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Abstract 

Introduction Abdominal pain is a leading cause of primary care visits and emergency department admissions. The 
recent surge in the implementation of point-of-care ultrasound into primary care underscores the necessity for spe-
cialized training to enhance the expertise of primary care physicians and foster a positive attitude toward its routine 
use in clinical activities.

Methods This prospective cohort study, conducted between March and August 2023 at Ben Gurion University, intro-
duced an integrative abdominal ultrasound program for 48 participating primary care physicians with no prior formal 
experience in abdominal ultrasound. Physicians’ knowledge, practical skills, and attitudes towards abdominal ultra-
sound integration were evaluated using a pre/post-course clips-based pathology test, a hands-on exam immediately 
following the course, and a survey conducted ten weeks later.

Results Post-course evaluations showed an improvement in primary care physicians’ proficiency with hands-on skills, 
increasing from 26 to 69% (p < 0.001), with increased comfort using abdominal ultrasound (from 0 to 42%, p < 0.001) 
and enhanced understanding of its capabilities and limitations (from 0 to 58%, p < 0.001). Pattern recognition skills, 
assessed through clips, presented a notable rise from an average of 26% to 69% (p < 0.001). Ten weeks follow-
ing the training, an increase in its utilization was observed; weekly usage rose from zero to 44%, and the proportion 
not using it declined from 94 to 19% (p < 0.001, p < 0.001, respectively).

Conclusions An integrative two-day training program increases the application of abdominal bedside ultrasound 
in clinical settings, demonstrating the effectiveness of combining practical training with flexible, theoretical learning.
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Introduction
Abdominal pain is a common complaint in primary 
care and accounts for the fifth most frequent reason 
for primary care visits [1–3] and 10% of all emergency 
department admissions [1, 3–5]. In roughly one-third of 
abdominal pain cases treated in community settings, the 
exact cause of the abdominal pain remains unidentified, 
underscoring the diagnostic challenges encountered by 
primary care physicians (PCP) [4].

The assessment of abdominal pain is based on patient 
history and physical examination, focusing on distin-
guishing acute from chronic symptoms [5–7]. The con-
ventional approach to abdominal examination often falls 
short of accurately diagnosing various conditions, includ-
ing renal and hepatobiliary morbidities as well as ascites 
[5–7]. This challenge underscores the need for more 
reliable diagnostic tools in clinical settings. While com-
puted tomography (CT) remains the gold standard for 
diagnosing various abdominal issues, its limited immedi-
ate availability poses a significant challenge, particularly 
in community and rural healthcare settings [4, 8]. In this 
context, the emergence of abdominal ultrasound (AUS) 
presents a promising alternative.

AUS offers a portable, accessible, and user-friendly 
option for bedside diagnosis. Its effectiveness in iden-
tifying a spectrum of abdominal conditions has been 
increasingly recognized [9]. Notably, AUS has dem-
onstrated efficacy in diagnosing acute conditions such 
as cholecystitis and renal colic and in identifying criti-
cal signs like free fluid [10]. This suggests its potential 
as a valuable tool in enhancing diagnostic accuracy and 
patient care in various medical settings.

Previous studies indicate that physicians consider 
point-of-care ultrasound (POCUS) user-friendly and 
time-efficient with short training periods, prompting 
organizations such as the American Academy of Family 
Physicians to include it in residency curriculum guide-
lines for primary care [11, 12]. However, as of 2014–
2019, POCUS teaching programs remain insufficient, 
with only 53% of family medicine residencies incor-
porating POCUS curricula [13], while others reported 
PCPs’reluctance to adopt the modality [8]. The limited 
research on establishing and evaluating the effectiveness 
of focused AUS techniques in community settings under-
scores the need for more comprehensive training to inte-
grate them into initial patient encounters [14, 15].

This prospective cohort study implemented a stream-
lined, innovative AUS training program, previously 
proven effective in lung ultrasound, to support con-
tinuous professional development among primary care 
physicians [16]. The curriculum was structured using 
Peyton’s Four-Step Approach, a well-established instruc-
tional method for teaching POCUS [17–21] along with a 

recognized six-step framework for acquiring procedural 
skills [22]. Peyton’s method consists of: 1) Demonstra-
tion—where the instructor performs the skill at a nor-
mal pace without commentary; 2) Deconstruction—the 
instructor repeats the procedure while explaining all nec-
essary sub-steps; 3) Comprehension—the student guides 
the instructor through the steps to reinforce understand-
ing; and 4) Performance—the student independently 
executes the skill. Our evaluation of the course’s effec-
tiveness focused on two key aspects: first, the enhance-
ment of participants’ hands-on skills and competence in 
identifying abdominal pathologies using POCUS, and 
second, the shifts in primary care physicians’ attitudes 
toward integrating AUS into their daily practice.

Methods
This prospective cohort feasibility study was cunducted 
at Ben Gurion University Medical Simulation Center, 
southren Israel, and with the approval of the university’s 
ethics board committee (reference number 15–2022). 
The sessions were led by an ICU physician with 15 years 
of POCUS experience and a radiologist specializing in 
abdominal ultrasound, supported by teaching assistants 
with at least three years of experience. Data gathering 
was carried out from March to August 2023. This pro-
spective cohort feasibility study followed the DoCTRINE 
guidelines to report innovations in education [23].

Goals of the curriculum
The study aimed to assess the practicality and effective-
ness of training PCPs to perform and interpret essential 
AUS scans through an 11-h ultrasound course using the 
Venue Go™ POCUS device. The primary objective was 
to evaluate the impact of the course on PCPs’perceptions 
of its real-world utility, while the secondary goal was to 
assess their ability to distinguish normal from pathologi-
cal POCUS images and perform AUS scans proficiently.

Target population of learners
48 attending and resident PCPs affiliated with Israel’s 
largest Health Maintenance Organizations (HMOs), 
Maccabi and Clalit, serving over 75% of the nation’s pop-
ulation [24] participated in an abdominal POCUS train-
ing program. Before this training, the participating PCPs 
had not received any abdominal POCUS training. Their 
involvement in the study was voluntary, contingent upon 
providing written informed consent. The performance 
outcomes were kept confidential and not shared with any 
supervisory entities, precluding any influence on PCP’s 
professional assessment.
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Outcome‑based learning objectives
The AUS program had four key learning objectives, eval-
uated immediately after the course and 10 weeks later 
(Fig.  1). First, it aimed to develop PCPs’proficiency in 
performing high-quality AUS exams for clinical decision-
making. Second, it focused on interpreting AUS clips to 
differentiate normal from pathological conditions like 
hydronephrosis, nephrolithiasis, renal cysts, gallbladder 
stones, cholecystitis, choledocholithiasis, biliary obstruc-
tion, and abdominal aortic aneurysm/dissection. Third, it 
aimed to enhance diagnostic competence in abdominal 
pathologies. Finally, the program assessed the impact on 
PCPs’confidence and willingness to incorporate AUS into 
their practice.

Curriculum implementation
Instructional setting and resources for curriculum delivery
To prepare for the practical workshops, the participants 
received eight recorded lectures, totaling five hours. 
Two lectures addressed POCUS principles and technol-
ogy, while six others focused on its use in diagnosing 
abdominal pathologies. (Appendix S1 presents the course 

syllabus). The hands-on sessions were conducted in small 
groups of five PCPs, utilizing the 3D Simbionix US Men-
tor Systems (Ultrasound Mentor | Simbionix, Fig. 2 [25]) 
and live-patient models using the Venue Go™ by Ge 
Healthcare.

Description of instructional method
Preparatory lectures
Before the hands-on workshops, the PCPs engaged with 
two pre-recorded lectures, cumulatively lasting 1.1 h, 
covering the “Introduction to Ultrasound” and “Princi-
ples of Ultrasound Technology” (Appendix S1).

Hands‑on practice
Following the lectures, PCPs had six hours of guided 
hands-on training led by an intensive care physician with 
15 years of experience in clinical POCUS (divided into 
two sections of three hours each, Fig. 1). PCPs practiced 
image acquisition utilizing standard ultrasound devices 
(Venue Go™ by Ge Healthcare) on healthy models. The 
PCPs were instructed in executing subtle transducer 
movements and mastering three fundamental techniques 

Fig. 1 Training Timeline. This chart outlines the abdominal ultrasound training sequence, starting with pre-course assessments, the first hands-on 
practice, a 2-week in-clinic practice and recorded lectures phase, post-course assessment during the second hands-on practice, and a final 
evaluation after ten weeks
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(alignment, rotation, and tilt) to optimize image quality 
for each view.

AUS pathology lectures
Following the first hands-on workshop, participants 
were instructed to review six recorded lectures focused 
on POCUS’s application for diagnosing abdominal 
pathologies before the second workshop (Lecture Syl-
labi-Appendix S1, lecture recordings would be available 
upon request). Lecture topics were as follows: Abdominal 
examination and diagnosis using AUS and AUS scan per 
organ: liver, gallbladder, pancreas, spleen, kidneys, blad-
der, and abdominal aorta.

On‑the‑job training
PCPs were encouraged to integrate ultrasound image 
acquisition into their routine clinical activities between 
training sessions. This practice was voluntary, with no set 
requirement for practice hours. An inclusion criterion of 
the study ensured all PCPs had access to a device for indi-
vidual practice in the clinic, but the independent practice 
was not tracked.

Methods to evaluate achievement of outcome‑based 
learning objectives
Pre‑course assessment
An assessment was conducted before the course to 
gauge the proficiency and perceptions of PCPs regard-
ing POCUS. A subset of 13 (27%) PCPs, randomly cho-
sen, participated in a hands-on technical evaluation in 
abdominal POCUS using human models. Each partici-
pant was asked to demonstrate three AUS views on a 
human model. A POCUS expert, blinded to whether 
the demonstration was pre or post-course, reviewed 
these demonstrations, classifying them as correct or 
incorrect (Appendix S2). Additionally, to evaluate the 
PCPs’perceptions and usage of POCUS, a Likert scale 
questionnaire of 11 statements adapted from a previ-
ously validated study (Cronbach’s alpha = 0.84) was 
administered [26]. (Appendix S3) An eight-question 
AUS pathology identification test was also designed to 
assess the PCPs’skill in distinguishing between normal 
and pathological AUS images (Appendix S5) [26]. The 
clips-based assessments were uploaded to a cloud with 
an appropriate blinded coding system for both pre- and 
post-course evaluations.

Fig. 2 Ultrasound Mentor | Simbionix, Abdominal Module. This figure presents a series of ultrasound images alongside corresponding 3D 
anatomical models. Top left: Gallstones and gallbladder sludge depicted in an ultrasound image with a visual guide to the gallbladder anatomy. 
Top right: Hydronephrosis shown in ultrasound with a 3D model illustrating renal pelvis dilation. Bottom left: Anatomy labeling task featuring 
an ultrasound image of the portal vein (Port.V), inferior vena cava (IVC), and diaphragm, accompanied by a 3D anatomical representation. Bottom 
right: Kidney stones identified in an ultrasound image with a corresponding 3D kidney model, highlighting the location of the scan in real life
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Immediate post‑course physiology and pathology 
assessment
PCPs underwent two examinations after the training. The 
abdominal pathology identification test mirrored the pre-
course assessment (Appendix S5), evaluating their capac-
ity to differentiate between normal and pathological AUS 
scans. As in the pre-course assessment, evaluators were 
blinded to whether the test originated from the pre- or 
post-course, with all clips uploaded to a cloud platform 
using a coded system. The second test involved a hands-
on ultrasound examination of human models, assessed 
by a POCUS expert, blinded to the pre/post status who 
categorized the results as either correct or incorrect (cri-
teria outlined in Appendix S2).

Ten‑week post‑course PCP’s perceptions of abdominal POCUS 
questionnaire
All physicians who participated in the 2023 POCUS 
courses received an identical 11-statement questionnaire, 
mirroring the pre-course assessment (Appendix S3, S4). 
Participants rated their agreement with each statement 
on a Likert scale of 0 to 4 or 5. The questionnaire assessed 
physicians’views on integrating abdominal POCUS into 
practice, focusing on its potential to improve diagno-
sis speed, accuracy, decision-making, and patient care. 
Administered online 10 weeks after course completion, it 
evaluated the course’s lasting impact on ultrasound use 
and perceptions.

Statistical analysis
Descriptive statistics were calculated to summarize the 
sample characteristics. The McNemar test, paired t-test, 
and Wilcoxon signed-rank test were utilized to compare 
pre-and post-tests and questionnaire results. The analy-
sis covered the entire participant cohort, with no missing 
data. The Shapiro–Wilk test was employed to evaluate 
the normality of the variable distributions. Variables with 
skewed distributions were reported as medians (IQR), 
while normally distributed variables were shown as 
means (SD). To further assess the magnitude of changes, 
we calculated effect sizes: Cohen’s d for continuous vari-
ables, odds ratios for dichotomous data, and rank-biserial 
correlations (r) for ordinal items. The reliability of the 
questionnaires was assessed using Cronbach’s alpha (α 
= 0.895). A priori power analysis assumed α = 0.05, with 
80% of participants not using AUS before the course and 
30% after, based on prior research and teaching experi-
ence with AUS in professional development programs. 
This analysis indicated that a sample of 30 participants 
would provide 80% power to detect a 40% change in 
AUS utilization from pre- to post-course. Furthermore, 
prior analysis with a group of primary care physicians 

evaluating lung ultrasound using similar teaching meth-
ods demonstrated that a sample size of 50 participants 
was sufficient to capture the training effect [16]. The 
study was sufficiently powered based on these param-
eters. All statistical analyses were conducted at a signifi-
cance level of α = 0.05 (two-sided) using R Studio 4.4.0.

Results
The training included 48 resident and attending primary 
care physicians (PCPs), with a balanced representation 
from Israel’s two leading Health Maintenance Organiza-
tions: Maccabi (54%) and Clalit (46%). The participants 
had an average age of 40.52 (SD 9.45) years, demonstrated 
a well-distributed sex representation, and included 69% 
Attending Physicians and 31% Resident Physicians. While 
the hands-on test was conducted on a random sample of 
participants due to logistical constraints, complete data 
were collected for all other measures in both pre- and 
post-course assessments. Comprehensive details of these 
baseline characteristics are presented in Table 1.

Abdominal POCUS physiology and pathology assessment
Hands‑On AUS proficiency assessment
The hands-on proficiency of PCPs in AUS was evaluated 
at pre- (T1) and post- (T2). At T1, a subset of 13 (27%) 
randomly selected participants demonstrated minimal 
competency with a mean score of 8% (SD 15%). Follow-
ing the course (T2), an improvement was observed with a 
mean score of 74% (SD 29%) (p < 0.001, Cohen’s d = 3.66 
[2.04, 5.26]).

Clips‑based assessment
PCPs took a pre-course 8-item abdominal identification 
test based on AUS clips (Fig. 3). Comparing pre (T1) and 
post (T2) performance reveals substantial skill enhance-
ments (Table 2). Ability to identify transducer placement 
on patient images improved significantly: recognizing 
Morrison’s pouch placement increased from 35 to 83% 
(p < 0.001, OR = 12.5 [2.96, 52.77]), and positioning for 

Table 1 Background characteristics

Variable Statistic

Health Maintenance Organization, n (%)

Clalit 22/48 (46%)

Maccabi 26/48 (54%)

Sex, Female, n (%) 23/48 (48%)

Age, Mean (SD) 40.52 (9.45)

Experience, n (%)

Attending Physician 33/48 (69%)

Resident Physician 15/48 (31%)
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abdominal vasculature—including inferior vena cava, 
abdominal aorta, mesenteric vessels—rose from 25 to 
63% (p < 0.001, OR = 4.6 [1.75, 12.1]). Recognizing a 
physiologic bladder increased from 33 to 85% (p < 0.001, 
OR = 13.5 [3.21, 56.77]), and hydronephrosis identifi-
cation improved from 38 to 85% (p < 0.001, OR = 8.67 
[2.62, 28.63]). Recognition of a Focused Assessment with 
Sonography in Trauma (FAST) positive ultrasound image 
rose from 29 to 79% (p < 0.001, OR = ∞), while cholecys-
titis identification improved from 29 to 79% (p < 0.001, 
OR = 9 [2.73, 29.67]). Recognition of Wirsung duct expan-
sion increased from 31 to 67% (p = 0.002, OR = 3.83 [1.56, 

9.41]). Superior mesenteric artery identification rose 
from 23 to 77% (p < 0.001, OR = 27 [3.67, 198.7]). Overall 
scores increased from a mean of 26% to 69% (p < 0.001, 
Cohen’s d = 2.24 [1.7, 2.76]).

Perceptions of abdominal POCUS among PCPs
Forty-eight participants (100%) answered both pre- and 
post-questionnaires (Fig. 4). Ten weeks after the abdomi-
nal POCUS course, PCPs significantly increased their 
use of AUS: usage at least four times per month rose 
from 6 to 79%, and non-users decreased from 94 to 19% 
(p < 0.001, r = 0.95 [0.9, 0.97]). PCPs reported enhanced 

Fig. 3 Presents a series of ultrasound images presented in the US Clips-Based Assessment: Item 1 shows the transducer placed in a position 
to visualize "Morison’s pouch"; Item 2 displays an ultrasound image of a dilated renal pelvis and calyces; Item 3 illustrates an ultrasound indicative 
of the presence of free fluid in the abdomen (FAST positive); Item 4 depicts the gallbladder with a thickened wall; Item 5 reveals an expanded 
Wirsung duct; Item 6 provides a subxiphoid view capturing the inferior vena cava, abdominal aorta, portal, splanchnic veins, and superior 
mesenteric artery; Item 7 focuses on non-pathologic view of the abdominal aorta (white arrow) and superior mesenteric artery alone (orange 
arrow); and Item 8 shows the bladder with its physiologic appearance

Table 2 Ultrasound clips based assessment

Abbreviations: IVC Inferior Vena Cava, FAST Focused Assessment With Sonography in Trauma, SMA Superior Mesenteric Artery
1 McNemar test, Paired t-test

Time

Ultrasound Clip (correct) T1 T2 p1 Effect Size (95% CI)

Anatomical-Theoretical Transducer 
Placement, n (%)

“Morison’s pouch” 17/48 (35%) 40/48 (83%)  < 0.001 OR = 12.5 (2.96, 52.77)

Abdominal Vasculature: IVC, aorta, portal, 
and splanchnic veins, and the SMA

12/48 (25%) 30/48 (63%)  < 0.001 OR = 4.6 (1.75, 12.1)

Hydronephrosis, n (%) 18/48 (38%) 41/48 (85%)  < 0.001 OR = 8.67 (2.62, 28.63)

FAST positive, n (%) 14/48 (29%) 38/48 (79%)  < 0.001 OR = ∞ (NA, ∞)

Cholecystitis, n (%) 14/48 (29%) 38/48 (79%)  < 0.001 OR = 9 (2.73, 29.67)

Wirsung duct expansion, n (%) 15/48 (31%) 32/48 (67%) 0.002 OR = 3.83 (1.56, 9.41)

Superior Mesenteric Artery, n (%) 11/48 (23%) 37/48 (77%)  < 0.001 OR = 27 (3.67, 198.7)

Normal Bladdder (no pathology), n (%) 16/48 (33%) 41/48 (85%)  < 0.001 OR = 13.5 (3.21, 56.77)

Total Score,Mean (SD) 26% (15%) 69% (14%)  < 0.001 Cohen’s d = 2.24 [1.7, 2.76]
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Fig. 4 Primary Care Physicians’ Perceptions Of Point Of Care Ultrasound portrays the outcomes of pre- and post-assessment questionnaires 
administered to primary care physicians regarding their perspectives and involvement with abdominal point-of-care ultrasound (POCUS). 
Subsection (a) exhibits a statistically significant positive change in primary care physicians’ attitudes toward the integration of POCUS into their 
clinical practice. Subsection (b) demonstrates an improvement in their confidence and comprehension of POCUS, while subsection (c) indicates 
a notable increase in the frequency of abdominal ultrasound utilization. The statistical significance of these pre- to post-training changes 
is supported by p-values, and detailed percentage data can be found in Appendix S6
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comfort with abdominal POCUS; those feeling “Not at 
all” comfortable decreased from 52% to 2.1%, and 82% 
felt “Moderately” or “Greatly” comfortable post-course 
(p < 0.001, r = 0.93 [0.87, 0.96]). Recognition of abdomi-
nal POCUS’s diagnostic potential improved, with 79% 
selecting “Greatly” or “Extremely” post-course (p < 0.001, 
r = 0.98 [0.96, 0.99]), and intent to integrate POCUS into 
daily practice increased from 6.3% to 56% (p < 0.001, 
r = 0.53 [0.26, 0.72]). Beliefs about POCUS’s diagnostic 
speed and accuracy improved, with 92% marking “Agree” 
or “Strongly Agree” post-course (p < 0.001, r = 0.85 [0.73, 
0.92]). Belief in its role in mortality prevention rose, with 
“Agree” or “Strongly Agree” responses increasing from 36 
to 94% (p < 0.001, r = 1 [1, 1]).

Discussion
To the best of our knowledge, this study represents one 
of the first documentations of the perceived sustained 
impact of a brief AUS program for PCPs. The curriculum 
demonstrated notable improvements in PCPs’ AUS skills. 
Additionally, PCPs reported a more positive perspective 
regarding the integration and importance of AUS in their 
clinical practice. While further research is needed to 
assess long-term skill retention through objective testing, 
these findings suggest that AUS training may contribute 
to enhancing primary care practice.

Teaching procedural skills like AUS presents unique 
challenges in healthcare education due to the need for 
specialized knowledge, effective communication, and 
hands-on technical skills [27–29]. Given these chal-
lenges and the time constraints faced by primary care 
physicians (PCPs) [30], a comprehensive, time-efficient 
pedagogical strategy was developed. The curriculum 
follows Peyton’s Four-Step Approach, a well-established 
method for teaching POCUS [17–21] alongside a six-
step competency framework for procedural skills [22]. 
The first two steps of Peyton’s approach (Demonstra-
tion, Deconstruction) [21] were adapted to a remote 
format using pre-recorded lectures and step-by-step 
AUS scanning demonstrations, allowing the hands-
on training (step three) to focus on practical experi-
ence with real-time instructor feedback. Additionally, 
healthy human models were used to enhance commu-
nication skills to help PCPs manage complex examina-
tion elements, such as the sonographic Murphy sign, 
which may cause discomfort. The training was divided 
into two sessions over two weeks, incorporating on-
the-job practice where PCPs applied AUS in real clini-
cal settings, following the recognized six-step approach 
[22]. To maximize efficiency and minimize disruption 
to PCPs’ daily routines, the program was designed to 
encourage the integration of AUS into everyday prac-
tice by addressing common pathologies they are likely 

to encounter. The study demonstrated significant 
improvement in technical skills and pathology recogni-
tion among participants, providing strong evidence of 
the advantages of this curriculum; moreover, all par-
ticipants completed the course and showed measurable 
progress in their abilities.

Our findings align with previous studies showing that 
PCPs perceive POCUS as a user-friendly, efficient, and 
clinically valuable tool [31, 32]. For instance, Andersen 
et al. (2019) reported significant improvements in ultra-
sound proficiency among general practitioners following 
a structured training course, with a sustained increase 
in POCUS use in clinical practice [33]. Similarly, Stein-
metz et al. (2020) found that a short, intensive ultrasound 
course significantly enhanced physicians’diagnostic 
accuracy and confidence in abdominal ultrasound appli-
cations [34]. Our study builds upon these findings by 
integrating both hands-on and theoretical components in 
a two-day course while also assessing long-term changes 
in clinical use. However, few studies have highlighted the 
importance of mastering fundamental ultrasound skills—
such as image acquisition, interpretation, and clinical 
correlation— to enhance POCUS acceptance and posi-
tive perceptions [35]. Expanding on this approach, the 
integrative training model included e-learning for theo-
retical knowledge, lab simulations for hands-on skills 
designed to reduce resistance to change [36] and support 
continuous professional development. Our group dem-
onstrated previously that applying similar principles led 
to increased lung ultrasound use among PCPs [16]. In 
this study, we observed a sustained rise in AUS utiliza-
tion, with 80% of participants using it weekly and recog-
nizing its clinical benefits. These improvements persisted 
ten weeks post-training, suggesting that this integrative 
approach could be replicable across other areas of con-
tinuous professional development [34, 35].

To sustain the positive perspectives and continued 
use of AUS among PCPs, ongoing support is essential 
to prevent skill degradation. Although post-course pro-
ficiency in abdominal diagnoses is typically high, it may 
decline without regular tutoring and practice [37, 38]. A 
2019 review suggested that improper use of POCUS can 
lead to diagnostic errors [33]. False-positive findings in 
abdominal examinations have been reported to range 
from 0.5% to 9.9%, highlighting the need for continu-
ous oversight and education [39, 40], whereas the higher 
rates (~ 20%) were seen in studies screening asympto-
matic patients [41–43]. However, advancements in tech-
nology raise the question of whether the equipment used 
at the time contributed to the high false-positive rates 
and if there is a need to reconsider the role of POCUS 
in screening. To mitigate these challenges, integrating 
artificial intelligence and telemedicine could potentially 
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enhance accuracy and support ongoing learning, espe-
cially in remote settings [44–49].

Limitations
This study has several limitations. Although the small 
cohort size is appropriate for this field, its single-center 
design may limit the generalizability of the findings. The 
unmonitored use of ultrasound devices may have influ-
enced the results, as variations in usage could affect out-
comes. The 10-week follow-up period may be insufficient 
to assess long-term skill retention fully; however, it pro-
vided an opportunity to closely monitor participants’ 
progress and perspectives. Testing on healthy models 
may not fully reflect the challenges encountered with 
actual patients. Prior informal ultrasound experience and 
increased general awareness of POCUS could have influ-
enced results, though a pre-course sample assessment 
showed minimal baseline knowledge. Furthermore, as a 
pilot study utilizing a pre/post design, there was no sepa-
rate control arm, which may limit direct comparisons but 
still provides valuable insights into training effectiveness. 
Despite these limitations, the study represents a signifi-
cant advancement in understanding the efficacy of our 
training program and its potential to enhance primary 
care physicians’ skills and confidence in using AUS in 
clinical practice.

Conclusions
This two-day continuous professional development pro-
gram, employing an integrative approach that combines 
hands-on sessions, recorded video lectures, and prac-
tice-based support, enhanced primary care physicians’ 
skills and sustained perceptions regarding AUS. This 
approach, which minimizes out-of-office time, offers a 
future blueprint for primary care physician skill develop-
ment. Future studies should incorporate longer follow-
up periods to assess the durability of training effects and 
evaluate patient-centered outcomes to better understand 
the clinical impact of primary care physicians’ ultrasound 
training.

Abbreviations
PCP  Primary Care Physician
CT  Computed Tomography
AUS  Abdominal Ultrasound
POCUS  Point-of-Care Ultrasound
HMO  Health Maintenance Organization
FAST  Focused Assessment with Sonography in Trauma
DoCTRINE  Defined Criteria to Report Innovations in Education
SD  Standard Deviation
IQR  Interquartile Range
IRB  Institutional Review Board
TM  Trademark
US  Ultrasound

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12909- 025- 07152-4.

Supplementary Material 1.

Acknowledgements
Not applicable.

Authors’ contributions
Authors’contributions I.B.S- Writing – Conceptualization, Methodology, Formal 
Analysis, Investigation, Writing—original draft K.I– Investigation, Writing—
original draft M.S—Writing – Conceptualization, Methodology, Investigation, 
Writing—original draft A.A.H—Writing – review & editing O.K—Resources, 
Project administration, Writing – review & editing Y.G – Project administra-
tion O.W – Resources, Project administration L.F—Project administration, 
Supervision.

Funding
No funding was provided.

Data availability
The datasets are available from the corresponding author upon reasonable 
request and subject to IRB approval.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethical Review Board at Ben Gurion University 
(approval number: 15–2022). The research was performed in accordance with 
the Declaration of Helsinki, and all methods were carried out in accordance 
with relevant guidelines and regulations. All participants involved in the study 
were adults 18 years old and older. Written consent was obtained from the 
participants. The researcher ensured that participants were fully informed 
about the study’s purpose, procedures, and their rights as participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Joyce and Irving Goldman Medical School, Faculty of Health Sciences, Ben-
Gurion University of the Negev, Beer-Sheva, Israel. 2 Clinical Research Center, 
Faculty of Health Sciences, Soroka University Medical Center, Ben-Gurion 
University of the Negev, PO Box 151, 84101 Be’er-Sheva, Israel. 3 Medical 
Intensive Care Unit, Faculty of Health Sciences, Soroka University Medical 
Center, Ben-Gurion University of the Negev, Beer- Sheva, Israel. 4 Department 
of Pediatrics A, Schneider Children’s Medical Center of Israel, Petah Tikva, Israel. 
5 Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel. 6 Clalit Health 
Services Southern District, Beer- Sheva, Israel. 7 Medical School for International 
Health, Ben Gurion University of the Negev, Beer- Sheva, Israel. 8 Department 
of Emergency Medicine, Ben Gurion University of the Negev in Beer- Sheva, 
Beer- Sheva, Israel. 9 General Surgery Department, Sheba Medical Center, Beer- 
Sheva, Israel. 

Received: 13 November 2024   Accepted: 8 April 2025

References
 1. Hastings RS, Powers RD. Abdominal pain in the ED: a 35 year retrospec-

tive. Am J Emerg Med. 2011;29(7):711–6. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 20825 873/. Cited 2024 Feb 1.

 2. Finley CR, Chan DS, Garrison S, Korownyk C, Ccfp MD, Kolber MR, Camp-
bell S, Dean M, Eurich T, Lindblad AJ, Pharmd A, Vandermeer B, Allan GM. 

https://doi.org/10.1186/s12909-025-07152-4
https://doi.org/10.1186/s12909-025-07152-4
https://pubmed.ncbi.nlm.nih.gov/20825873/
https://pubmed.ncbi.nlm.nih.gov/20825873/


Page 10 of 11Ben Shitrit et al. BMC Medical Education          (2025) 25:678 

What are the most common conditions in primary care? Canadian Family 
Physician | Le Médecin de famille canadien }. 2018;64(11):832–40. Avail-
able from: https:// www. cfp. ca. Cited 2024 Jan 27.

 3. Freeman T. McWhinney’s textbook of family medicine. Fourth edition. 
Freeman T, editor. Oxford University Press; 2016.

 4. Viniol A, Keunecke C, Biroga T, Stadje R, Dornieden K, Bösner S, Donner-
Banzhoff N, Haasenritter J, Becker A. Studies of the symptom abdominal 
pain–a systematic review and meta-analysis. Fam Pract. 2014;31(5):517–
29. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 24987 023/. Cited 
2023 Dec 25.

 5. Evaluation of acute abdomen - Differential diagnosis of symptoms | BMJ 
Best Practice US. Available from: https:// dev. bp- front end. tf. aws. bmjgr oup. 
com/ topics/ en- us/ 503. Cited 2023 Dec 25.

 6. Balfour T. Cope’s early diagnosis of the acute abdomen. J R Soc Med. 
2006;99(1):42. Available from: /pmc/articles/PMC1325083/. Cited 2023 
Dec 25.

 7. Macaluso CR, McNamara RM. Evaluation and management of acute 
abdominal pain in the emergency department. Int J Gen Med. 
2012;5:789–97. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 23055 
768/. Cited 2023 Dec 25.

 8. Sorensen B, Hunskaar S. Point-of-care ultrasound in primary care: a 
systematic review of generalist performed point-of-care ultrasound in 
unselected populations. Ultrasound J. 2019;11(1):1–29 https:// theul traso 
undjo urnal. sprin gerop en. com/ artic les/ 10. 1186/ s13089- 019- 0145-4. Cited 
2023 Dec 25.

 9. Abu-Zidan FM, Cevik AA. Diagnostic point-of-care ultrasound (POCUS) 
for gastrointestinal pathology: state of the art from basics to advanced. 
World J Emerg Surg. 2018;13(1):1–14. Available from: https:// wjes. biome 
dcent ral. com/ artic les/ 10. 1186/ s13017- 018- 0209-y. Cited 2023 Dec 15.

 10. Khan MAB, Abu-Zidan FM. Point-of-care ultrasound for the acute abdo-
men in the primary health care. Turk J Emerg Med. 2020;20(1):1. Available 
from: /pmc/articles/PMC7189821/. Cited 2023 Dec 15.

 11. Szulewski A, Braund H, Dagnone DJ, McEwen L, Dalgarno N, Schultz 
KW, Hall AK. The Assessment Burden in Competency-Based Medi-
cal Education: How Programs Are Adapting. Academic Medicine. 
2023;98(11):1261–7. Available from: https:// journ als. lww. com/ acade 
micme dicine/ fullt ext/ 2023/ 11000/ the_ asses sment_ burden_ in_ compe 
tency_ based_ medic al. 14. aspx. Cited 2024 Jan 12.

 12. Akanuwe JNA, Siriwardena AN, Bidaut L, Mitchell P, Bird P, Lasserson D, 
Apenteng P, Lilford R. Practitioners’ views on community implementation 
of point-of-care ultrasound (POCUS) in the UK: a qualitative interview 
study. BMC Health Serv Res. 2023;23(1):1–10. Available from: https:// 
bmche alths ervres. biome dcent ral. com/ artic les/ 10. 1186/ s12913- 023- 
09069-4. Cited 2023 Dec 15.

 13. Hall JWW, Holman H, Barreto T, Bornemann P, Vaughan A, Bennett KJ, 
Chamberlain J, Micks T, Maurer DM, Bergus GR. Point-of-care ultrasound 
in family medicine residencies 5-year update: a CERA study. Fam Med. 
2020;52(7):505–11. Available from:/familymedicine/2020/july-august/hall-
2019-0387. Cited 2023 Dec 25.

 14. Hall JWW, Holman H, Barreto T, Bornemann P, Vaughan A, Bennett KJ, 
Chamberlain J, Micks T, Maurer DM, Bergus GR. Point-of-caremedicine 
residenciesultrasound5-yearin familyupdate: a cera study. Fam Med. 
2020;52(7):505–11.

 15. Johnson J, Stromberg D, Williams B, Greenberg N, Myers O. Point-of-care 
ultrasound for family medicine residents: attitudes and confidence. Fam 
Med. 2021;53(6):457–60. Available from: /familymedicine/2021/june/
johnson-2020-0478/. Cited 2024 Jan 29.

 16. Shitrit IB, Shmueli M, Ilan K, Karni O, Hasidim AA, Banar MT, Goldstein Y, 
Wacht O, Fuchs L. Continuing professional development for primary care 
physicians: a pre-post study on lung point-of-care ultrasound curriculum. 
BMC Med Educ. 2024;24(1):1–10. Available from: https:// bmcme deduc. 
biome dcent ral. com/ artic les/ 10. 1186/ s12909- 024- 05985-z. Cited 2024 
Sep 26.

 17. Bullock I. Skill acquisition in resuscitation. Resuscitation. 2000;45(2):139–
43. Available from: http:// www. resus citat ionjo urnal. com/ artic le/ S0300 
95720 00017 14/ fullt ext. Cited 2024 Mar 24.

 18. Bullock I, Davis M, Lockey A, Mackway-Jones K. Pocket guide to teaching 
for clinical instructors, Third Edition. 2015;1–87. Available from: https:// 
onlin elibr ary. wiley. com/ doi/ book/ 10. 1002/ 97811 19088 769. Cited 2024 
Mar 24.

 19. 2021 Resuscitation Guidelines | Resuscitation Council UK. Available from: 
https:// www. resus. org. uk/ libra ry/ 2021- resus citat ion- guide lines. Cited 
2024 Mar 24.

 20. Skrzypek A, Szeliga M, Jagielski P, Perera I, Dębicka-Dąbrowska D, 
Wilczyńska-Golonka M, Górecki T, Cebula G. The modified Peyton 
approach in the teaching of cardiac auscultation. Folia Med Cracov. 
2019;59(4):21–32.

 21. Nikendei C, Huber J, Stiepak J, Huhn D, Lauter J, Herzog W, Jünger J, 
Krautter M. Modification of Peyton’s four-step approach for small group 
teaching - A descriptive study. BMC Med Educ. 2014;14(1):68. Available 
from: https:// nursi ngedu catio nnetw ork. net/ 2017/ 10/ 15/ peyto ns-4- step- 
appro ach- for- skills- teach ing/. Cited 2024 Mar 24.

 22. Sawyer T, White M, Zaveri P, Chang T, Ades A, French H, Anderson J, Auer-
bach M, Johnston L, Kessler D. Learn, see, practice, prove, do, maintain: 
an evidence-based pedagogical framework for procedural skill training 
in medicine. Acad Med. 2015;90(8):1025–33. Available from: https:// 
pubmed. ncbi. nlm. nih. gov/ 25881 645/. Cited 2024 Mar 9.

 23. Blanco M, Prunuske J, Dicorcia M, Learman LA, Mutcheson B, Huang GC. 
The DoCTRINE guidelines: defined criteria to report INnovations in edu-
cation. Acad Med. 2022;97(5):689–95. Available from: https:// journ als. lww. 
com/ acade micme dicine/ fullt ext/ 2022/ 05000/ the_ doctr ine_ guide lines__ 
defin ed_ crite ria_ to. 27. aspx. Cited 2023 Dec 25.

 24. HMOs Half-Yearly Financial Reports | Ministry of Health. Available from: 
https:// www. gov. il/ en/ depar tments/ news/ 29112 020- 02. Cited 2024 Jan 
29.

 25. Pietersen PI, Konge L, Graumann O, Nielsen BU, Laursen CB. Developing 
and gathering validity evidence for a simulation-based test of compe-
tencies in lung ultrasound. Respiration. 2019;97(4):329–36. Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 30404 101/. Cited 2024 Jan 12.

 26. Tuvali O, Sadeh R, Kobal S, Yarza S, Golan Y, Fuchs L. The long-term 
effect of short point of care ultrasound course on physicians’ daily 
practice. PLoS One. 2020;15(11):e0242084. Available from: /pmc/articles/
PMC7678973/. Cited 2023 Dec 25.

 27. Wall D, McAleer S. Teaching the consultant teachers: identifying the core 
content. Med Educ. 2000;34(2):131–8. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 10652 066/. Cited 2024 Mar 9.

 28. The Superguide: A handbook for supervising doctors National Library of 
Australia Cataloguing-in-Publication entry Title: The superguide: a guide 
for supervising doctors/ Health Education and Training Institute. 2013.

 29. Burgess A, van Diggele C, Roberts C, Mellis C. Tips for teaching procedural 
skills. BMC Med Educ. 2020;20(2):1–6. Available from: https:// bmcme 
deduc. biome dcent ral. com/ artic les/ 10. 1186/ s12909- 020- 02284-1. Cited 
2024 Mar 9.

 30. Nicholls D, Sweet L, Muller A, Hyett J. Teaching psychomotor skills 
in the twenty-first century: Revisiting and reviewing instructional 
approaches through the lens of contemporary literature. Med Teach. 
2016;38(10):1056–63. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
27023 405/. Cited 2024 Mar 9.

 31. De São José BP, Camargos PAM, Bateman ED, Botelho CMA, De Seixas 
Maciel JGF, Mancuzo EV, De Amorim Corrêa R. Primary care physicians’ 
ability to diagnose the most prevalent respiratory diseases. Int J Tuber-
culosis Lung Dis. 2016;20(10):1392–8. Available from: https:// www. resea 
rchga te. net/ publi cation/ 30876 6795_ Prima ry_ care_ physi cians ’_ abili ty_ 
to_ diagn ose_ the_ most_ preva lent_ respi ratory_ disea ses. Cited 2023 Dec 
25.

 32. Mai T, Woo MY, Boles K, Jetty P. Point-of-Care Ultrasound performed 
by a medical student compared to physical examination by vascular 
surgeons in the detection of abdominal aortic aneurysms. Ann Vasc Surg. 
2018;1(52):15–21.

 33. Andersen CA, Holden S, Vela J, Rathleff MS, Jensen MB. Point-of-care 
ultrasound in general practice: a systematic review. Ann Fam Med. 
2019;17(1):61–9. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 30670 
398/. Cited 2025 Mar 16.

 34. Steinmetz P, Oleskevich S, Lewis J. Acquisition and Long-term Retention 
of Bedside Ultrasound Skills in First-Year Medical Students. J Ultrasound 
Med. 2016;35(9):1967–75. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 27466 256/. Cited 2025 Mar 16.

 35. Bhagra A, Tierney DM, Sekiguchi H, Soni NJ. Point-of-Care Ultrasonogra-
phy for Primary Care Physicians and General Internists. Mayo Clin Proc. 
2016;91(12):1811–27. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
27825 617/. Cited 2023 Dec 25.

https://www.cfp.ca
https://pubmed.ncbi.nlm.nih.gov/24987023/
https://dev.bp-frontend.tf.aws.bmjgroup.com/topics/en-us/503
https://dev.bp-frontend.tf.aws.bmjgroup.com/topics/en-us/503
https://pubmed.ncbi.nlm.nih.gov/23055768/
https://pubmed.ncbi.nlm.nih.gov/23055768/
https://theultrasoundjournal.springeropen.com/articles/10.1186/s13089-019-0145-4
https://theultrasoundjournal.springeropen.com/articles/10.1186/s13089-019-0145-4
https://wjes.biomedcentral.com/articles/10.1186/s13017-018-0209-y
https://wjes.biomedcentral.com/articles/10.1186/s13017-018-0209-y
https://journals.lww.com/academicmedicine/fulltext/2023/11000/the_assessment_burden_in_competency_based_medical.14.aspx
https://journals.lww.com/academicmedicine/fulltext/2023/11000/the_assessment_burden_in_competency_based_medical.14.aspx
https://journals.lww.com/academicmedicine/fulltext/2023/11000/the_assessment_burden_in_competency_based_medical.14.aspx
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09069-4
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09069-4
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09069-4
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-024-05985-z
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-024-05985-z
http://www.resuscitationjournal.com/article/S0300957200001714/fulltext
http://www.resuscitationjournal.com/article/S0300957200001714/fulltext
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119088769
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119088769
https://www.resus.org.uk/library/2021-resuscitation-guidelines
https://nursingeducationnetwork.net/2017/10/15/peytons-4-step-approach-for-skills-teaching/
https://nursingeducationnetwork.net/2017/10/15/peytons-4-step-approach-for-skills-teaching/
https://pubmed.ncbi.nlm.nih.gov/25881645/
https://pubmed.ncbi.nlm.nih.gov/25881645/
https://journals.lww.com/academicmedicine/fulltext/2022/05000/the_doctrine_guidelines__defined_criteria_to.27.aspx
https://journals.lww.com/academicmedicine/fulltext/2022/05000/the_doctrine_guidelines__defined_criteria_to.27.aspx
https://journals.lww.com/academicmedicine/fulltext/2022/05000/the_doctrine_guidelines__defined_criteria_to.27.aspx
https://www.gov.il/en/departments/news/29112020-02
https://pubmed.ncbi.nlm.nih.gov/30404101/
https://pubmed.ncbi.nlm.nih.gov/10652066/
https://pubmed.ncbi.nlm.nih.gov/10652066/
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-020-02284-1
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-020-02284-1
https://pubmed.ncbi.nlm.nih.gov/27023405/
https://pubmed.ncbi.nlm.nih.gov/27023405/
https://www.researchgate.net/publication/308766795_Primary_care_physicians’_ability_to_diagnose_the_most_prevalent_respiratory_diseases
https://www.researchgate.net/publication/308766795_Primary_care_physicians’_ability_to_diagnose_the_most_prevalent_respiratory_diseases
https://www.researchgate.net/publication/308766795_Primary_care_physicians’_ability_to_diagnose_the_most_prevalent_respiratory_diseases
https://pubmed.ncbi.nlm.nih.gov/30670398/
https://pubmed.ncbi.nlm.nih.gov/30670398/
https://pubmed.ncbi.nlm.nih.gov/27466256/
https://pubmed.ncbi.nlm.nih.gov/27466256/
https://pubmed.ncbi.nlm.nih.gov/27825617/
https://pubmed.ncbi.nlm.nih.gov/27825617/


Page 11 of 11Ben Shitrit et al. BMC Medical Education          (2025) 25:678  

 36. Gupta DM, Boland RJ, Aron DC. The physician’s experience of changing 
clinical practice: a struggle to unlearn. Implement Sci. 2017;12(1):28. 
Available from: https:// pubmed. ncbi. nlm. nih. gov/ 28245 849/. Cited 2024 
Sep 26.

 37. Sena A, Alerhand S, Lamba S. Milestone Approach to Designing a Point-
of-Care Ultrasound Curriculum for Transition-to-Residency Programs 
in the United States. Teach Learn Med. 2021;33(3):270–81. Available 
from: https:// www- tandf online- com. bengu rionu. idm. oclc. org/ doi/ abs/ 
10. 1080/ 10401 334. 2020. 18142 96. Cited 2023 Dec 25.

 38. Mok D, Schwarz SKW, Rondi K. Point-of-care ultrasonography in Canadian 
anesthesiology residency programs: a national survey of program direc-
tors. Can J Anaesth. 2017;64(10):1023–36. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 28755 100/. Cited 2023 Dec 25.

 39. Vandvik PO, Kristensen P, Aabakken L, Farup PG. Abdominal complaints in 
general practice: Diagnoses and characteristics of patients. Scand J Prim 
Health Care. 2004;22(3):157–62.

 40. Colli A, Prati D, Fraquelli M, Segato S, Vescovi PP, Colombo F, Balduini 
C, Della Valle S, Casazza G. The use of a pocket-sized ultrasound device 
improves physical examination: results of an in- and outpatient cohort 
study. PLoS One. 2015;10(3):e0122181. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 25793 296/. Cited 2024 Sep 26.

 41. Filipas D, Spix C, Schulz-Lampel D, Michaelis J, Hohenfellner R, Roth S, 
Thüroff JW. Screening for renal cell carcinoma using ultrasonography: 
a feasibility study. BJU Int. 2003;91(7):595–9. Available from: https:// 
pubmed. ncbi. nlm. nih. gov/ 12699 466/. Cited 2024 Sep 26.

 42. Arvig MD, Lindberg MJH, Wamberg J, Posth S, Weile JB, Petersen HØ, 
Mørkenborg MD, Leth R, Lauridsen H. Focused abdominal ultrasound. 
Ugeskr Laeger. 2024Apr 22;186(17):V10230649.

 43. Lynch RM. Accuracy of abdominal examination in the diagnosis 
of non-ruptured abdominal aortic aneurysm. Accid Emerg Nurs. 
2004;12(2):99–107.

 44. Wang H, Uraco AM, Hughes J. Artificial intelligence application on point-
of-care ultrasound. J Cardiothorac Vasc Anesth. 2021;35(11):3451–2. 
Available from: https:// pubmed. ncbi. nlm. nih. gov/ 33838 980/. Cited 2024 
Jan 27.

 45. Gohar E, Herling A, Mazuz M, Tsaban G, Gat T, Kobal S, Fuchs L. Artificial 
Intelligence (AI) versus POCUS expert: a validation study of three auto-
matic AI-based, real-time, hemodynamic echocardiographic assessment 
tools. J Clin Med. 2023;12:1352. Available from: https:// www. mdpi. com/ 
2077- 0383/ 12/4/ 1352/ htm. Cited 2024 Jan 27.

 46. Schneider E, Maimon N, Hasidim A, Shnaider A, Migliozzi G, Haviv YS, 
Halpern D, Abu Ganem B, Fuchs L. Can dialysis patients identify and 
diagnose pulmonary congestion using self-lung ultrasound? J Clin Med. 
2023;12(11):3829. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
37298 024/. Cited 2024 Jan 27.

 47. Baum E, Tandel MD, Ren C, Weng Y, Pascucci M, Kugler J, Cardoza K, 
Kumar A. Acquisition of cardiac point-of-care ultrasound images with 
deep learning: a randomized trial for educational outcomes with novices. 
CHEST Pulmonary. 2023;1(3):100023.

 48. Hermann M, Hafner C, Scharner V, Hribersek M, Maleczek M, Schmid A, 
Schaden E, Willschke H, Hamp T. Remote real-time supervision of prehos-
pital point-of-care ultrasound: a feasibility study. Scand J Trauma Resusc 
Emerg Med. 2022;30(1):23. Available from: https:// pubmed. ncbi. nlm. nih. 
gov/ 35331 304/. Cited 2024 Jan 27.

 49. Epstein D, Petersiel N, Klein E, Marcusohn E, Aviran E, Harel R, Azzam 
ZS, Neuberger A, Fuchs L. Pocket-size point-of-care ultrasound in rural 
Uganda — A unique opportunity “to see” where no imaging facilities are 
available. Travel Med Infect Dis. 2018;1(23):87–93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/28245849/
https://www-tandfonline-com.bengurionu.idm.oclc.org/doi/abs/10.1080/10401334.2020.1814296
https://www-tandfonline-com.bengurionu.idm.oclc.org/doi/abs/10.1080/10401334.2020.1814296
https://pubmed.ncbi.nlm.nih.gov/28755100/
https://pubmed.ncbi.nlm.nih.gov/28755100/
https://pubmed.ncbi.nlm.nih.gov/25793296/
https://pubmed.ncbi.nlm.nih.gov/25793296/
https://pubmed.ncbi.nlm.nih.gov/12699466/
https://pubmed.ncbi.nlm.nih.gov/12699466/
https://pubmed.ncbi.nlm.nih.gov/33838980/
https://www.mdpi.com/2077-0383/12/4/1352/htm
https://www.mdpi.com/2077-0383/12/4/1352/htm
https://pubmed.ncbi.nlm.nih.gov/37298024/
https://pubmed.ncbi.nlm.nih.gov/37298024/
https://pubmed.ncbi.nlm.nih.gov/35331304/
https://pubmed.ncbi.nlm.nih.gov/35331304/

	Continuing professional development for primary care physicians: a pre-post analysis of a focused abdominal point-of-care ultrasound pilot training
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Goals of the curriculum
	Target population of learners
	Outcome-based learning objectives
	Curriculum implementation
	Instructional setting and resources for curriculum delivery

	Description of instructional method
	Preparatory lectures
	Hands-on practice
	AUS pathology lectures
	On-the-job training

	Methods to evaluate achievement of outcome-based learning objectives
	Pre-course assessment
	Immediate post-course physiology and pathology assessment
	Ten-week post-course PCP’s perceptions of abdominal POCUS questionnaire

	Statistical analysis

	Results
	Abdominal POCUS physiology and pathology assessment
	Hands-On AUS proficiency assessment
	Clips-based assessment

	Perceptions of abdominal POCUS among PCPs

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


