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Point-of-care ultrasonography (POCUS) has the potential
to transform healthcare delivery through its diagnostic
expediency. Trainee competency with POCUS is now man-
dated for emergency medicine through the Accreditation
Council for Graduate Medical Education (ACGME), and
its use is expanding into other medical specialties, includ-
ing internal medicine. However, a key question remains:
how does one define “competency” with this emerging
technology? As our trainees become more acquainted
with POCUS, it is vital to develop validated methodology
for defining and measuring competency amongst inexpe-
rienced users. As a framework, the assessment of compe-
tency should include evaluations that assess the acquisi-
tion and application of POCUS-related knowledge, dem-
onstration of technical skill (e.g., proper probe selection,
positioning, and image optimization), and effective inte-
gration into routine clinical practice. These assessments
can be performed across a variety of settings, including
web-based applications, simulators, standardized
patients, and real clinical encounters. Several validated
assessments regarding POCUS competency have recently
been developed, including the Rapid Assessment of Com-
petency in Echocardiography (RACE) or the Assessment
of Competency in Thoracic Sonography (ACTS). However,
these assessments focus mainly on technical skill and do
not expand upon other areas of this framework, which
represents a growing need. In this review, we explore the
different methodologies for evaluating competency with
POCUS as well as discuss current progress in the field of
measuring trainee knowledge and technical skill.
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INTRODUCTION

Point-of-care ultrasonography (POCUS) can transform health-
care delivery through its diagnostic and therapeutic expedien-
cy.! It is low-cost, does not expose the patient to radiation, and
can bolster the doctor-patient relationship by encouraging the
physician to be present at the patient’s bedside. Physicians can
become proficient in POCUS with minimal training, and its
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use has been shown to improve diagnostic accuracy, reduce
procedural complications, decrease inpatient length of stay,
and improve patient satisfaction.””’ It can be applied in
resource-limited settings, where restricted access to traditional
radiological equipment can be a barrier to care.”®

POCUS has experienced increased usage given its positive
impact on patient care.* > Greater than 60% of US medical
schools report having an ultrasound curriculum,” and program
directors across varying medical specialties have reported
plans to start their own curricula in the future.'® '' As POCUS
has become more prevalent across a variety of clinical settings,
several organizations have developed systematic guidelines to
promote its effective use amongst practicing clinicians and
trainees.'” "> The best example of this is in emergency med-
icine (EM), where the American College of Emergency Physi-
cians (ACEP) has developed guidelines on how to train resi-
dents with POCUS, and the Accreditation Council for Grad-
uate Medical Education (ACGME) has mandated that ultra-
sound training be a component of their training.'* ' While the
ACEP and ACGME recommend that EM residents achieve
“competence” with POCUS, it is largely left to the individual
institution to define competency and measure it. Authors from
other medical specialties, such as surgery, internal medicine,
family medicine, and anesthesiology, have advocated that
POCUS be taught to trainees and incorporated into their mile-
stones for training evaluation.'” ' The Liaison Committee on
Medical Education (LCME) has not yet released requirements
for POCUS training in undergraduate medical education, al-
though some have advocated for this requirement.**

While investigations continue to demonstrate that we can
teach our trainees POCUS,>” a central question remains: how
do we evaluate their competency? The American College of
Emergency Physicians (ACEP), alongside the Council of
Emergency Medicine Residency Directors (CORD), has made
the most progress in this field by adopting their own milestones
to meet the new ACGME requirements.”> Under the ACEP-
CORD model, competency is evaluated through standardized
checklists and the completion of 150 examinations.”* >* How-
ever, the number of required examinations in EM is based on
expert opinion and differs from other organizations.”> *°
Amongst EM residency programs, there is significant variabil-
ity in how competency is assessed.”® For example, 39% of
programs use online examinations (including multiple-choice
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questions), while others use human models (27%) or simulators
(10%).%° Other authors have offered their own core competen-
cies in POCUS for trainees, but there remains significant var-
iability in how to measure this.** *’

As the use of POCUS continues to grow, it is important to
(1) define competency, (2) develop a framework for measuring
it, and (3) review validated measurement tools that assess
trainees. A framework for competency assessment is vital, as
POCUS represents an emerging technology whereby trainees
may have more exposure with its use compared to senior
physicians (especially in specialties where POCUS usage is
underutilized).”® In this manuscript, we describe a framework
for evaluating ultrasound competency and discuss how to
apply these tools toward evaluating trainee competence for
newly minted ultrasound programs. Finally, we review vali-
dated measurement tools already in existence.

PART 1. BUILDING A FRAMEWORK FOR POCUS
EVALUATION

Competency can be broadly defined as the ability to perform a
task consistently, efficiently, and effectively. In medicine,
competency ultimately occurs when a task is effectively in-
corporated into routine clinical practice. In order to obtain
clinical competence, several steps must occur (Table 1).%
These components can be conceptualized as a framework that
can be applied toward assessing competency with POCUS.

ACQUISITION OF KNOWLEDGE

Medical education is predicated on a model that is based
heavily on the acquisition of facts. Medical school and nation-
al board examinations primarily test the memorization of these
facts in multiple-choice format, likely because these tests can
be easily scaled and standardized. With POCUS, the acquisi-
tion of knowledge can be measured in several ways. Multiple-
choice tests can be designed to measure trainee knowledge of
ultrasound physics and proper probe selection, while still
images or short videos can be utilized to evaluate knowledge
of anatomy or the recognition of pathology.>® However,
multiple-choice questions can be flawed for a number of
reasons, including selection bias and improper wording.*'
Images that are utilized could be selected from repositories
that reflect local epidemiology and specialty-specific disease
states.'* 2* Care must be given to maintain patient anonymity
and to avoid inadvertently sharing patient images from

Table 1 Domains of Competency in Point-of-Care Ultrasound
(POCUS)

Acquisition of knowledge

Application of obtained knowledge
Demonstration of technical competence
Integration into clinical practice
Re-certification

privately collected videos across a wide network of users.
Medical educators and researchers should consider using
pre- and post-testing to determine the rate of learning for
POCUS, as this rate is not well known.>* 3?

The venue for teaching also requires careful consideration.
Many previously described curricula took place in a class-
room.>” 3% 34 However, there is evidence that online modules
may be effective for learning POCUS.* Other institutions have
adopted the use of hands-on training with simulators or stan-
dardized patients, which have also proved successful.** Future
areas of research should focus on which training methods are
the most effective for the acquisition of knowledge, how quick-
ly knowledge is obtained, and how it is retained over time.*

APPLICATION OF KNOWLEDGE

Once knowledge has been acquired, the learner must demon-
strate the ability to apply it in various clinical settings (Ta-
ble 1).>° This demonstration can be accomplished through
several mechanisms. One common method is to use clinical
vignettes that require the trainee to apply memorized facts
toward a scenario involving patient care (for example, a
multiple-choice question that asks the examinee to consider
multiple treatment options based on the nuances of a case
presentation).”> A similar format could be applied to POCUS,
a modality that inherently requires the application of knowl-
edge to make clinical decisions.'* ?* Several authors have
recommended that trainees be asked to infer a patient’s clinical
status and offer treatment recommendations based on clinical
scenarios and sampled images or videos.*** **

In addition, trainees should be given the opportunity to
apply their knowledge on real patients and clinical scenar-
ios.'* 1% 23 2% Ag an example, a trainee could perform a
POCUS assessment on a real patient and propose a plan of
care based on their findings and associated patient history. A
supervising physician could provide real-time feedback on
their decision and application of knowledge.”® >° Standardi-
zation could be achieved through delineation of clinical mile-
stones for each specialty, as the ACEP has done for the
evaluation of EM trainees.'* '® This method requires signifi-
cant oversight, but it is no different than what is already asked
of our trainees and faculty in our current medical education
system. It is worth noting that this form of evaluation requires
attending physicians who are experienced with incorporating
POCUS into the clinical encounter, which may be a rate-
limiting step at many institutions. This barrier could be over-
come though emerging technologies such as remote-viewing
or tele-health, and studies evaluating these novel methods for
evaluation should be explored further.

DEMONSTRATES TECHNICAL COMPETENCE

Technical competence is a different skillset compared to the
acquisition and application of medical knowledge (Table 2). In
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Table 2 Proposed Components of Technical Competency
Assessments

Probe selection

Image mode selection (e.g., cardiac, abdominal)

Proper image orientation marker (e.g., “dot”) selection

Probe positioning

Image depth

Image gain

Centering of target structure

Troubleshooting difficult windows

Demonstrates advanced functions (M-mode, Doppler, image capture)

POCUS, it requires manual dexterity, visual-spatial orienta-
tion, and familiarity with the equipment being used. Addition-
al challenges in POCUS include optimizing the field of depth,
image gain, and centering of the target structure to obtain an
image that is interpretable.” If not standardized, the measure-
ment of technical competence can be subject to variability
depending on the patient or equipment functionality. The
ACEP-CORD guidelines have developed standardized check-
lists to measure technical skills,”> and other authors have
developed their own validated checklists to ensure proper
evaluation of image acquisition and quality.”> The key com-
ponents of technical competence are discussed in Table 2.
These include proper probe selection, proper image mode
selection (including orientation markers), proper probe posi-
tioning for a target structure, adequate depth, adequate image
gain, centering of the target structure, troubleshooting difficult
windows (though changing patient’s or probe’s position), and
the ability to use more advanced functionality (e.g., M-mode,
Doppler, or image capturing).

The use of mannequins, standardized patients, or computer
simulators represent an opportunity to evaluate technical com-
petency.”> ** Standardized patients have been validated to
measure POCUS competency.®> >’ However, simulation via
these methods may be limited by real-word applicability, as a
standardized patient may have more ideal image windows or
may lack significant pathology. Similarly, simulators can be
used to train trainees, but as with other procedures requiring
technical expertise, they ultimately cannot substitute for a real
patient in the evaluation of competency.*® Trainees should
have exposure to real patients to gain the technical experience
that comes with obtaining difficult image windows due to a
challenging body habitus.”* Faculty should be present to pro-
vide troubleshooting tips to optimize trainee technique.’

EFFECTIVE INTEGRATION INTO CLINICAL PRACTICE

The ultimate goal of the medical educator is to have their
lessons incorporated into routine practice by their learners.
Unfortunately, methodologies on effectively evaluating
integration of POCUS have not been developed. As with
direct patient care, supervising faculty should aim to pro-
vide direct observation and real-time feedback to the
trainee.”> Additionally, many ultrasound systems can be
integrated into Picture and Archiving Communication

Systems (PACS), which could serve as a mechanism to
independently evaluate obtained images by a radiologist
for quality control. In this scenario, a clinician could
submit an image to their PACS along with their interpre-
tation of the image, and what action they took based on
their findings. This process could be peer-reviewed to
ensure appropriate decision making and interpretation
took place. This peer-reviewed process has been in place
for decades for patient care and can likely be effectively
incorporated into POCUS.*** *° Recently, methods for
peer-review have been described for POCUS, but more
studies would be needed to determine the periodicity of
evaluation.*'

In addition to peer-review, PACS enable providers to
participate in longitudinal patient evaluation and periodic
review (Table 3). Providers should review previously ac-
quired images of a patient and retrospectively evaluate the
accuracy of their interpretation once a firm diagnosis has
been made or definitive radiological studies have been
obtained. This allows the provider to learn from faulty
image interpretation or clinical integration, regardless of
the availability to peer-review images at an institution. For
these methods to be successful, POCUS machines should
include standardized patient identifiers that allow for
seamless integration into PACS and the electronic health
record such that they can be reviewed and compared to
formal radiological studies.

RE-CERTIFICATION

Once competency is gained, how is it maintained? Physicians
routinely undergo specialty board re-certification, and this
model could be applied toward POCUS if an institution or
specialty organization decides to offer formal credentialing.
Even if no formal certification program exists, the time period
for re-assessment deserves special consideration by all users.
One study investigated the rate of skill decline involving 30
internal medicine graduates who did not routinely use POCUS
(yet received training while in residency). After 2 years, nearly
all of them failed the same “competency” test they had previ-
ously passed while in training.** It is not known how these
skills are maintained over time in regular users of POCUS.
However, quality assurance and peer-review with POCUS
have been shown to maintain physician skill.*» **

Table 3 Methods for Assessing Competency in POCUS

Self-assessment of knowledge/skill

Self-assessment of perceptions/attitudes

Multiple-choice knowledge questions

Multiple-choice clinical vignette scenarios

OSCE/practical examination

Skill assessment on simulator, model, or standardized patient
Standardized checklists for evaluating technical skill

Peer-review of images obtained on real patients

Real-time assessment of actual patients and clinical decision making
Longitudinal patient evaluation and periodic review
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THE “IDEAL” ASSESSMENT

As a framework for evaluating trainees in POCUS becomes
more developed, it is worth noting that there can never be a
perfect assessment. This is because any assessment must bal-
ance reproducibility and standardization with the uniqueness
of real patient encounters. A tool that is easily standardized
(e.g., multiple-choice questions) cannot involve real patients,
just as any tool that involves real patients will face challenges
of standardization. Nevertheless, we can strive for an ideal
POCUS assessment as one in which trainees are evaluated on
their ability to efficiently incorporate their knowledge of
POCUS into their clinical assessments and independently
obtain quality images across a variety of clinical scenarios
(Table 3).

PART 2. BEYOND FRAMEWORKS: REVIEWING
CURRENT COMPETENCY ASSESSMENTS

Bedside Echocardiography

Bedside echocardiography is perhaps the most widely
utilized POCUS assessment. Its use has been adopted by
several major society guidelines, including those from
critical care,*® emergency medicine,*> and cardiology.*®
With minimal training, physicians can reliably identify
ventricular function, gross valvular abnormalities, and
pericardial effusions and provide accurate assessments of
intravascular volume status.** While the ACEP-CORD
guidelines offer checklists to evaluate technical competen-
cy with bedside echocardiography, these have yet to be
validated and are based on expert consensus.”> 24

The Rapid Assessment of Competency in Echocardiog-
raphy (RACE) Scale was developed to assess the technical
skills for trainees learning bedside echocardiography.*’ It
is an assessment that has two main domains: (1) image
generation, which assesses image quality for each of the
five core cardiac views used for POCUS (parasternal long,
parasternal short, apical four-chamber, subcostal, and in-
ferior vena cava) and (2) image interpretation, which
assesses the ability of the trainee to obtain an image that
would be sufficient for interpretation by a cardiologist or
an expert in echocardiography (notably in this scale, the
learner is not actually assessed on their interpretation of
an image). When compared across five experts in echo-
cardiography, the tool demonstrated excellent inter-rater
reliability for assessing the ability of a trainee to generate
a sufficient image («v = 0.87; Table 4), while there was less
agreement between raters regarding whether an image was
interpretable (ow=0.56; Table 4). Individual items in the
assessment demonstrated moderate to excellent inter-rater
agreement, although this was lowest for assessments of
LV function. The authors of the RACE have validated this
measure using inexperienced and experienced users with
POCUS.*> *7 The tool was able to distinguish between

the two groups and demonstrate their rate of learning over
time. Interestingly, the authors suggested that after 20
studies, there was a performance plateau in achieving a
higher score on the scale, suggesting that this may be the
minimal level of practice needed to gain competency.’

With regard to knowledge acquisition and application,
several studies have demonstrated that inexperienced users
can learn to identify gross functional and anatomic pa-
thology on bedside echocardiography, but these studies
employed methodologies that compared a trainee’s inter-
pretation with an experienced cardiologist.** *' Another
study utilized clinical scenarios and simulators to test a
trainee’s knowledge and application of knowledge, al-
though their methodology has not been validated.”® Fur-
ther investigations are needed to validate and measure
knowledge acquisition, application, and integration into
clinical practice with bedside echocardiography.

Thoracic POCUS

Thoracic POCUS can be used to readily identify several
pathologies, including pneumothorax, pulmonary edema,
pleural effusion, and pulmonary embolism.>® Several proto-
cols have been developed to objectively assess the thoracic
cavity via POCUS, including the Bedside Lung Ultrasound in
Emergency (BLUE) protocol, which has been demonstrated to
have over 90% diagnostic accuracy for the diseases outline
above.”® However, these protocols require familiarity with
thoracic POCUS and have not been used to validate trainee
learning or competency.

The Assessment of Competency in Thoracic Sonogra-
phy (ACTS) was developed to assess trainee technical
competence when performing thoracic POCUS (Table 4).*%
Like the RACE tool, the ACTS is divided into two
domains: (1) image generation and (2) image interpreta-
tion. The image generation scale assesses the quality of
eight typical thoracic views on a 1-6 Likert scale. The
image interpretation component uses a binary scale to
determine whether an expert would be able to assess the
obtained images for four key thoracic pathologies (pneu-
mothorax, interstitial fluid accumulation, consolidation,
and pleural effusion). The scale demonstrated a high de-
gree of inter-rater reliability in terms of image generation
(=0.82; Table 4) and image interpretation (a=0.71;
Table 4). The authors concluded that, as with cardiac
ultrasound, there was an eventual plateau performance
after the 35th exam, suggesting that (at least when using
their training method) learners reach a plateau of technical
skills after a certain number of sessions.*®

Other authors have developed a validated method for
assessing trainee competence with thoracic POCUS. The
Lung Ultrasound Objective Structured Assessment of Ultra-
sound Skills (LUS-OSAUS) is a method that assesses compe-
tency within the domains of knowledge acquisition, knowl-
edge application, and technical competency (Table 4).*° The
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Table 4 Validated Assessments for Competency with POCUS

POCUS examination Assessment Competency domain Inter-observer reliability Statistical method used
Bedside echocardiography RACEP? Technical skills Image generation: o =0.87 Cronbach’s alpha

Image interpretation: av=0.56
Thoracic ultrasound ACTSH Technical skills Image generation: v =0.82 Cronbach’s alpha

Thoracic ultrasound LUS-OSAUSM™!

Technical skills

Knowledge acquisition
Knowledge application

Image interpretation: av=0.71
=0.85 Pearson’s coefficient

Integration into clinical practice

Abdominal ultrasound 0SAUSPY

Technical skills

Knowledge acquisition
Knowledge application

p=0.76 Spearman’s correlation

coefficient

Integration into clinical practice

Generalized assessment B-QUIET™! Technical skills

k=0.68 Cohen’s kappa coefficient

RACE, Rapid Assessment of Competency in Echocardiography; ACTS, Assessment of Competency in Thoracic Sonography; LUS-OASUS, Lung
Ultrasound Objective Structured Assessment of Ultrasound Skills; OASUS, Objective Structured Assessment of Ultrasound Skills; B-QUIET, Brightness

Mode Quality Ultrasound Imaging Examination Technique

method uses a 1-5 Likert scale to assess user competency. It
requires interpretation of images and the application of knowl-
edge toward a clinical case. The LUS-OSAUS can distinguish
between novice and expert users and has an excellent inter-
rater agreement (Pearson’s »=0.85; Table 4).* There have
been no direct comparisons between ACTS and LUS-OSAUS
in terms of inter-rater agreement for technical competence, and
these assessments slightly differ in their scope. Regardless,
LUS-OSAUS may offer a more complete evaluation for train-
ees because it assesses multiple aspects of competency with
POCUS.

Abdominal POCUS

Abdominal POCUS can be used to readily identify a variety of
pathological states including ascites, cholecystitis, cholelithi-
asis, nephrolithiasis, hydronephrosis, and abdominal aortic
aneurysm.>* ¢ Its use has been shown to improve diagnostic
accuracy and reduce ER length of stay.”> > While abdominal
POCUS is incorporated into standardized examinations such
as the Focused Assessment with Sonography for Trauma
(FAST), these examinations are subject to variability based
on user experience and have not been extensively validated as
tools to assess competency.24’ 37

The Objective Structured Assessment of Ultrasound Skills
(OSAUS) was developed through expert consensus and
includes elements that assess knowledge acquisition, knowl-
edge application, technical competence, and integration into
clinical practice (Table 4).°° This is accomplished through
seven elements outlined in the examination: (1) indication
for examination, (2) applied knowledge of ultrasound equip-
ment, (3) image optimization, (4) systematic examination, (5)
interpretation of images, (6) documentation of examination,
and (7) medical decision making. In a validation study using
24 physicians of varying expertise levels performing abdom-
inal POCUS (specifically, gallbladder, renal, FAST, and ab-
dominal aorta ultrasound), the OSAUS demonstrated a high
generalizability coefficient (Spearman’s p coefficient = 0.076;
Table 4).>°

Generalized Assessments

The Brightness Mode Quality Ultrasound Imaging Exam-
ination Technique (B-QUIET) is a tool that can be broadly
applied toward assessing technical competency with
POCUS toward a variety of organ systems, including
cardiac, abdominal, and lung ultrasound (Table 4).25 The
method divides the assessment of image quality into three
subscales: (1) identification/orientation (e.g., image label-
ing and body markers), (2) technical (e.g., image depth,
gain, and resolution), and (3) image anatomy (e.g., cen-
tering of target structure on screen). The method employs
a 4-point Likert scale to rate the image quality by the
observer. When applied toward echocardiography and ab-
dominal POCUS, the B-QUIET assessment had a modest
inter-rater reliability (x =0.68; Table 4).25 However, for
90% of the items used in this study, there was complete
inter-observer agreement despite different image views,
locations, and patient body types that were used in the
analysis. The study had relatively low inter-rater reliability
for the identification/orientation subscale, which was at-
tributed to improper labeling by the trainees.*’

Objective Structured Clinical Examinations

Objective Structured Clinical Examinations (OSCEs) have
been used for over 40 years to provide standardized and
objective assessments of a learner’s clinical skills and
attitudes.>® These assessments typically utilize simulation
aided by mannequins or trained actors to reenact a clinical
scenario for the learner.’” The majority of medical schools
employ an OSCE to evaluate trainees, and it has been
shown to predict clinical practice ability.®” ' However,
OSCEs can be limited by both inter-rater agreement (e.g.,
the stability of a student’s score across multiple indepen-
dent evaluators) and observer bias (whereby previous per-
formance of a student by a single observer may influence
subsequent assessments).®® This can be overcome by the
use of a standardized scoring rubric and peer-review.’’
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OSCEs provide a conduit to assess multiple aspects of
POCUS competency, including knowledge application, techni-
cal skill, and clinical practice integration.63 As simulation tech-
nology becomes more advanced, the ability to replicate clinical
scenarios with simulated pathology videos will allow evalua-
tors to assess trainee decision making in a more objective (and
safe) manner. While the use of OSCE to assess these domains
of competency within POCUS has been previously described,
there is a paucity of validating methods for using OSCE with
POCUS.?” % This challenge can be overcome by applying the
standardized grading tools outlined above toward specific clin-
ical scenarios. Such analyses should include descriptions of the
scenarios and validations of their inter-rater reliability.

CONCLUSIONS

POCUS has the potential to dramatically change patient care
through its diagnostic efficacy and low-cost structure. Its use
continues to expand across medical specialties and throughout
the medical education spectrum. As our trainees become more
acquainted to POCUS, we must reconsider how to adequately
train them and successfully measure their competency. The
scope of their practice should be determined by their specialty
organizations, but we should all strive to develop standardized
and validated assessments to evaluate their skill. Such assess-
ments must include evaluations of knowledge acquisition,
knowledge application, technical skill demonstration, and inte-
gration into clinical practice. Trainees should be evaluated across
a variety of settings, including with real patients. Future studies
should be aimed at defining competency with POCUS and
validating it across varying experience levels amongst trainees.
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