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ABSTRACT

BACKGROUND: Point-of-care ultrasound (POCUS) has extensive clinical utility in internal medicine, but formal and uniform curricula in internal
medicine are lacking.

OBJECTIVE: To determine the effectiveness of a longitudinal, flipped-classroom, academic half-day curriculum on internal medicine resident
confidence, utilization, and changes in clinical management.

METHODS: We implemented an asynchronous, flipped-classroom, academic half-day curriculum from November 2020 to November 2021 and
conducted an evaluation with a prospective, before-after cohort study. Curriculum included 4 rotating sessions comprised of 20 to 30 min of
image interpretation followed by 1.5 to 2 h of image acquisition. Confidence was rated via Likert scale. Utilization was reported via indicating
never, 1 to 2, 3 to 4, 5 to 6, or >6 times per month (recorded as 1-5, respectively). Image interpretation was assessed via a 6-question, mul-
tiple-choice video assessment.

RESULTS: Nineteen of 99 potential residents (19%) completed a pre- and post-curriculum evaluation. Residents attended a median of 4 ses-
sions. Confidence improved from 2.47 to 3.53 (P= .002). Utilization did not improve overall (2.11-2.42, P= .22), but utilization of left ventricular
function assessment (1.53-2.00, P= .046) and pulmonary assessment (1.53-2.00, P= .039) increased. The percentage of residents that had
ever changed their clinical management by POCUS increased from 47% to 84% after implementation of the curriculum. Cardiac, pulmonary/
pleural, volume assessment, and abdominal free fluid exams were reported as the most clinically useful.

CONCLUSION: Implementation of a longitudinal, academic half-day curriculum for POCUS resulted in improved confidence, increased POCUS
utilization for the cardiac and pulmonary examination, and changes in clinical management based on POCUS.
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Introduction
The clinical utility of point-of-care ultrasound (POCUS) includes

procedural guidance,1,2 diagnostic capability,3 therapeutic monitor-

ing,4 and increased patient satisfaction.5 These benefits have led to

guidelines and recommendations for its clinical use by internal

medicine physicians.6 However, early training in POCUS among

internal medicine residency programs is lacking, with formal curric-

ula in only 35% to 37.5% of programs.7,8

We incorporated formal POCUS training into our graduate

medical education curriculum, including a precurriculum and

postcurriculum evaluation to monitor effectiveness.

Point-of-care ultrasound curricula in internal medicine pro-

grams follow various models; most are single-session work-

shops or longitudinal sessions which utilize a lecture-based

methodology followed by hands-on delivery.9‐12 Our study

was conducted to determine the effects of a longitudinal,

asynchronous, academic half-day curriculum with flipped-

classroom delivery on POCUS confidence, POCUS utiliza-

tion, changes in clinical management, and image interpret-

ation competency among internal medicine residents.

While longitudinal curricula improve long-term reten-

tion,13 the impact of the flipped-classroom format on con-

fidence, clinical utilization, and changes in management

among residents is unknown.

Flipped-classroom learning is a strategy that has learners com-

plete pre-course materials to focus classroom time on

problem-solving and experiential learning, rather than the trad-

itional lecture format.14 The format is advantageous by maximiz-

ing active learning, involving content through social interaction,

and encouraging hands-on manipulation of materials; consistent

with the educational theory of constructivism.15 Combining this

format with facilitated, small-group workshops amplifies peer col-

laboration and promotes self-efficacy; consistent with the social

cognitive theory.16
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Methods
Setting and Participants

Our Midwestern internal medicine residency program is

university-affiliated with 76 categorical positions. Prior to its

introduction in November 2020, our residency program had

no formal POCUS curriculum. All residents participated in

the new POCUS curriculum, but involvement in the study

was voluntary. Inclusion criteria in the study were an active resi-

dent status in our program and the ability to attend at least one

session. There were no exclusion criteria other than declining to

participate. During the 2020 to 2021 and 2021 to 2022 aca-

demic years, residents participated in our simulation lab with

6 to 8 ultrasound machines available for sessions.

Intervention

The Wright-Patterson Medical Center Institutional Review

Board deemed this study exempt research (Protocol #:

FWP20200013E) involving human subjects in accordance

with 32 CFR 219.104(d)(1) and (2) after performing a

limited review of this study required by 32 CFR

219.111(a)(7). Written consent was obtained from all partici-

pants. We conducted a prospective, before-after cohort study

from November 2020 to November 2021 (academic years

2020-2021 and 2021-2022). The curriculum was implemented

on a continuous basis starting in November 2020 after precur-

riculum assessments were completed. Postcurriculum assess-

ments were completed between 6 and 12 months after the

implementation of the curriculum. This time frame was initially

chosen as a 6-month assessment of the curriculum, then

extended to 12 months to create more opportunities for resi-

dents to complete the postcurriculum assessment. The assess-

ment closest to 12 months was chosen, and duplicates were

not included.

Kern’s 6 steps for curriculum development were used.17 The

identified problem was the absence of a formal POCUS curric-

ulum. Our precurriculum instrument was used as a targeted

needs assessment. The goal of the curriculum was to educate

residents about the level of entrustable professional activity, or

adequate competency for unsupervised execution, regarding

basic POCUS techniques clinically useful to internal medicine

physicians.18 Specific objectives were to identify clinical condi-

tions and pathologies that would benefit most from the use of

POCUS (Supplement 1).

The POCUS curriculum was included as a longitudinal,

asynchronous, flipped-classroom activity with 2 to 3-h work-

shop sessions during an academic half-day that recurs

monthly. It replaced traditional didactic lectures on other

topics in our preexisting academic half-day curriculum.

Residents on certain rotations are exempt from academic half-

days and attendance is not 100%, so participants vary from

month to month. Residents were given a course outline and

objectives at the beginning of the curriculum (Supplement 1).

For preparation prior to a session, residents were given objec-

tives, PowerPoints, and textbook chapters by Soni et al.19

Sessions were split into a large-group image review followed

by small-group (4-5 residents) image acquisition teaching and

practice. At the beginning of each session, residents were

encouraged to obtain important views from previous sessions

to promote retention. Image review was an approximately 20-

to 30-min analysis of pathologic images. Image acquisition

small groups were given a list of recommended views for delib-

erate practice, with the freedom to self-direct according to

comfort and skill level. This hands-on portion was allotted sig-

nificantly more time to align with Kolb’s model of experiential

learning.20 Three to 6 experienced supervisors (ie, pulmonary

and critical care attendings, cardiology attendings and fellows,

chief residents, and the resident curriculum developer) led

small groups and provided direct and immediate feedback.

The 4 POCUS workshop sessions were knobology and cardi-

ology, pulmonary and examination to differentiate shock,

abdominal and renal, and vascular and volume assessment.

Outcomes

Prior to and at the conclusion of the POCUS curriculum, par-

ticipants completed an instrument that assessed confidence and

utilization frequency. Confidence was self-reported on a Likert

scale (1= strongly disagree through 5= strongly agree). The

scale regarded residents’ perceptions of global understanding

of POCUS, then asked perceptions of global understanding

specified by individual POCUS exams (ie, “I have a good

understanding of POCUS in regards to assessing left ventricu-

lar function”). Utilization frequency (self-reported use during

clinical time) was self-reported on a 5-point scale: 1= never,

2= 1 to 2 times per month, 3= 3 to 4 times per month, 4= 5

to 6 times per month, and 5= greater than 6 times per

month. Additionally, 6 multiple-choice questions assessed

interpretation of ultrasound videos. The number of questions

was chosen to optimize the Ottawa criteria component of feasi-

bility.21 Video images were diverse: identification of decreased

left ventricular ejection fraction, normal lung imaging, subcuta-

neous emphysema, cardiac tamponade, normal liver tissue with

normal inferior vena cava collapsibility, and mild hydronephro-

sis. Recognition of these images was chosen at the recommen-

dation of faculty after they were asked for essential skills in

image interpretation, a. The images were open-access and

obtained via https://www.thepocusatlas.com/ and https://

www.coreultrasound.com/. Supplement 2 contains the assess-

ment, with the images as static displays of the videos.

Answers were categorized as correct or incorrect without any

partial points, and image interpretation scores were calculated

as a percentage of correct out of the 6 multiple-choice ques-

tions. The planned use of the assessment was to provide

scores to trainees for their educational benefit. For these
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reasons, we did not perform a reliability analysis on our ultra-

sound interpretation assessment tool.

REDCap, a web application hosted at Wright State

University, was used to collect and manage data.22,23 Pre-

and postcurriculum assessments were linked by an anonymous

identifier. Assessments without an exact matching identifier

were excluded.

Statistical Analysis

Mean or median is reported for continuous variables. Changes

from precurriculum to postcurriculum were analyzed with the

related samples Wilcoxon signed rank test. Pearson r and R2

are reported for the relationship between POCUS sessions

attended and POCUS image assessment score. Inferences

were made at the 0.05 level of significance. Analyses were con-

ducted using IBM SPSS Statistics 25.0 (IBM).

Results
A total of 55 precurriculum and 59 postcurriculum assessments

were completed. After removing duplicates, incomplete assess-

ments, and assessments without linking unique identifiers, 19

records had complete pre- and postcurriculum assessments

available for analysis (19% response rate). Residents were 42%

PGY-1, 37% PGY-2, and 21% PGY-3 and attended a

median of 4 sessions over a mean of 220 days. Only 3 (16%)

residents reported never clinically using POCUS prior to cur-

riculum implementation.

Table 1 shows that participants increased their confidence by

more than one scale point on 3 of 4 items. Especially notable is

the gain from 2.47 to 3.53 (P= .002) on “I have a good under-

standing of point-of-care ultrasound.” The 2 utilization items

increased by a third of a scale point and were not significant.

The 11% gain from 42% to 53% in image interpretation score

was nonsignificant. Figure 1 shows change in confidence and

utilization from precurriculum to postcurriculum by POCUS

exam. Confidence increased significantly for all 9 POCUS

exams while self-reported utilization increased significantly in

2 of 9 exams. Table 2 reports the proportion of residents that

started using POCUS to change clinical management after

the curriculum. Notable exams that were increasingly utilized

to change clinical management were the cardiac exam (pre—
15.8%, post—73.7%; P < .001) and pulmonary/pleural exam

(pre—31.6%, post—68.4%; P= .02). Nonsignificant increases

were seen with volume assessment (pre—26.3%, post—
36.8%; P= .49) and abdominal free fluid (pre—26.3%, post

—47.4%; P= .18) exams. The percentage of residents that

reported ever having changed their clinical management by

POCUS increased from 47% to 84% (P= .02) after the imple-

mentation of the curriculum. The types of exams reported to

change management are described in Table 2. Figure 2 shows

the relationship between the number of POCUS sessions

attended and the postcurriculum POCUS assessment score.

Pearson correlation (r= .549) was significant at P= .018, and

the coefficient of determination was 30%.

Discussion
Our program evaluation produced findings that can be used to

redesign future iterations of internal medicine, asynchronous,

flipped-classroom POCUS curriculum. The precurriculum

instrument found that our residents did not believe their infor-

mal clinical experience with POCUS was adequate nor were

they pleased with their understanding of POCUS. Our

formal curriculum increased resident confidence and self-

reported changes in clinical management by POCUS.

Residents’ attendance was not extensive, a median of 4 educa-

tion sessions, equating to approximately 3 h of image interpret-

ation and 5.5 h of image acquisition. Thus, internal medicine

resident confidence may improve rapidly with a modest

amount of formal curriculum. Lastly, we found that

time-on-task (number of sessions attended) was moderately

correlated with knowledge/skill acquisition (postcurriculum

image interpretation assessment score). The effect of correlation

Table 1. POCUS outcomes for confidence, utilization, and image
interpretation: precurriculum versus postcurriculum.

Outcome

Precurriculum

N=19

Postcurriculum

N=19 Pa

Confidenceb

POCUS is an important skill
for practicing internal medicine
physicians.

4.32 4.74 .08

My current experiences using
point-of-care ultrasound
during clinical practice provide
adequate education.

2.00 3.47 .002

The current point-of-care
ultrasound teaching is an
asset to recruiting quality
applicants to our internal
medicine program.

3.58 4.68 .005

I have a good understanding
of point-of-care ultrasound.

2.47 3.53 .002

Utilization frequencyc

How often have you used
POCUS during clinical
practice?

2.11 2.42 .22

Excluding procedural
guidance, how often has
point-of-care ultrasound
changed your management in
patient care?

1.63 1.95 .11

Image interpretation
assessment score

42% 53% .10

aRelated-samples Wilcoxon signed rank test.
b1= strongly disagree, 5= strongly agree.
c1=never, 2=1 to 2 times per month, 3= 3 to 4 times per month, 4=5 to 6 times
per month, and 5=greater than 6 times per month.
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may have been blunted by prior training and experience, as evi-

denced by the 84% already clinically using POCUS prior to the

curriculum. Still, the demonstrated improvement in confidence

and competency with this longitudinal curriculum agree with pre-

viously demonstrated longitudinal curricula.10 Our findings also

indicate that informal clinical experience in POCUS does not

provide adequate education (participants on average disagreed

that “My current experiences using point-of-care ultrasound

during clinical practice provide adequate education” precurricu-

lum) and emphasizes the importance of formal POCUS curric-

ulum implementation into internal medicine programs. Our

POCUS curriculum notably impacted clinical management for

cardiac and pulmonary/pleural exam and to a lesser extent

volume assessment and abdominal free fluid, suggesting that

these exams should be emphasized in internal medicine curricula

since they proved to be the most clinically useful.

Other specialties have reported beneficial results when

implementing flipped-classroom POCUS curricula.24,25 The

flipped-classroom approach to POCUS education has several

advantages. First, the flipped-classroom allows more time for

image interpretation and image acquisition practice. Second,

the knowledge and skills of experts are optimized by assigning

them to provide small-group instruction and feedback. Third,

learners can choose from a number of formats for self-education

and preparation for POCUS sessions, including PowerPoints,

text/graphic handouts, and web-based instruction. Our experi-

ence suggested residents were inconsistent in completing pre-

session, preparatory materials for our POCUS curriculum.

Unfortunately, we were unable to quantitatively assess preses-

sion preparation. Residents may need to be provided with pro-

tected time to assure adequate preparation for POCUS sessions.

Our study had limitations. First, the study was conducted at

a single internal medicine residency. Thus, generalizability to

other residency programs and specialties should be done with

caution. Second, we could not conduct a randomized controlled

trial since the formal POCUS curriculum was part of the resi-

dency’s educational activities. Consequently, it would have

been unethical to exclude some residents from the experience.

Figure 1. Confidence and utilization pre- and post-curriculum implementation by POCUS exam. N= 19. Related-samples Wilcoxon signed rank test.

Confidence: 1= strongly disagree, 5= strongly agree. Utilization: 1=never, 5=more than 6 times per month.

Table 2. Change in pocus use (clinical management) for exam type after
implementation of pocus curriculum.

Exam type Of residents never using

POCUS exam pre-curriculum, percent

reporting use after the curriculum

Cardiac 75%

Pulmonary/pleural 69%

Volume assessment 36%

Differentiation of shock 12%

Skin and soft tissue infection 0%

Renal 5%

Abdominal free fluid 36%

Vascular/DVT 5%

Note: Percentages calculated using a denominator of residents never using each
POCUS exam prior to the curriculum and a numerator of those residents reporting
use of each POCUS exam after the curriculum. Never-users prior to curriculum
implementation (denominators): cardiac—16, pulmonary/pleural—13, volume
assessment—14, differentiation of shock—17, skin and soft tissue infection—17,
renal—19, abdominal free fluid—14, vascular/DVT—19.
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However, the pre-post evaluation design was an alternative that

limited confounding by making each resident his/her own

control. Our initial design also did not include an a priori

sample size determination. Third, we did not directly assess

resident demographics or prior training in the assessment,

factors which may contribute to perceptions. Though, we

are unaware of any residents in our program with formal

POCUS training outside of the residency curriculum.

Fourth, we used a locally constructed three-part instrument

to assess confidence, utilization frequency, and ultrasound

interpretation. A search of the literature did not identify

assessment measures with substantial validity evidence that

corresponded to our curriculum and that matched our objec-

tives for evaluating the curriculum. Additionally, the best

evidence-based POCUS assessments are logistically challen-

ging, require image acquisitions, and are limited to single clin-

ical areas (cardiac or pulmonary only). Thus, our assessment

was not evaluated for validity or pretested. However, it repre-

sents a low-stakes, formative assessment intended to drive

future learning. Our assessment did not evaluate image acqui-

sition due to concerns that expanding the assessment tool to

meaningfully assess this component of competency would

further limit participation in the study. The assessment also

does not delineate confidence into subcomponents of

POCUS competency (ie, image acquisition, interpretation,

etc). Fifth, the image interpretation assessment was set at an

advanced difficulty level, which may have limited residents’
ability to improve their scores. Sixth, since the frequency of

utilization and changes in clinical management were self-

reported, these outcomes were susceptible to bias. Seventh,

while our study did not assess how increased use of POCUS

impacted patient outcomes, previous literature suggests that

patient outcomes (eg, hospital length of stay) may be

affected.26 Future research should explore the influence of

formal POCUS curricula on patient outcomes.

Finally, with 76 residents in our residency program, we

had hoped for enough voluntary participants for a medium

effect size (ES) to be statistically significant. A medium ES

is .50 as calculated with Cohen’s formula: d=mean differ-

ence for 2 groups/pooled standard deviation.27 With only

19 participants 2 of the 4 outcomes with a medium ES

were not statistically significant (“POCUS is an important

skill for practicing IM physicians” and image interpretation

assessment score). If these 2 outcomes were to maintain

the same mean and standard deviation with 31 participants,

both would have been P < .05. Thus, for adequate statistical

power, future educational studies of POCUS should enroll

at least 35 participants for paired-comparison studies and

70 participants for studies of 2 independent groups (ie, 35

per group).

Conclusion
Implementation of a longitudinal, flipped-classroom, academic

half-day curriculum for POCUS resulted in greater confidence,

increased POCUS utilization for cardiac and pulmonary exam-

inations, and changes in clinical management based on

POCUS.
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