience from multiple departments
spanning the GME spectrum.

Assessment tools

Trainee attitudes towards POCUS were measured
through an online survey administered before and after
the curriculum. POCUS knowledge was assessed using
pre and post module quizzes built into each module of
the LMS. Attendance at each hands-on training session
was tracked. An OSCE with a standardized patient was
administered to trainees at the end of the curriculum (see
Additional file 1). The OSCE covered elements of the car-
diac, aorta, lung, and FAST exam.
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Statistical analysis

The Fisher’s Exact test was used to estimate differences
in proportions between groups. For continuous variables,
the Wilcoxon and Kruskal-Wallis tests were used. Logis-
tic regression was used to estimate OSCE differences
between EM and non-EM specialties. Linear regres-
sion was used to estimate module quiz score differences
between EM and non-EM specialties and was adjusted
for time spent in the LMS and event attendance. EM-
Peds residents were treated as EM residents in the analy-
sis as they have the same POCUS training requirements
for their residency program and the same POCUS educa-
tion faculty. All statistical analyses were performed using
SAS Version 9.4 (SAS Institute, Cary, NC).

Results

Sixty-one of 85 (72%) PGY-1 residents actively partici-
pated in the GME POCUS training program by com-
pleting at least one module and one hands-on training
session. Twenty-three (38%) residents were from IM, 16
(26%) from EM, 2 (3%) from EM-Peds, 13 (21%) from
FM and 7 (11%) from IM-Peds. Fifty-one (31/61) percent

Table 1 Participant demographics (n=61)

Characteristics N (%)
Age 20-25 4 (6.6)
26-30 54 (88.5)
31-35 2(3.3)
Would prefer not to answer 1(1.6)
Gender Female 31(50.8)
Male 29 (47.5)
Would prefer not to answer 1(1.6)
Race Hispanic or Latino 6 (9.8)
Asian 6(9.8)
Black or African American 3(4.9)
White 42 (68.9)
Would prefer not to answer 3(4.9)
Residency Program Internal Medicine 23(37.7)
Medicine/Pediatrics 7(11.5)
Family Medicine 13(21.3)
Emergency Medicine 16 (26.2)
Emergency Medicine/Pediatrics 2(33)
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were female (see Table 1 for demographics). Participants
rated their pre-curriculum POCUS training as “very lim-
ited” (median score of 2, range 1 to 5) on a 5-point Likert
scale (range 1 “no training at all” to 5 “extensive train-
ing”). Residents felt that POCUS was essential to learn
for their future practice both before (median 4, range 1
to 5) and after the curriculum (median 4, range 2 to 5),
p=0.39.

POCUS Utilization

When comparing pre- to post-curriculum we found an
increase in self-reported POCUS utilization for guiding
diagnosis and/or patient assessment (p=0.075) and an
increase in POCUS use to guide procedures (p=0.18).
However, these did not reach statistical significance (see
Supplementary Table 1). Pre-curriculum, 23 (38%) resi-
dents had never used POCUS in the clinical setting and
post-curriculum this significantly decreased to 9 (14.7%)
p=0.021.

Barriers and confidence

Participants reported significant improvement to all
self-perceived barriers to learning and using POCUS,
however, most participants still identified their abil-
ity to interpret images as a barrier even after complet-
ing the curriculum (Table 2). Residents felt significantly
more confident with manipulating the POCUS machine
for image acquisition, recognizing anatomy on POCUS
images, obtaining and interpreting images, and incorpo-
rating POCUS findings into clinical practice (p<0.001,
see Supplementary tables 2 and 3). They reported feeling
significantly more comfortable performing every modal-
ity taught during the curriculum (p<0.033) except car-
diac standstill evaluation (p=0.07) and first trimester
pregnancy (p=0.19) (Table 3). Overall confidence with
using POCUS after completing the course was high at 4
(range 2 to 5).

Pre- to post curriculum knowledge assessment

Median test scores improved significantly across all
modalities and specialties except IM-Peds for the lung
and cardiac exams, and FM for the soft tissue and ultra-
sound guided vascular access exams, which both showed
improvement but did not reach statistical significance.

Table 2 Comparison of pre- to post-curriculum barriers to POCUS utilization n (%)

Barriers Pre Post p-value
Yes Neutral No Yes Neutral No

Machine Operation 37(61.7) 13(21.7) 10 (16.7) 19 (36.5) 0(0) 33 (63.5) <.0001

Image Acquisition 38(63.3) 13(21.7) 9(15.0) 23 (44.2) 0(0) 29 (55.8) <.0001

Image Interpretation 40 (66.7) 17 (28.3) 3(5.0) 36 (69.2) 0(0) 16 (30.8) <.0001
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Table 3 Participants attitudes towards POCUS use for a given clinical scenario. Median scores reported (min-max)

Likelihood of Use Comfort Using

Pre Post p-value Pre Post p-value
Undifferentiated Hypotension 3.0(1.0-5.0) 4.0(1.0-5.0) 0.6417 2.0 (1.0-5.0) 3.0 (1.0-5.0) 0.0328
Cardiac Arrest 3.0(1.0-5.0) 3.5(1.0-5.0) 0.9317 1.0 (1.0-5.0) 3.0(1.0-5.0) 0.0741
Acute Heart Failure 4.0 (1.0-5.0) 4.0 (1.0-5.0) 0.9253 2.0(1.0-5.0) 3.0(1.0-5.0) 0.0022
Undifferentiated Shortness of Breath 3.0 (1.0-5.0) 3.0(1.0-5.0) 0.1528 2.0(1.0-5.0) 3.0(2.0-5.0) 0.0039
Abdominal Pain 4.0(1.0-5.0) 4.0(1.0-5.0) 0.4022 2.0(1.0-5.0) 3.0 (2.0-5.0) 0.0051
Procedural Guidance 5.0(3.0-5.0) 5.0 (3.0-5.0) 0.8952 2.0 (1.0-5.0) 3.0 (2.0-5.0) 0.0004
Deep Vein Thrombosis 4.0(1.0-5.0) 3.0 (1.0-5.0) 0.0002 2.0 (1.0-5.0) 3.0(1.0-5.0) 0.0027
Abdominal Aortic Aneurysm Screening 4.0 (1.0-5.0) 3.0(1.0-5.0) 0.0265 2.0(1.0-5.0) 3.0(1.0-5.0) 0.0012
Soft Tissue Skin Infection 4.0 (1.0-5.0) 4.0 (1.0-5.0) 06117 2.0(1.0-5.0) 3.0 (1.0-5.0) 0.0074
Early Pregnancy 40 (1.0-5.0) 4.0 (1.0-5.0) 03424 2.0(1.0-5.0) 25(1.0-5.0) 0.1937
Flank Pain 3.0(1.0-5.0) 3.0 (1.0-5.0) 0.1356 2.0(1.0-5.0) 3.0 (1.0-5.0) 0.0039

Ultrasound guided vascular access knowledge assessment
remained high for FM residents both before (median 8.5)
and after (median 9.5) (Table 4).

Objective structured clinical exam

An OSCE was performed post-curriculum to assess psy-
chomotor skill and pathology knowledge; 19 (83%) IM,
16 (89%) EM, 7 (54%) FM and 2 (29%) IM-Peds residents
participated in this assessment although not all resi-
dents completed all parts of the OSCE. Ninety-eight per-
cent (40/41) of residents were able to adjust the POCUS
machine settings, 93% (28/41) were able to adequately
position the patient, and 76% (31/41) were able to per-
form positioning adjuncts to improve image quality.
Adjuncts were completed accurately by EM and IM-Peds
residents 100% of the time (Table 5). While most resi-
dents were able to identify anatomic structures including
the abdominal aorta, IVC, spine, right and left ventricle,
pericardium, diaphragm and aortic outflow tract, no FM
residents were able to identify the IVC, and the majority
could not identify the right and left ventricle, aortic out-
flow tract, the left atrium, hepatorenal recess or liver tip.
Most EM and FM residents were unable to describe two
findings of pneumothorax on ultrasound. All residents
were able to describe indications for a cardiac POCUS,
and most were able to discuss measurements for a nor-
mal abdominal aorta, describe the difference between the
IVC and aorta, and name three pathologic findings on an
eFAST examination.

When comparing psychomotor skill and identification
of anatomy on POCUS between EM and non-EM spe-
cialties, non-EM residents were significantly less likely
to measure the abdominal aorta correctly (p=0.015),
describe normal aorta measurements (p=0.019), obtain
a transverse (p=0.031) and sagittal (»=0.012) aorta view

on the aorta exam. They were also less likely to obtain
a liver tip view (p=0.002) on a FAST exam. The other
assessments found similar results between EM and non-
EM residents.

Participation

Attendance at hands-on POCUS training sessions was
significantly higher for EM and EM-Peds residents with
residents attending 100% of the sessions, followed by FM
(40%), IM (22%) and IM-Peds (11%), p<0.001. Forty-
three percent of residents completed <50% of the LMS
modules, while 57% completed >50% of the modules, see
Supplemental Table 4. Residents who completed >50%
of the modules we significantly more confident in their
ability to perform POCUS than those who did not (4.0
vs 3.0, p<0.001). LMS module participation did not
impact OSCE performance apart from residents who
completed>50% of the modules being significantly
more likely to accurately measure the abdominal aorta
(p=0.011), identify the hepatorenal recess (p=0.03),
and obtain an image of anterior lung sliding (» <0.001).
When comparing LMS module completion to OSCE per-
formance by specialty, only identifying the right ventri-
cle (p=0.04), identifying the left ventricle (p=0.04) and
identifying the aortic outflow were statistically significant
and only for IM residents, see Supplemental Table 5.

Discussion

Although POCUS use continues to grow among various
medical specialties, obstacles remain for creating ade-
quate POCUS curricula within both undergraduate and
GME programs [3, 8, 16]. Faculty with POCUS exper-
tise, access to equipment and curricular time within the
training program remain as core challenges. GME pro-
grams have used a variety of methods to navigate these
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Table 4 Knowledge assessment scores pre- and post- modules by specialty and modality. Median scores reported (min-max)

Modality Specialty Pre Post p-value
Lung Ultrasound IM 5.0(2.0-8.0) 9.0 (8.0-10.0) <.0001
EM 7.0 (3.0-9.0) 9.0 (8.0-10.0) <.0001
FM 3.0 (0.0-6.0) 8.5 (3.0-10.0) 0.0004
Med-Peds 4.0(1.0-7.0) 10.0 (10.0-10.0) 0.1386
Core Ultrasound Knowledge IM 6.5(2.0-10.0) 10.0 (80-10.0) <.0001
EM 9.0 (4.0-10.0) 10 (8.0-10.0) 0.0489
FM 6.5 (2.0-10.0) 9.5 (7.0-10.0) 0.0005
Med-Peds 7.5 (3.0-7.0) 10.0 (9.0-10.0) 0.0069
Cardiac Ultrasound IM 6.0 (4.0-9.0) 10.0 (9.0-10.0) <.0001
EM 7.0 (5.0-10.0) 10.0 (8.0-10.0) <.0001
FM 4.5(0.0-8.0) 9.0 (5.0-10.0) 0.0006
Med-Peds 5.5 (3.0-8.0) 8.5 (7.0-10.0) 0.6985
Fluid Assessment IM 6.0 (3.0-8.0) 9.0(4.0-10.0) <.0001
EM 8.57 (4.29-10.0) 10.0 (8.57-10.0) 0.006
FM 5.5 (2.0-8.0) 9.0 (6.0-10.0) 0.0005
Med-Peds 7.5(5.0-8.0) 9.0 (9.0-10.0) 0.0256
Soft Tissue Ultrasound IM 5.0 (5.0-8.0) 8.0 (5.0-9.0) 0.0044
EM 7.0 (3.0-9.0) 9.0 (8.0-10.0) <.0001
FM 5.0 (4.0-7.0) 8.0 (5.0-9.0) 0.1745
Med-Peds 4.0 (4.0-4.0) 10.0 (10.0-10.0) *
Aorta Ultrasound IM 5.0(2.0-6.0) 8.0(7.0-10.0) 0.0077
EM 8.0 (5.0-10.0) 10 (8.0-10.0) 0.0003
FM 5.0 (4.0-8.0) 8.5 (8.0-10.0) 0.0056
Early Pregnancy Ultrasound EM 8.0 (4.0-9.0) 9.0 (8.0-10.0) <.0001
FM 6.0 (4.0-9.0) 9.0 (7.0-10.0) 0.0326
Procedure Guidance EM 8.0 (5.0-9.5) 10.0 (9.0-10.0) <.0001
FM 7.75 (5.0-10.0) 10.0 (7.0-10.0) 0.0039
Ultrasound Guided Vascular Access EM 8.0(5.0-10.0) 9.0 (8.0-10.0) 0.0011
FM 8.5 (6.0-10.0) 9.5 (9.0-10.0) 0.2881
Liver and Gallbladder Ultrasound IM 533 (4.0-7.0) 10.0 (8.18-10.0) 0.0026
EM 7.0(2.33-833) 9.09 (8.18-10.0) <.0001
FM 5.17 (4.33-7.33) 10.0 (9.09-10.0) 0.0497
Renal Ultrasound IM 5.0(3.0-7.0) 9.0 (7.0-9.0) 0.0031
EM 7.0 (5.0-9.0) 9.0 (8.0-10.0) <.0001
FM 6.0 (5.0-7.0) 9.0 (8.0-10.0) 0.0125

Scores for some modules not reported as not all modules were completed by each specialty. *Only 1 subject’s score reported and thus p-value cannot be calculated

challenges including, utilizing national courses [16],
development of dedicated tracks with asynchronous
and self-directed learning [3, 16], peer to peer teaching
[16], and leveraging the expertise and resources of other
GME programs [17]. To overcome these obstacles at our
institution, we leveraged the resources used to create
our undergraduate medical education POCUS curricu-
lum to create a common core POCUS GME curriculum.
This included POCUS experts across a variety of special-
ties, sonographers with experience teaching POCUS,
hand-held POCUS equipment and lab space. To our

knowledge, this approach, including our shared POCUS
curriculum development by a multi-disciplinary group
of POCUS experts with embedded knowledge and skills-
based assessments is the first to be described and was
piloted on a smaller scale prior to this initial launch [15].

In our study, PGY-1 residents from a variety of GME
training programs experienced a significant change in
attitudes and behaviors towards POCUS and improved
their POCUS knowledge and skill set across a wide
variety of POCUS exams. As expected, with experience
and training, we found the number of residents with
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Table 5 Performance on OSCE by specialty as measured by Fisher's Exact test

Specialty Incorrect Correct p-value
Machine Use n (%) n (%)
Settings IM 1(100.0) 16 (40.00) 1
EM 0(0.0) 16 (40.00)
FM 0(0.0) 7(17.50)
Med-Peds 0(0.0) 1(2.50)
Positioning IM 1(33.33) 16 (42.11) 0.6045
EM 1(33.33) 15 (39.47)
M 1(33.33) 6(15.79)
Med-Peds 0(0.0) 1(2.63)
Adjuncts IM 7(70.0) 10(32.26) 0.0073
EM 0(0.0) 16 (51.61)
FM 3(30.0) 4(12.90)
Med-Peds 0(0.0) 1(3.23)
Aorta
Identify Aorta IM 3(27.27) 12 (42.86) 0.0465
EM 3(27.27) 13 (46.43)
FM 5(45.45) 2(7.14)
Med-Peds 0(0.0) 1(3.57)
Identify IVC IM 4 (28.57) 11 (44.00) 0.0006
EM 3(21.43) 13 (52.00)
FM 7 (50.0) 0(0.0)
Med-Peds 0(0.0) 1 (4.00)
Identify Spine IM 3(50.0) 12 (36.36) 0.035
EM 0(0.0) 16 (48.48)
FM 3(50.0) 4(12.12)
Med-Peds 0(0.0) 1(3.03)
Measure IM 6 (46.15) 10 (37.04) 0.0011
EM 1(7.69) 15 (55.56)
FM 6 (46.15) 1(3.70)
Med-Peds 0(0.0) 1(3.70)
Discuss normal Aorta IM 7 (50.00) 8 (32.00) 0.0158
EM 2(14.29) 14 (56.00)
FM 5(35.71) 2 (8.00)
Med-Peds 0(0.0) 1 (4.00)
Discuss Aorta Pitfalls IM 3(42.86) 11 (35.48) 0.7103
EM 2(28.57) 14 (45.16)
FM 2(28.57) 5(16.13)
Med-Peds 0(0.0) 1(3.23)
Cardiac
Name 3 Indications IM 0 19 (44.19) Unable
EM 0 16 37.21) to calculate p
value
FM 0 7(16.28)
Med-Peds 0 1(2.3)
Identify RV IM 3(25.0) 16 (50.0) 0.0035
EM 3(25.0) 13 (40.63)
FM 6 (50.0) 1(3.13)
Med-Peds 0(0.0) 2(6.25)
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Table 5 (continued)
Specialty Incorrect Correct p-value
Identify LA IM 4(25.53) 15 (55.56) 0.0113
EM 7(41.18) 9(33.33)
FM 6(35.29) 1(3.70)
Med-Peds 0(0.0) 2(747)
Identify LV IM 3(25.00) 16 (50.00) 0.0035
EM 3(25.00) 13 (40.63)
FM 6 (50.00) 1(3.13)
Med-Peds 0(0.0) 2 (6.25)
Identify Aorta Outflow IM 3(25.00) 16 (50.00) 0.1381
EM 4(3333) 12 (37.50)
FM 4(3333) 3(9.38)
Med-Peds 1(8.33) 1(3.13)
Identify pericardium IM 2(50.0) 17 (42.50) 0.1379
EM 0(0.0) 16 (40.00)
FM 2(50.0) 5(12.50)
Med-Peds 0(0.0) 2 (5.00)
Describe location of pericardial effusion IM 4(33.33) 14 (45.16) 0.5354
EM 4(3333) 12 (38.71)
FM 3(25.00) 4(12.90)
Med-Peds 1(833) 1(323)
Describe IVC vs Aorta IM 0(0.0) 19 (46.34) 0.0058
EM 0(0.0) 16 (39.02)
FM 3(100.0) 4(9.76)
Med-Peds 0(0.0) 2 (4.88)
IVC assessment IM 3(1875) 16 (57.14) 0.0004
EM 6(37.50) 10(37.71)
FM 7 (43.75) 0(0.0)
Med-Peds 0(0.0) 2(7.14)
E-FAST
Name 3 pathologic findings IM 1(50.0) 18 (43.90) 1
EM 1(50.0) 15 (36.59)
FM 0(0.0) 7(17.07)
Med-Peds 0(0.0) 1(244)
Identify MP IM 7 (63.64) 11 (34.38) 0.0028
EM 0(0.0) 16 (50.0)
FM 4(36.36) 3(9.38)
Med-Peds 0 (0.0) 2 (6.25)
Identify Diaphragm IM 5(62.50) 13(37.14) 0.0335
EM 0(0.0) 16 (45.71)
FM 3(37.50) 4(1143)
Med-Peds 0(0.0) 2(5.71)
Identify Liver Tip IM 6 (46.15) 12 (40.0) <.0001
EM 0(0.0) 16 (53.33)
FM 7(53.85) 0(0.0)
Med-Peds 0(0.0) 2(6.67)
Describe 2 findings of pneumothorax IM 7 (35.0) 12 (50.0) 0.3825
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self-perceived barriers of using POCUS decreased, as
has been demonstrated in other studies of specialty spe-
cific POCUS training programs [2, 4]. This resulted in
increased self-reported use in their clinical practice and
increased comfort in using POCUS in a wide variety of
clinical scenarios. While most residents felt that machine
operation and image acquisition were not a barrier post-
curriculum completion, the majority continued to feel
that image interpretation was still a significant barrier.
This finding is not surprising, as exposure to a range of
normal and pathologic exams is needed to improve con-
fidence in image interpretation and is in keeping with
a similar study of IM residents who were exposed to a
novel POCUS curriculum during the Covid 19 pandemic
[18].

Of particular interest, our data showed no increase in
self-reported likelihood of using POCUS in a variety of
clinical scenarios. In fact, we found that residents were
significantly less likely to use POCUS for both a DVT
or a screening abdominal aorta exam. We did not assess
the reasons for this lack of increase. However, we believe
this may be due to several factors, including: 1) extremely
limited access to any POCUS equipment in the hospi-
tal ward or outpatient clinic setting, 2) time needed to
complete the exam among other competing priorities
and 3) lack of mentorship and supervision by more sen-
ior physicians with POCUS experience at the bedside.
Interestingly, FM residents, who spend the most time in
the outpatient clinic setting compared to the other par-
ticipants and would more likely have an opportunity to
perform screening abdominal aorta exams on high-risk
patients, performed significantly worse than their peers
on the OSCE in almost all domains relating to this exam.
Based on these results, FM residents need more training
and experience before clinical use.

While all PGY-1 residents from each of the 5 resi-
dency programs had access to the curriculum, not all
participated equally. Each residency program was
free to implement hands-on training that best fit their
existing curriculum and clinical schedules. For FM,
hands-on training occurred monthly during didac-
tic conference. For IM and IM-Peds this occurred at
varied times throughout the month. For EM and EM-
Peds this occurred as part of a dedicated POCUS rota-
tion already built into their existing curriculum. As a
result, those specialties who built hands-on training
into their established residency curriculum had much
higher participation rates. As a result of this data, at
the conclusion of the curriculum, the IM program built
in mandatory hands-on sessions into their quarterly
skills training sessions for interns. Despite the chal-
lenges in attending hands-on sessions, IM and IM-Peds
residents performed well on the OSCE. However, EM
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and EM-Peds residents significantly outperformed the
other groups in several OSCE domains. This is likely
a reflection of their existing curriculum with a dedi-
cated POCUS rotation and many trained faculty using
POCUS clinically.

This study demonstrates the feasibility of a shared
POCUS curriculum implemented across multiple GME
training programs and its impact on trainees. Future
iterations of this curriculum will be expanded to include
surgical specialties, anesthesia, and critical care train-
ing programs. With a more structured approach to the
curriculum and enhanced participation, the impact of
such a curriculum can be further studied. We hope that
this shared POCUS curriculum increases communica-
tion across medical specialties and will lead to improved
patient care. Furthermore, the impact of such a curricu-
lum on future, independent practice post-graduation
from GME training is unknown.

Limitations

There were multiple limitations identified in this study.
First, expectations were varied among the various GME
programs. While EM has set POCUS requirements for
graduation, this is not true for other specialties. This
requirement alone would encourage increased dedica-
tion to learn and perform these exams among the EM
cohort. Additionally, self-directed scanning outside of
hands-on sessions for each resident was not monitored,
tracked, or studied. Undoubtedly, the availability of ultra-
sound equipment also affected participation and prac-
tice. Multiple cart-based ultrasounds are readily available
in the emergency department. This availability is either
reduced or completely absent on hospital wards or in
outpatient clinics. This increases the dependence of IM,
IM-Peds and FM on performing practice examinations in
the educational environment and allows less opportunity
for use in the clinical environment. This likely negatively
affects residents’ comfort and confidence in the clinical
use and integration of POCUS. The curriculum was sup-
plemented with more clinical bedside teaching for EM
and EM-Peds residents as part of their required POCUS
rotation. This variation in curriculum could affect partic-
ipation, knowledge and skill acquisition, and outcome of
these cohorts, and is seen in the OSCE results.

Portions of this curriculum and study were performed
during the Covid 19 pandemic. Due to the effect of this
pandemic on clinical care, social distancing precautions,
and potential risk aversion among resident learners’ par-
ticipation in in-person training sessions and ability to
perform practice scans in the clinical environment may
also have been reduced. This renders the results of this
study subject to a degree of selection bias.
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Conclusion

A shared, common core, multi-specialty longitudinal
GME POCUS curriculum for PGY-1 residents resulted
in improved attitudes towards POCUS across a variety
of exams. For those who participated in the program,
POCUS knowledge and comfort performing exams
increased significantly. However, participants continued
to lack confidence in their ability to interpret POCUS
images. While clinical use increased, beliefs about clini-
cal utility remained unchanged for most exam types. A
shared approach may be a feasible way for other insti-
tutions to provide POCUS education to their GME
programs.
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