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Abstract
Background: Medium- and long-term skill decay following a single cardiac point-of-care ultrasound
(POCUS) training session remains an educational challenge. Spaced practice may address this issue.
This pilot study investigated whether retraining 2 months after initial training improves medium-term skill
retention among residents and which pre-training competency level benefits most from the retraining
curriculum.

Methods: We enrolled postgraduate year (PGY) -1 and -2 residents at a teaching hospital in a
prospective, single-group, pre-post educational intervention study with blinded outcome assessment.
Participants completed an initial cardiac POCUS curriculum consisting of 2-hour hands-on training and
10-minute supervised retraining 2 months later. Image acquisition skills of 5 cardiac views were
assessed at pre-training, immediately post-training, 2-month post-training, and 4-month post-training
using a validated 10-point scoring system rated by three blinded assessors. Participants’ competency
levels were classified according to the skill test scores as follows: beginner (<5); intermediate (5 to <8);
and advanced (≥8) for post-hoc subgroup analyses. Participants used a hand-held ultrasound (Butterfly
iQ).

Results: All 26 eligible PGYs participated in the study. Mean skill test scores were 6.03 (intermediate
level) at pre-training, 8.69 (advanced level) at immediate post-training, 7.78 (intermediate level) at 2-
month post-training, and 8.05 (advanced level) at 4-month post-training. The mean score differences
were +2.67 points (95% CI, 1.87 to 3.47) from pre-training to immediate post-training, −0.93 points (95%
CI, −1.63 to −0.24) from immediate post-training to 2-month post-training, and +0.20 points (95% CI,
−0.59 to 0.99) from 2- to 4-month post-training. The intermediate pre-training competency level subgroup
did not achieve an advanced level at 4 months, whereas the beginner subgroup did not. The advanced
subgroup maintained an advanced level across all three post-training assessments.

Conclusions: The spaced practice with retraining may mitigate skill decline and enhance medium-term
skill retention. Participants with intermediate pre-training competency level may benefit the most from
this curriculum, whereas those with beginner pre-training competency level may need additional
retraining.

Clinical Trial Registration:

International Clinical Trials Registry Platform (ICTRP), https://trialsearch.who.int JPRN-jRCT1032220488.

BACKGROUND
Training in cardiac point-of-care ultrasound (POCUS) for novice learners is widely implemented across
undergraduate and graduate medical education programs [1–7]. Although numerous studies have
reported the short-term educational benefits of cardiac POCUS curricula, evidence regarding medium- or
long-term skill retention after training remains limited [7,8]. Our previous study investigating medium-
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term skill retention after a single cardiac POCUS training session demonstrated significant skill decay at
two months, highlighting skill decline as an important educational challenge to be addressed [2,3].

In resuscitation training, such as Advanced Cardiac Life Support (ACLS), skill decay over time is also a
significant issue, leading to suboptimal clinical care and poor survival outcomes from cardiac arrests
[9]. Following ACLS training, skills deteriorate after 1 to 6 months without ongoing practice [9].The
American Heart Association (AHA) suggests that the massed approach with a single training session
should be replaced or supplemented with spaced practice incorporating interval retraining [9].

Informed by the AHA-advocated educational strategies and existing evidence of skill decay in cardiac
ultrasound skills [2,4,10], we developed a cardiac POCUS curriculum incorporating spaced practice. In
this curriculum, learners receive an initial 2-hour hands-on training session followed by a brief retraining
two months later.

In this pilot study, we investigated whether this spaced practice curriculum would mitigate skill decay.
We hypothesized that a retraining session conducted 2 months after initial training would maintain
postgraduate year (PGY) -1 and -2 residents’ acquired skills at 4 months post-initial training. Additionally,
we explored which participants would benefit most from the curriculum according to pre-training
competency level using a post-hoc subgroup analysis.

METHODS
Design

This was a prospective, single-group, pre-post educational intervention study with blinded outcome
assessment. This study was approved by the institutional review board of Kameda Medical Center
(Protocol number: 22-018) and registered in the International Clinical Trials Registry Platform (Identifier:
JPRN-jRCT1032220488). All participants provided informed consent, and all data were de-identified after
collection. No incentives or reimbursements were provided to participants. We carried out this study in
accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). This
manuscript adheres to the Guideline for Reporting Evidence-based Practice Educational Interventions
and Teaching (GREET) with the GREET checklist (Supplementary Appendix 1) [11].

Participants and Setting

All PGY-1 and -2 residents at a teaching hospital in Japan were eligible for the study. We recruited
participants through institutional e-mail and word of mouth. This study was conducted between April
2021 and March 2023.

Definition of PGY-1 and -2 residents:

In Japan, after graduating from medical school, physicians complete a mandatory 2-year rotating
postgraduate clinical training program before entering specialty residency training. Participants were
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PGY-1 and -2 residents in this program.

Cardiac POCUS Curriculum

The goal of the curriculum was for participants to independently acquire 5 basic cardiac POCUS views in
a healthy volunteer. The curriculum timeline is in Figure 1. At the start of the curriculum, participants
completed a 5-view image acquisition skill test, a knowledge test (Supplementary Appendix 2), and a
questionnaire for baseline assessment. The curriculum consisted of pre-training self-study using an
online module, hands-on training, and supervised retraining 2 months after initial training. Participants
completed the same 5-view image acquisition skill test immediately after training and at 2 and 4 months
post-training to assess skill retention. The 5 cardiac POCUS views were the parasternal long-axis (PLAX),
papillary muscle level of the parasternal short-axis (PSAX), the apical 4-chamber (A4C), the subcostal 4-
chamber (S4C), and the subcostal inferior vena cava (SIVC) views. The 5 views selected were based on
previous cardiac POCUS training studies [12–14]. Participants used a portable ultrasound system (CX50;
Philips Healthcare, Andover, MA, USA) equipped with a phased-array transducer for practice and a hand-
held ultrasound (HHU) device (Butterfly iQ; Butterfly Network, Inc., Guilford, CT, USA) with a 9.7-inch
tablet display for both practice and skill testing. We used our previously published cardiac POCUS
curriculum framework [2,3] and modified it by integrating brief retraining 2 months after initial training.

Pre-training online module:

We utilized two online modules as the pre-training didactic: the American Society of Echocardiography
(ASE) online module titled “Cardiovascular Point-of-Care Imaging for the Medical Student and Novice
User” (https://aselearninghub.org/) and an online module on the 5-view image acquisition technique
created for our previously published curriculum (https://youtu.be/3PfRzsYjKQg?si=H9E5rjoJsWa4epdK)
[2,15].

Initial hands-on training session: The trainee-to-instructor ratio was 2:1 or 3:1. One instructor (SJ)
delivered a 30-minute interactive lecture using presentation slides and a life-size model heart (Cardiac
POCUS lecture; Supplementary Table 1). Following the lecture, participants engaged in 90-minute
supervised, hands-on training of the 5-view image acquisition using the HeartWorks® transthoracic
echocardiography simulator (Inventive Medical, Ltd., London, United Kingdom) and a thin, healthy male
volunteer (170 cm, 65 kg). The instructor provided real-time feedback during the training. Participants
deliberately practiced until the instructor confirmed acquisition of each of the 5 images with clinically
acceptable image quality. Image acquisition instruction was designed with reference to the ASE
guidelines [16] and a point-of-care ultrasound textbook [17] (Supplementary Table 2).

Retraining session:

Two months after the initial training, participants individually completed a recorded 5-view acquisition
skills test (2-month post-training skill test). Immediately afterward, they participated in a 10-minute one-
to-one retraining session during which the same instructor (SJ) provided direct feedback on their
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recorded videos. Using the same healthy volunteer, participants then underwent supervised, hands-on
retraining in a one-to-one format until they were able to acquire all 5 views with clinically acceptable
image quality (Figure 1).

We designed this retraining session based on educational principles for effective learning and skill
retention, including feedback, deliberate practice, mastery learning, and individualized learning [9,18]. We
selected the 10-minute duration to enhance feasibility within a busy PGY curriculum with limited faculty
time. The 2-month retraining interval was selected based on our previous findings, which demonstrated
the need for retraining at 2 months [2] and the AHA scientific statement on educational strategies, which
advocates retraining within 1–6 months after initial training [9]. We chose the 1:1 trainee-to-instructor
ratio to facilitate follow-up scheduling for participants. We used the recorded skill test videos to tailor the
retraining to each participant’s performance based on the principle of individualized learning [9,18].

Skill Test Scoring System

The scoring system was designed to assess the image quality of the 5 views for rapid bedside cardiac
assessment, not for a formal diagnostic comprehensive echocardiography examination.

Skill test: We assessed image acquisition skills at 4 junctures: pre-, immediate post-, 2-month post-, and
4-month post-training. In this manuscript, “post-training” refers to the period after the initial training
session. Participants completed the 2-month post-training skill test immediately before the retraining
session (Figure 1). During skill testing, participants independently demonstrated the 5 cardiac POCUS
views on the same healthy volunteer as in the hands-on training. A demonstration of the skill test is
available online (https://youtu.be/9KOO_vdNf-c?si=8QgFi38aQqr1sFzP; one of the authors [JJL] is
shown acting as a participant). Participants were given 2 minutes to acquire each view, for a total of 10
minutes for 5 views. Once the participants found their “best” view, they pressed the record button on the
tablet for a 5-second recording. Participants were allowed to record a maximum of 2 recordings for each
view, and selected a single recording for evaluation. We utilized the Butterfly iQ application predefined
cardiac ultrasound preset for gain and other imaging parameters [19]. We preset the imaging depth to 16
cm for PLAX and PSAX, 18 cm for A4C, and 20 cm for S4C and SIVC. The healthy volunteer was in the
left decubitus position for PLAX, PSAX, and A4C, and the supine position with bent knees for S4C and
SIVC. The healthy volunteer controlled his respiratory rate at 6 per minute and held his breath for 5
seconds when the view recording started.

10-point maximum scoring system:

The 10-point maximum skill test scoring system rated the 5 views; each view received a score ranging
from 0 to 2 points (Supplementary Table 3). Each view was assessed as excellent (2 points), acceptable
(1 point), or poor (0 points) for cardiac POCUS use. The scores from 5 views were summed for a 10-point
maximum test score. Excellent quality reference images and videos of the 5 views on the healthy
volunteer are in Supplementary Figure 1A and online (https://youtu.be/DrPp2C7ET8c?si=e-
3wH8r67_CMz2mj). Examples of acceptable and poor quality images and videos are in Supplementary
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Figures 1B, 1C, and online (https://youtu.be/fCuYUNW87XY?si=KDAOf4I5zoFuUrRM,
https://youtu.be/25wj2ml51Pk?si=FbU5OpXfLpgDN3QO). After removing identifying information,
including test timing, from the skill test recordings, we stored the de-identified recordings in an electronic
database and arranged them in randomized order using random number generation in Microsoft Excel
(Microsoft Corp., Redmond, WA, USA) for blinded assessment. Three cardiologists, serving as
independent blinded raters (KK, AK, and MI), scored image quality using the scoring system, and the
average of the scores from the 3 raters was then utilized as a representative score. We classified
participants’ pre-training competency levels according to skill test scores as follows: beginner (<5);
intermediate (5 to <8); and advanced (≥8) for post-hoc analyses [2,3].

Validity evidence of skill test scoring system:

We gathered validity evidence of the scoring system in our previous study. Among the three raters, the
interrater reliability was excellent (intraclass correlation coefficient [ICC], 0.93; 95% CI, 0.76 to 0.97) [2],
and test-retest reliability was excellent (ICC, 0.97; 95% CI, 0.63 to 0.99) [3]. In addition, the discriminatory
ability between advanced beginner (PGY-1 and -2) and expert echocardiographers was outstanding (area
under the receiver operating characteristic curve [AUC], 0.99; 95% CI, 0.97–1.00) [2].

Outcome Measures
We measured the following skill test score differences and corresponding competency level changes:
[i]–[ⅳ].

[ⅰ] from pre-training to immediate post-training, [ⅱ] from immediate post-training to 2-month post-training,
[ⅲ] from 2-month post-training to 4-month post-training, and [ⅳ] from immediate post-training to 4-month
post-training.

Subgroup analysis (post-hoc): Based on pre-training competency levels of beginner, intermediate, and
advanced, we performed subgroup analyses to investigate which subgroups benefited in terms of skill
retention from this curriculum.

Questionnaire: Pre- and post-training questionnaires on confidence in 5-view image acquisition and post-
training curriculum satisfaction were administered (Supplementary Appendix 3).

Sample Size Calculation

There were no prior studies evaluating skill retention at 4 months after initial training to inform a formal
sample size calculation. In the absence of such studies, a minimum sample size of 12 participants has
been recommended for pilot studies [20]. Therefore, this pilot study included all 26 eligible participants
in 2021, exceeding the recommended minimum. Including all eligible participants within a single year
also ensured equal access to the retraining opportunity from an educational ethics perspective and
strengthened internal validity.

Statistical Analysis
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All statistical analyses were performed using GraphPad Prism version 11.0.1 for Windows (GraphPad
Software, Boston, MA, USA). Mean differences (MDs) between assessments were calculated using a
mixed-effects model and presented as MDs with 95% confidence intervals (CIs). As this was a
hypothesis-generating pilot study, no correction for multiple comparisons was applied. Intraclass
correlation coefficient (ICC) estimates and their 95% CIs were calculated based on a mean rating (k = 3),
consistency and absolute agreement, and two-way random-effects model for interrater reliability. We
interpreted the values according to the ICC reporting guidelines (ICC <0.5 = poor, 0.5–0.75 = moderate,
0.75–0.9 = good, and >0.9 = excellent) [21].

RESULTS
Participant Characteristics

All 26 eligible PGY-1 and -2 residents participated in the study, and completed the pre-training skill test,
hands-on training session, and immediate post-training skill test. Twenty-four participants (92%)
completed the 2-month post-training skill test and underwent retraining, and 25 participants (96%)
completed the 4-month post-training skill test (Figure 1). Participant characteristics and previous cardiac
ultrasound training experience are in Table 1. Mean skill test scores with median and individual scores
are shown in Figure 2. Breakdown of skill test scores for the 5 views are summarized in Table 2. All
training sessions were delivered according to the predefined curriculum framework.

Skill Test Score Differences and Corresponding Competency Level Changes

The score differences and corresponding level changes are described below ([i]–[iv]) and illustrated in
Figure 2.

[ⅰ] From pre-training to immediate post-training, the mean score difference was +2.67 points (95% CI,
1.87 to 3.47), and the corresponding competency level change was from intermediate (mean score 6.03)
to advanced (mean score 8.69).

[ⅱ] From immediate post-training to 2-month post-training, the mean score difference was −0.93 points
(95% CI, −1.63 to −0.24), and the corresponding competency level change was from advanced (mean
score 8.69) to intermediate (mean score 7.78).

[ⅲ] From 2-month post-training to 4-month post-training, the mean score difference was +0.20 points
(95% CI, −0.59 to 0.99), and the corresponding competency level change was from intermediate (mean
score 7.78) to advanced (mean score 8.05).

[ⅳ] From immediate post-training to 4-month post-training, the mean score difference was −0.61 points
(95% CI, −1.17 to −0.06), and the corresponding competency level change was from advanced (mean
score 8.69) to advanced (mean score 8.05).

Subgroup analysis (post-hoc):
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Mean skill test scores for the three pre-training competency subgroups are shown in Supplementary
Figure 2.

The beginner subgroup changed to advanced immediately after training and to intermediate at 2 and 4
months. The intermediate subgroup changed to advanced immediately after training, to intermediate at 2
months, and to advanced at 4 months. The advanced subgroup did not change across all three post-
training assessments.

Interrater Reliability of the Skill Test Scoring System

Interrater reliability of the skill test scoring system was assessed using all 101 skill test scores from the
26 participants. It was good for consistency (ICC, 0.86; 95% CI, 0.81–0.91) and moderate for absolute
agreement (ICC, 0.73; 95% CI, 0.30–0.87).

DISCUSSION
This pilot study suggests two educationally important observations. First, the spaced practice cardiac
POCUS curriculum may mitigate skill decline and enhance medium-term skill retention, and second,
participants with an intermediate pre-training competency level (intermediate-level participants) may
benefit most from this curriculum.

First, the spaced practice cardiac POCUS curriculum with a single brief retraining session may mitigate
skill decline and enhance medium-term skill retention up to 4 months after initial training. This
observation parallels the concept of booster training in ACLS education, where periodic refreshers are
recommended to counteract rapid skill deterioration [9]. Our data extend this educational principle to
cardiac POCUS training, showing that retraining sessions may play a critical role in maintaining
psychomotor skills. A recent systematic review of POCUS competency retention reported that
ultrasound skill decay is most pronounced in image acquisition within 1–12 months, while repeated
hands-on practice and simulation-based training would be solutions for improving long-term retention
[5]. Our pilot study may address the gap identified in the systematic review, as our curriculum integrated
both repeated practice and echocardiography simulator training and demonstrated medium-term skill
retention.

Second, the subgroup analysis by pre-training competency level revealed distinct patterns of skill
acquisition and retention. The intermediate pre-training competency level subgroup improved to
advanced immediately after training, declined to intermediate at 2 months, and then successfully
returned to advanced at 4 months. These findings suggest that this cohort may benefit most from a
single retraining curriculum. In contrast, the beginner pre-training competency level subgroup was unable
to return to advanced at 4 months after declining at 2 months, suggesting that this cohort may require
modifications to the instructional design, such as an additional retraining session. The advanced pre-
training competency level subgroup maintained their skills at all assessments, indicating that this cohort
may derive limited benefit from basic image acquisition training and may instead require a more
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advanced program. Setting the appropriate level of curricular difficulty tailored to each learner is
essential for optimizing learning effectiveness and efficiency [22]. Learning is most effective when
trainees begin at an appropriate level relative to their prior knowledge and skills. Previously, most
learners started at the beginner level because cardiac POCUS was relatively novel outside cardiology
training [23,24]. However, as cardiac POCUS curricula have become more widespread, baseline skill
levels among postgraduate trainees have become increasingly heterogeneous, necessitating tailored
curricula to match learners’ varying competency levels. Thus, traditional one-size-fits-all curricula may no
longer be sufficient.

Educational Theory of Spaced Practice

The educational theory of spaced practice was first described in 1985 [25]. The spacing effect occurs
when distributed practice over time leads to more effective consolidation and long-term retention than
massed practice. Although the exact mechanisms underlying the spacing effect remain unclear, it is
thought to enhance learning by promoting repeated retrieval of stored information and encouraging
deeper cognitive elaboration [9]. According to the study-phase retrieval theory [26], repeated practice
after an initial learning session, when performed after a certain interval, requires retrieval of the
information from another part of the brain. This process facilitates elaboration of learning and promotes
deeper processing into long-term memory. In contrast, massed practice involves repetition within a short
interval, when the information from the initial learning is still active and readily accessible. Because it
does not require retrieval from another location in the brain, massed practice requires less cognitive
effort regarding retrieval and results in limited consolidation of the information into memory. In the
present study, the retraining session may have facilitated consolidation of acquired ultrasound skills
through retrieval of information from the initial training.

Limitations

First, this study did not include a control group without retraining. Therefore, we could not assess skill
decline in the absence of retraining and thus could not compare skill test scores between curricula with
and without retraining. However, numerous previous studies have demonstrated that medical skills,
including ultrasound skills, decline over time without retraining [2,4,5,10]. Based on this existing
evidence, we adopted a single-arm intervention design.

Second, we did not collect data on participants’ clinical experience with cardiac POCUS between
assessment time points. The frequency and duration of cardiac POCUS use between training sessions
may have influenced the results. We plan to collect and analyze these data in a future study.

Third, all training sessions were delivered by a single instructor, which may limit the generalizability and
reproducibility of this curriculum across different educators. Instructor-specific teaching style and
feedback quality may have influenced skill retention. However, this approach may have ensured
consistency in the educational intervention and minimized heterogeneity attributable to differences
among instructors.
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 Finally, participants practiced and underwent skill assessment using a single thin, healthy male
volunteer. Therefore, we did not assess skill retention across a wider variety of patients, including
patients with obesity or cardiac and pulmonary dysfunction. However, the primary focus of this study
was to assess how PGY residents acquire and maintain image acquisition skills with retraining under
standardized conditions, rather than curriculum effectiveness across diverse patient populations.

CONCLUSIONS
This pilot study suggests that a spaced practice cardiac POCUS curriculum incorporating a single brief
retraining session may mitigate skill decline and support medium-term retention of image acquisition
skills up to 4 months after initial training. The findings also indicate that participants with intermediate
pre-training competency level may derive the greatest benefit from a single retraining session, whereas
those with beginner level may require additional reinforcement and those with advanced level may
benefit from more advanced instructional content. Larger cohort studies with longer follow-up (at least 1
year) are warranted to confirm these findings and to determine the optimal retraining strategy for durable
skill retention.

ABBREVIATIONS
A4C = apical 4-chamber view; ACLS = advanced cardiac life support; AHA = American Heart Association;
ASE = American Society of Echocardiography; GREET = Guideline for Reporting Evidence-Based Practice
Educational Interventions and Teaching; HHU = hand-held ultrasound; ICC = intraclass correlation
coefficient; PGY = postgraduate year; PLAX = parasternal long-axis view; POCUS = point-of-care
ultrasound; PSAX = parasternal short-axis view; S4C = subcostal 4-chamber view; SIVC = subcostal
inferior vena cava view; TTE = transthoracic echocardiography
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Table 1. Participant Characteristics and Previous Ultrasound Experience

All participants (n = 26)

PGY-1/PGY-2 20 (77%) / 6 (23%)

Age (years) 26.5 ± 3.0

Female/Male 6 (23%) / 20 (77%)

Left hand dominant 3 (12%)

Pre-training skill test score (10-point maximum) 6.03 ± 2.04

Pre-training knowledge test score (40-point maximum)  34.1 ± 5.1

First-choice residency program Family medicine

General surgery

Cardiology

Pediatrics

Anesthesiology

Others

5 (19%)

3 (12%)

3 (12%)

3 (12%)

2 (8%)

10 (38%)

Previous ultrasound training experience

       Structured ultrasound hands-on training or lecture 2 (8%)

       Cardiac ultrasound on patients 0 cases

1-4 cases

5-10 cases

>10 cases

1 (4%)

7 (27%)

5 (19%)

13 (50%)

       Cardiac ultrasound on healthy volunteers 11 (42%)

       Cardiac ultrasound on simulators 10 (38%)

       Experience using HHU (Butterfly iQ) 17 (65%)

Data are presented as mean ± SD or n (%)

HHU = hand-held ultrasound; PGY = postgraduate year.
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Table 2. Mean skill test scores and breakdown scores for 5 cardiac POCUS views

　 Pre-training Immediate post-training 2-month post-training 4-month
post-
training

Skill test score* 6.03 ± 2.04 8.69 ± 0.84 7.78 ± 1.60 8.05 ±
1.34

PLAX score† 1.18 ± 0.89 1.59 ± 0.61 1.50 ± 0.65 1.39 ±
0.80

PSAX score† 0.91 ± 0.84 1.76 ± 0.51 1.38 ± 0.78 1.45 ±
0.74

A4C score† 1.05 ± 0.94 1.71 ± 0.61 1.68 ± 0.62 1.68 ±
0.62

S4C score† 1.62 ± 0.71 1.81 ± 0.43 1.61 ± 0.62 1.76 ±
0.59

SIVC score† 1.28 ± 0.94 1.83 ± 0.52 1.61 ± 0.74 1.77 ±
0.63

A4C = apical 4-chamber view; PLAX = parasternal long-axis view; POCUS = point-of-care ultrasound;
PSAX = papillary muscle level of parasternal short-axis view; SIVC = subcostal inferior vena cava view;
S4C = subcostal 4-chamber view.

Data are presented as mean ± SD.

*10-point maximum score, †2-point maximum score.

The 2-point maximum scores for each of the 5 cardiac POCUS views are added for the 10-point
maximum skill test score.
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Figure 1

See image above for figure legend.
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Figure 2

See image above for figure legend.
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