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Abstract

Background Point-of-care ultrasound is rapidly gaining traction in clinical practice, including primary care. Yet, logis-
tical challenges and geographical isolation hinder skill acquisition. Concurrently, an evidentiary gap exists concern-
ing such guidance’s effectiveness and optimal implementation in these settings.

Methods We developed a lung point-of-care ultrasound (POCUS) curriculum for primary care physicians in a rural,
medically underserved region of the south of Israel. The course included recorded lectures, pre-course assessments,
hands-on training, post-workshop lectures, and individual practice. To evaluate our course, we measured learning out-
comes and physicians’ proficiency in different lung POCUS domains using hands-on technigue assessment and gath-
ered feedback on the course with a multi-modal perception approach: an original written pre- and post-perception
and usage questionnaire.

Results Fifty primary care physicians (PCPs) showed significant improvement in hands-on skills, increasing from 6
to 76% proficiency (p <0.001), and in identifying normal versus abnormal views, improving from 54 to 74% accuracy
(p<0.001). Ten weeks after training, primary care physicians reported greater comfort using lung ultrasound, rising
from 10 to 54% (p <0.001), and improved grasp of its potential and limits, increasing from 27.5% to 84% (p < 0.001).
Weekly usage increased from none to 50%, and the number of primary care physicians not using at all decreased
from 72 t0 26% (p <0.001).

Conclusions A two-day focused in-person and remote self-learning lung-POCUS training significantly improved
primary care physicians’lung ultrasound skills, comfort, and implementation.
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Background

In today’s rapid healthcare environment, a comprehen-
sive evaluation of training methodologies and duration
is crucial to maximize benefits. Respiratory complaints
are among the most common complaints for primary
care physicians (PCPs) to evaluate and diagnose [1].
Lung ultrasound (LUS) is a practical, safe diagnostic
tool used at the patient’s bedside for diagnosis, follow-
up, and procedures for pulmonary conditions [2]. LUS
has demonstrated significant promise in various studies,
enabling PCPs to make accurate and rapid diagnoses [3].
The Accreditation Council for Graduate Medical Educa-
tion Family Medicine Residency program requirements
include the integration of LUS among other point-of-care
ultrasound (POCUS) applications starting in 2024 [4].

Numerous studies have presented that LUS utilization
presents higher sensitivity than Chest X-ray and physi-
cal examination during the pulmonary assessment [5-9].
For example, LUS usage has been shown to be effective
in diagnosing pleural effusion at a 97% sensitivity rate
after only 3 h of training [10]. In addition, LUS has dem-
onstrated high accuracy and sensitivity in diagnosing
pneumonia in both adult and pediatric patients [11, 12].
Its utility has been proven particularly during the recent
COVID-19 pandemic [13-17].

Challenges identified in ultrasound training include
a shortage of trained faculty, limited equipment avail-
ability, physician discomfort interpreting images without
a radiologist’s oversight, the time constraints faced by
PCPs, and geographical barriers that can hinder access
to training opportunities [18]. Furthermore, a review dis-
cussing curriculum strategies for implementing POCUS
revealed that none explicitly addressed the implementa-
tion of POCUS or the milestones associated with such
changes in primary care settings. This highlights the
pressing need for a targeted evaluation of a POCUS cur-
riculum designed for primary care [19]. Despite vast lit-
erature demonstrating the importance of this bedside
ultrasound modality [20], there is a lack of publicly acces-
sible research on the methodologies and outcomes asso-
ciated with such training programs specifically for PCPs
[19].

Teaching procedural skills, such as LUS, poses sig-
nificant challenges in healthcare education due to the
necessity for specialized training in knowledge acquisi-
tion, communication, and performance [21-23]. A well-
established instructional approach for POCUS training is
"Peyton’s Four-Step Approach,” a core component of the
European Society of Cardiology courses [23]. Peyton’s
approach includes demonstrating the skill at a normal
pace without any comments, then repeating the proce-
dure while describing all necessary sub-steps, having the
student explain each sub-step while the teacher follows
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the student’s instructions, and finally, having the student
perform the complete skill independently. Complement-
ing this approach, Sawyer et al. developed a six-step
method for teaching skills that combines preparation,
skill acquisition, and maintenance: "Learn, See, Prac-
tice, Prove, Do, Maintain" [24]. While these approaches
emphasize in-person teacher-student interaction, other
methods have demonstrated the feasibility of teaching
POCUS remotely [25, 26]. Some presented the non-infe-
riority of e-learning techniques [25], while others have
shown that simulator-based learning can be as effective
as traditional face-to-face instruction [27].

In this prospective cohort study, we explore the poten-
tial of integrating traditional teaching methods with
e-learning and simulator-based learning in a two-day
LUS training program for PCPs. We hypothesized that a
combined approach would influence PCPs’ attitudes and
competence in utilizing this modality in daily practice.

Methods

This prospective feasibility study took place in south-
ern Israel at Ben Gurion University of the Negev and
was conducted with the approval of the university’s eth-
ics board committee (reference number 15-2022). The
Ben Gurion University of the Negev Medical Simula-
tion Center has advanced simulators and state-of-the-art
medical simulation rooms. These facilities provide real-
istic training environments for various medical proce-
dures, including ultrasound training. Data gathering was
carried out between January and June 2023. The study
and teaching protocol detailed in this paper were written
in line with the DoCTRINE guidelines, listing the criteria
to report innovations in education [28].

Goals of the curriculum

To evaluate the effectiveness of a concise, integrative
LUS training for PCPs, focusing on its practicality and
10-week lasting impact. The primary objective was to
observe changes in PCPs’ attitudes and integration of
LUS into routine practice. Secondary objectives focus
on evaluating their proficiency in conducting LUS and
differentiating between normal and abnormal POCUS
images.

Target population of learners

This study enrolled 50 PCPs employed by the two largest
Israeli health maintenance organizations (HMOs), Mac-
cabi and Clalit, in the LUS training. The study included
specialists/consultants in family medicine, defined as
physicians certified after passing government tests, and
trainees/residents in family medicine who are in a four-
year residency program. None of these PCPs had previ-
ously undergone any US training, although all had access
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to ultrasound machines available in their clinics. Partici-
pation was entirely voluntary and required written con-
sent. PCPs’ performance results remained confidential
and were not disclosed to any overseeing organizations,
ensuring it had no impact on their evaluations.

Outcome-based learning objectives

The learning objectives of this unique course are listed
below and were assessed both short and longer term, as
illustrated in Fig. 1.

o Developing Proficiency and Demonstrating Com-
petence in LUS Usage: Enable PCPs to master LUS
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examinations and utilize POCUS as a diagnostic
tool, focusing on generating high-quality images and
improving patient care. The goal was to enhance
PCPs’ proficiency in conducting examinations and
making informed clinical decisions in pulmonary-
related cases.

o Acquiring Interpretation Skills: Equip PCPs with the
skills necessary to interpret LUS images accurately.
This includes differentiating between normal and
pathological images in conditions such as pneumo-
nia, pleural effusion, lung consolidation, atelectasis,
empyema, pneumothorax, hemothorax, massive pul-
monary embolism (identified by a D-shaped left ven-
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tricle or flattening of the interventricular septum due
to right ventricular overload, and McConnell’s sign,
which is defined as right ventricular free wall akinesis
with sparing of the apex), and pulmonary edema.

+ Evaluating Impact on Practice Integration and Atti-
tudes: Assess the effect of intensive POCUS training
on PCPs’ willingness and confidence to incorporate
LUS into their daily primary care practice, focusing
on successful technology adoption and adaptation in
a clinical environment.

Curriculum implementation

Instructional setting and resources for curriculum delivery
The course took place in the Medical Simulation Center
at Ben Gurion University of the Negev. To prepare for
the practical workshops, PCPs received a total of six
recorded lectures, amounting to five and a half hours.
Two of these lectures centered on the general princi-
ples of POCUS usage and technology in clinical settings,
while the remaining four lectures focused on the appli-
cation of POCUS specifically for diagnosing pulmonary

Empyema Lung Point
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pathologies (Appendix S1—Course Syllabus). The hands-
on workshops were conducted in small groups of up to
five PCPs. During these workshops, the groups had the
opportunity to practice on both the 3D Simbionix US
Mentor simulator (Fig. 2) [29, 30] and live-patient models
using the Venue Go'* by Ge Healthcare.

Description of instructional methods

1) Introductory recorded lectures- as a preparatory step
for the practical workshops, PCPs received two recorded
lectures totaling 1.5 h. The first lecture covered an intro-
duction to ultrasonography and LUS, while the second
focused on demonstrating lung examination in the pri-
mary care setting (Appendix S1).

2) Pre-course assessment—The assessment was con-
ducted in three parts: a hands-on assessment, a clips-
based assessment, and a perceptions questionnaire. In
the first part, a sample of 13 PCPs underwent a hands-on
LUS proficiency test using healthy human models, dem-
onstrating three LUS positions (‘windows, as detailed
in Appendix S2), reviewed by an expert for accuracy.
The second part involved the entire cohort of PCPs in a

Atelectasis

Pneumonia

The BLUE Protocol

B-Lines

Fig. 2 The Simbionix Lung Module is an educational tool that offers simulated ultrasound imaging for various lung conditions, allowing

for self-guided practice. It includes depictions of normal lung anatomy, atelectasis, pneumonia with its classic signs, empyema, the 'Lung Point’
indicative of pneumothorax, and B-lines associated with interstitial edema. The module also integrates the BLUE Protocol decision tree to aid

in the diagnosis of various lung pathologies (https://surgicalscience.com/simulators/u-s-mentor/lung-module/)
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clips-based assessment, where they were tested on their
ability to distinguish normal from pathological LUS
scans (Appendix S3). Lastly, all PCPs completed a per-
ceptions questionnaire with eleven Likert scale state-
ments (Appendix S4), adapted from a validated study [31]
(Cronbach’s alpha=0.84), to evaluate their perceptions
and usage of the POCUS modality.

3) Hands-on practice—The PCPs underwent six hours
of hands-on training in two three-hour sessions led by
an intensive care physician with 15 years of experience in
clinical POCUS. They practiced on the 3D Systems Sim-
bionix US Mentor and live patients using the Venue Go
by GE Healthcare. The training focused on acquiring
standard LUS images, with participants learning trans-
ducer maneuvers (alignment, rotation, and tilt) for opti-
mal imaging in each position (Figs. 2 and S2).

4) Lung pathology recorded lectures- After the first in-
person workshop, participants viewed four one-hour
lectures on LUS diagnosis before the second workshop.
Lecture topics included Introduction to POCUS for
PCPs, US Principles, Lung and Airway POCUS Exami-
nation—Physiology vs. Pathology, Lung US Examination
Demonstration, Clinical Cases, and LUS in COVID-19
(Appendix S1).

5) Individual practice using the US device- PCPs were
encouraged to practice image acquisition during regular
clinics between the two in-person workshops without
a required number of hours. While all had access to a
device for practice in the clinic, as per the study’s inclu-
sion criteria, these independent practice sessions were
not monitored.

Methods to evaluate achievement of outcome-based
learning objectives

1) Post-course assessment physiology and pathology
assessment—Following the training, PCPs completed two
examinations. The first exam, which was identical to the
one taken prior to the course (Appendix S3), assessed
their ability to distinguish between normal and patho-
logical LUS scans. The second test involved a hands-
on ultrasound exam on human models, evaluated by a
POCUS expert as correct or incorrect (Appendix S2).
Despite the development of several validated structured
tools, such as LUS-Objective Structured Assessment of
Ultrasound Skills (LUS-OSAUS), we opted for a simpli-
fied tool specifically designed to meet the needs of PCPs,
making it more suitable for our evaluation [32].

2) Post-course lasting impact on attitudes and usage-
Physicians who completed the POCUS courses in 2023
reported their perceptions by mirroring the pre-course
assessment with an eleven-statement questionnaire
(Appendix S5). Responses were collected online ten
weeks after the course ended (Fig. 1). This Likert scale

Page 5 of 10

questionnaire focused on their views about integrating
LUS in clinical practice, including its potential to speed
up diagnosis, improve decision-making, and positively
affect patient care.

Statistical analysis

Summary statistics were calculated to describe the sam-
ple characteristics. The Chi-square, paired t-test, and
the Wilcoxon singed-rank tests were used to compare
pre and post-tests and questions. The assessment was
conducted across the entire cohort. Shapiro—Wilk tests
were performed to assess the distribution of variables.
Skewed distributions were presented as median (IQR),
while normally distributed variables were presented as
mean (SD). Cronbach’s alpha reliability test was used to
assess the readability of the questionnaires (a=0.909).
A priori power analysis was conducted with assump-
tions of a=0.05, 80% pre-course non-utilization of LUS,
and 30% post-course non-utilization. These assumptions
were based on previous literature and our experience
teaching LUS as part of continuing professional develop-
ment [33]. These parameters indicated that a sample size
of 30 participants was necessary to achieve 80% power
and detect a minimal difference of 40% in LUS utilization
pre- and post-course. The study was thus adequately pow-
ered to detect differences within the stated assumptions
and limitations. All statistical tests were performed at
a=0.05 (two-sided) using R Studio 4.3.1.

Results

The study consisted of 50 PCPs who took part in the
LUS-focused course. Participants’ HMO affiliation with
Maccabi (52%) or Clalit (48%) healthcare was similar. The
study’s participants were 70% specialists/consultants and
30% trainees/residents, with an average age of 42.66 (SD
9.35); participants had an even gender distribution. These
baseline characteristics are shown in Table 1.

Table 1 Baseline characteristics

Variable Statistic
Group, N (%)
Clalit 24/ 50 (48%)
Maccabi 26 /50 (52%)
Gender Female, N (%) 24/ 50 (48%)
Age, Mean (SD) 42.66 (9.35)

Experience, N (%)
35/ 50 (70%)
15/50 (30%)

Specialist/consultant physician
Trainee/resident physician
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Lung POCUS physiology and pathology assessment
Clips based assessment

Before training, PCPs took an eight-item test on lung
ultrasound interpretation (Table 2, Figure S7). Scores for
identifying standard lung views and transducer place-
ment (Items 1 and 2, Zone 1) improved from 67 and
65% to 92% post-course (p=0.003 and 0.002). Interpre-
tation of Zone 3 lung scans (Item 3) increased from 48
to 78% (p<0.001). Accuracy in detecting pneumothorax
(Items 4 and 8) rose from 50 to 84% (p <0.001). Recogni-
tion of “B-lines” for pulmonary edema (Item 5) improved
from 50 to 76% (p=0.15). Identifying pneumonia via
air bronchogram videos (Item 6) increased from 54 to
82% (p=0.001), and recognizing atelectasis signs (Item
7) improved from 48 to 92% (p<0.001). Overall scores
increased significantly from a mean of 54% to 74% and a
median of 50% to 88% (p <0.001).

Hands-on assessment

PCPs’ lung POCUS proficiency was assessed at two-time
points: pre-course with 13 (26%) randomly selected par-
ticipants, indicating minimal competency and no prior
hands-on experience showing a median score of 0% (IQR
0%), and post-course with 48 participants, showing sig-
nificant improvement with a median score of 67% (IQR
33%) (p<0.001).

Primary care physicians’ perceptions of LUS

Forty PCPs (80%) completed the pre-course ques-
tionnaire (T1), and 50 PCPs (100%) completed the
post-course questionnaire (T2). Logistic limitations
(scheduling conflicts, technical difficulties, and personal
circumstances) prevented 10 PCPs from completing T1
(Fig. 3, Appendix Table S6). Ten weeks post-course, LUS
usage increased significantly: weekly use rose from 0 to

Table 2 Clips based assessment
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50%, and those not using LUS dropped from 72 to 26%
(p<0.001, p<0.001). Comfort with LUS also improved,
with “very comfortable” responses rising from 10 to
54%, and understanding its capabilities and limitations
increased from 27.5% to 84% (p<0.001, p<0.001). Agree-
ment on LUSs diagnostic capabilities increased from
68 to 98% (p=0.018) and for LUS specifically, from 75
to 94% (p=0.028). More PCPs believed LUS training
improved diagnostic skills (70% to 86%, p=0.006) and
supported its inclusion in training programs (75% to 90%,
p=0.006).

Discussion

In this study, we documented the lasting impact of LUS
training on its daily use in primary care (10-week follow-
up). This study presented the impact of a relatively short
LUS training for PCPs, marking a shift in their daily prac-
tice and attitudes and introducing a new, straightforward
method for integrating LUS into primary care continuing
education.

Prior studies have presented the importance and fea-
sibility of delivering POCUS training within condensed
timeframes [10, 34, 35]. Similarly to the presented study,
a study from South Korea evaluating continuing profes-
sional development (CPD) programs for abdominal and
thoracic ultrasound (n=221 physicians) found that a
two-day training program of less than 20 h effectively
achieved the desired goals for basic competency; how-
ever, the teaching methods, evaluation criteria, and spe-
cific PCP subgroups were not targeted nor explained in
the study [27].

Past surveys found PCPs perceive POCUS to be rela-
tively easy to use, not overly time-consuming, and of
high value to the practice [3, 36]. The current study
aligns with these perceptions, as PCPs who participated

Time
Item T1’ T2? p-value
1. A physiologic lung, N, (%) 32/ 48 (67%) 45 /49 (92%) 0.003
2. Recognition of “bat sign’, N, (%) 31/ 48 (65%) 45/ 49 (92%) 0.002
3. Physiologic lung, diaphragm, and liver/spleen, technic aspects, N, (%) 22/ 48 (46%) 38/49 (78%) <0.001
4. Normal lung sliding, N, (%) 15 /48 (31%) 25 /49 (51%) 0.052
5. B lines and pulmonary edema pathology, N, (%) 29 /48 (60%) 37 /49 (76%) 0.15
6. Dynamic air bronchogram and pneumonia, N, (%) 26 /48 (54%) 40/ 49 (82%) 0.003
7. Recognition of “fish tail”and “spinal”sign (atelectasis), N, (%) 23/ 48 (48%) 45 /49 (92%) <0.001
8. Recognition of “lung point” (pneumothorax), N, (%) 24 /48 (50%) 41/ 49 (84%) 0.001
Total score mean (SD) 0.52 (0.26) 0.74 (0.24) <0.001

T1 - Pre course assessment, T2 - Short-term post course assessment
1

n /N (%);Mean (SD), 2Wilcoxon signed rank test with continuity correction; Paired t-test
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Pre/Post Assessment Questionnaire
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A short lung POCUS course improves diagnostic skills lung examination?
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Fig. 3 Primary Care Physicians' Perceptions Of Point Of Care Ultrasound displays the pre- and post-assessment questionnaire results on primary
care physicians’ perceptions and engagement with lung point of care ultrasound. Part (a) illustrates a positive shift in primary care physicians' views
on point of care ultrasound integration into practice, part (b) shows enhanced comfort and understanding of point of care ultrasound, and part
(c) reflects increased lung ultrasound usage frequency. P-values provide statistical substantiation for the observed pre- to post-training changes.
For specific percentages, see Appendix S6

in the focused course gained increased confidence and While this study demonstrated PCPs’ proficiency in
understanding of the diagnostic capabilities and limita-  acquiring, interpreting, and diagnosing various pulmo-
tions and supported the integration of LUS into their nary scenarios immediately following the course, it’s
daily repertoire and internship curricula [37]. reasonable to expect that the cohorts’ proficiency may
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change over time in accordance with the time and effort
spent practicing and learning LUS [38, 39]. Artificial
intelligence (AI) and telemedicine solutions might serve
as a solution to enhance image acquisition and interpre-
tation precision [40-45]. For example, several studies
presented that Al can be utilized to count the number of
B-Lines, reflecting pulmonary edema [42, 46, 47]. Plat-
forms like FaceTime " and Butterfly iQ+ " TeleGuidance
have shown efficient image sharing and interpretation
capabilities, with Butterfly iQ+ " supporting remote
education using recorded lectures within the Butterfly
iQ+ " application [48-51]. Therefore, further investi-
gations into Al and Teleultrasound platforms for lung
assessment are necessary to evaluate their long-term
effectiveness years after learning the basics.

There are several limitations to this study. The evalua-
tion of the lasting effect occurred after a 10-week follow-
up, which may not reflect the longer-term impact, and
relied solely on self-reported data, lacking real-life clinic
information, possibly not fully representing the PCPs’
clinical application of these skills. The small cohort of
Israeli physicians may limit the generalizability of the
findings. Additionally, the relatively short travel times
within Israel may not reflect the logistical challenges in
other regions, where longer travel times might require
overnight stays, posing greater barriers to participation.
Although the Symbyonix Simulator represented common
pathologies, the assessments were conducted on healthy
models rather than sick patients, which may partially
encompass the challenges faced in real patient scenarios.
Despite no formal curriculum in POCUS for study par-
ticipants, it is plausible that younger participants gained
informal POCUS training during hospital rotations,
potentially influencing the study outcomes. Lastly, the
unmonitored practice of ultrasound devices during the
study could have influenced the PCPs’ skill levels in the
final evaluation.

In conclusion, this prospective cohort study showcased
a pioneering, expedited LUS training program for PCPs.
PCPs gained proficiency in using the innovative modality
of LUS in their community, demonstrating their capac-
ity to enhance practical skills and positively impact their
perceptions regarding integrating this modality into their
daily practices. This transformative approach can poten-
tially revolutionize the diagnostic and treatment methods
employed by PCPs for common pulmonary complaints in
primary care settings.
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