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Abstract

Background: Point-of-care ultrasound (POCUS) is a form of diagnostic ultrasonography, which has a defined role as a clinical
adjunct in patient assessment and management. If it is to continue to develop as a core clinical skill, junior medical practitioners
and trainees may benefit from dedicated ultrasound education and familiarisation early in their training. Controversy endures,
however, as inappropriate use of this highly technical and operator-dependent imaging modality has negative clinical implications.
Aims: A systematic review was performed to assess the ability of doctors in training to perform clinically appropriate and
beneficial diagnostic ultrasound after undergoing a formal training programme.

Methods: Studies meeting pre-defined inclusion criteria were identified in electronic databases MEDLINE, EMBASE, CINAHL,
PUBMED and through Google Scholar. Methodological quality was assessed using an established series of indicators.

Results: Fifteen studies were included in the review. Ten of these were performed in the United States, and eight focused on
emergency medicine trainees. After the teaching intervention, ten studies assessed overall ultrasound capacity by calculating the
collective sensitivity and specificity of trainee-performed ultrasound. Five studies used a standardised objective assessment tool to
evaluate ultrasound skills and technique. Studies varied in terms of the specific ultrasound use investigated, teaching programmes
used and methodological quality. Consistently identified areas for further research included the definition of the trainee learning
curve and what constitutes competency in ultrasound.

Conclusions: Ultrasound can feasibly be incorporated into junior medical practitioner training, but more research is required to

assess its effectiveness and appropriateness.

Keywords: education, internship, medical, point-of-care ultrasound, residency, ultrasonography.

Introduction

Point-of-care ultrasound (POCUS) is a specific type of clini-
cian-performed diagnostic ultrasonography, which can assist
in patient assessment and management. It is defined as ultra-
sound brought to the patient and performed in real time.'
POCUS has a number of established applications, especially
in emergency departments, ranging from evaluation during
the early management of trauma to confirmation of intrauter-
ine pregnancy.” Its use is limited by its operator-dependent
nature and the negative clinical impact associated with diag-
nostic error. For this reason, there is a clear need for medical
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practitioners to be adequately trained in its use. The Aus-
tralasian College of Emergency Medicine recommends that all
training programmes maintain processes allowing trainees to
develop skills and experience in ultrasonography.’ It follows
that establishing an effective framework for ultrasound skills
development earlier rather than later in clinical training
would be an opportunity to increase familiarity with this
technical imaging modality. However, the overall feasibility
and validity of establishing formal ultrasound education for
junior medical practitioners and trainees are unclear, as is the
clinical impact on patients.

As technological developments continue to improve the
affordability, portability and quality of ultrasound machines,
together with an increasing appreciation of the possible clinical
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Table 1: Medical subject headings and search strategy.

Table 1. Continued.

Medical subject heading Entry terms

Medical subject heading Entry terms

1. Ultrasonography Ultrasound Imaging

Imaging, Ultrasound

Imagings, Ultrasound

Ultrasound Imagings

Sonography, Medical

Medical Sonography

Ultrasonic Imaging

Imaging, Ultrasonic

Echography

Echotomography

Echotomography, Computer

Computer Echotomography

Tomography, Ultrasonic

Ultrasonic Tomography

Diagnosis, Ultrasonic

Diagnoses, Ultrasonic

Ultrasonic Diagnoses

Ultrasonic Diagnosis

5. Residency and Internship Residency and Internship

Internship

Internships

Medical Residencies

Residencies, Medical

Residency, Medical

Medical Residency

Residency

Residencies

Residency, Dental

Residencies, Dental

Dental Residencies

Dental Residency

House Staff

House Staffs

Staff, House

Staffs, House

Internship, Dental

Doppler Ultrasound Imaging

Doppler Ultrasound Imagings

Imaging, Doppler Ultrasound

Imagings, Doppler Ultrasound

Ultrasound Imaging, Doppler

Ultrasound Imagings, Doppler

Ultrasound

4. Education, medical, graduate Education, Graduate Medical

Graduate Medical Education

Medical Education, Graduate

applications, POCUS will remain a topical area of modern prac-
tice.* The aim of this review is to establish whether doctors in
training (trainees) can employ clinically beneficial and
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2. Ultrasonography (subheading) Ultrasonic diagnosis Internships, Dental
Echography Dental Internship
Echotomography Dental Internships

3. Ultrasonography, Doppler Doppler Ultrasonography Searches: (1 or 2 or 3) and (4 or 5).

appropriate diagnostic ultrasound after undergoing a formal
ultrasound education programme.

Methods
A systematic review was performed on literature from January
2000 to September 2015 using MEDLINE, PUBMED, EMBASE
and CINAHL databases and Google Scholar. All relevant stud-
ies in the English language from these databases were consid-
ered. Medical Subject Headings and search strategy are
described below — Table 1.

The databases were accessed by the lead researcher with
results corroborated by an experienced coresearcher to max-
imise the search capability.

Study selection

The search was limited to English language articles to optimise
the applicability of results to medical education in English-
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Table 2: Series of quality indicators.

Quality Indicator Process

Research question Assess for clarity

Study subjects Note characteristics of study groups
including number, demographics

and homogeneity

Data collection What types of data have been collected and

does this fit the research question

Bias Have confounding factors and biases
been addressed

Results Appropriateness of statistical analysis

Relation between conclusions and
data presented

Conclusions

Reproducibility What factors limit the study being repeated in

another context

Study design Prospective/retrospective

Ethical issues Have ethical issues been adequately addressed

Data reliability
and context

How do these findings fit with other sources

Adapted from the series of 11 quality indicators developed by Buckley et al.’

speaking countries. The review focuses on published and peer-
reviewed studies, with informal education audits not included.

With these limits set, a study was included if it examined a
study group comprised of' interns/residents/registrars not
enrolled in radiology training programmes who” had no prior
formal ultrasound training. This study group® must then have
been subjected to a structured ultrasound teaching programme
followed by* an objective evaluation of the participant’s ability
to perform ultrasound.

Studies were specifically excluded" if they solely used non-
conventional ultrasound machines (e.g. low-resolution hand-
held devices) or” if they assessed non-diagnostic uses of ultra-
sonography for procedures or interventional medicine.

Study abstracts were then examined, and the full text of all
relevant papers was read by the lead researcher. The reference
lists of all included articles were hand-searched for further rele-
vant studies that were then assessed for inclusion.

Raw data broadly covering the population, interventions,
outcomes and conclusions of each study were extracted from
the articles. Quality of included studies was assessed based on a
series of 11 quality ‘indicators’ that had been developed by
Buckley et al.” (Table 2). The indicators related to the appro-
priateness of the study design, conduct, results analysis and
conclusions. Evaluation of each study was conducted by two
researchers and is presented in Table 3. There were no
instances of disagreement requiring resolution. Study character-
istics and findings were then compared and discussed.

© 2017 Australasian Society for Ultrasound in Medicine

Results
The primary database search yielded a total of 630 articles after
removal of duplicates.

The titles and abstracts were accessed for these papers with
603 not meeting inclusion criteria. In addition, three articles
had no full text in English language and were therefore
excluded. A single further study that met inclusion criteria was
identified on review of reference lists.

The 25 articles were read in full and ten were excluded with
15 papers in total included in the review.®*® Of the excluded
papers, five had heterogeneous study groups which included or
focused on more senior clinicians, three did not objectively
assess the study group post-intervention, and two did not have
a practical image acquisition component to the assessments. A
study flowchart is provided in Figure 1.

Study characteristics

Ten studies were performed in the United States, with two per-
formed in Denmark and one each in France, Malaysia and Tur-
key. The type of ultrasound varied among studies, with four
targeting abdominal ultrasound, three on deep venous throm-
bosis assessment, three on echocardiography, two on transvagi-
nal ultrasound, one on focused renal sonography, one on
intensive care ultrasonography and one on general abdominal
and thoracic ultrasound. Eight studies had groups consisting of
emergency medicine (EM) trainees. Of the remaining, four tar-
geted internal medicine trainees, one obstetrics and gynaecol-
ogy (O+G) trainees and one intensive care unit (ICU) trainees.
The final study focused on first-year postgraduate interns in a
compulsory 6-month emergency medicine rotation.

Type of teaching intervention

The teaching intervention provided to trainees varied between
studies. All but one study included a clear practical component
to the training programme and 13 further specified that partici-
pants were given individualised instruction and assistance dur-
ing this practical teaching. The cumulative hours of didactic
and practical teaching over the study period ranged from a sin-
gle one-hour course to 72 h staged and integrated over three
years. Nine studies reported the total number of teaching hours
at an average of 7.5 h. Five of the studies provided ultrasound
instruction over a period of time, rather than in a continuous
block of education, allowing for learning consolidation between
education sessions.

Performance of trainees

Of the included studies, ten assessed the accuracy of trai-
nee-performed ultrasound in answering specific diagnostic
questions by comparing the cohort’s collective results to a
‘gold standard’ investigation. The remaining five studies
evaluated trainee performance individually with an objective
practical examination-style assessment at the end of the
study period.
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Aritcles reviewed for title and

abstract
Medline n =344
EMBASE n=219
PubMed n=118
Total n =681

Additional study from
reference list

n=1

Duplicates removed
n =630

/ | I

Papers included for full text review

Primary exclusion:

n=15

n=25 Abstract not meeting criteria n =603
No english fulltext available n=3
Secondary exclusion:
Study participants not meeting inclusion criteria n=5
No post intervention assessment n=3
Post intervention assessment not involving image acquisition n=2
Studies Included

Figure 1: Study inclusion flowchart.

For the former 10 studies, the number of trainees included
ranged from three to 37 (average — 12.8) performing from 45 to
352 ultrasound scans (average — 133.6) during the study period.
The overall sensitivity of trainee-performed ultrasound ranged
from 40% to 100% and the specificity ranged from 88% to 96%.
Three studies focused on the rate of agreement between ultra-
sound images obtained by an ‘expert’ and those obtained by the
trainees, with the degree of correlation ranging from 64.2% to
98% across a variety of views and diagnostic questions.

Of the five studies assessing trainees individually, all demon-
strated statistically significant increases in trainee performance
across pre-specified domains following the education

© 2017 Australasian Society for Ultrasound in Medicine

intervention. A high degree of study design variation was
observed, and this precluded direct comparison of participant
scores in the objective assessments.

Study quality

Overall, the methodological quality of available studies was
poor. For the group of 10 studies defined above as those report-
ing sensitivity and specificity of trainee-performed ultrasound,
key biases introduced through patient selection were noted in
seven. These included unclear selection processes, use of conve-
nience samples of patients and inclusion at the discretion of
study participants/assessors. It was also noted in six of the

AJUM February 2017 20 (1) 15
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studies that there were low participation rates of trainees and a
low proportion of positive ultrasound findings.

Generally, the remaining five studies which followed cohorts
of trainees and assessed individual performance at an examina-
tion had higher methodological quality. Here, two studies cited
low participation rates as a key weakness, with another two not-
ing that ultrasound was not assessed in a way that reflected its
broader clinical use. Three studies had a significant period of
unstructured and unstandardised education occurring between
the teaching intervention and the examination assessment
which confounded results. Conversely, the two other studies
which assessed trainees immediately after the teaching inter-
vention could less convincingly demonstrate skill uptake and
retention.

Discussion

The literature consistently finds that a limited but potentially
useful degree of proficiency in diagnostic ultrasound is attain-
able for junior trainees. Ultrasound repeatedly demonstrated
high sensitivity and specificity in the hands of trainees. This
was especially pronounced in studies which simplified the
imaging goals to address specific clinical questions with binary
outcomes (abnormality present/absent).

Trainee aptitude

Individual trainees differed in aptitude for ultrasound, poten-
tially reflecting varying degrees of interest and willingness to
pursue ad-hoc teaching during the study period. Interestingly,
several studies found that ultrasound performance did not
relate to overall academic merit or even postgraduate year, but
was simply correlated with the overall number of scans per-
formed.'®'>'® This would support early implementation of
ultrasound training for junior practitioners, and potentially
even undergraduates.

Trainee perceptions and limitations

Studies which included participant surveys found a general will-
ingness on the part of the trainees to learn ultrasound and
reported that its benefits were appreciated. However, a distinc-
tion must be drawn between a formal ultrasound study per-
formed by a qualified sonographer and one obtained by a
trainee. Apprehensions do exist that the apparent benefits for
trainees are muted by the potential for harm from over, under
and misdiagnosis.”’ It follows that the overall purpose of teach-
ing ultrasound to trainees must be clearly defined. The benefits
of POCUS rely on its judicious use as a clinical adjunct with
formal validation of findings sought when appropriate. A study
by Craig et al. found that in Australian Emergency Depart-
ments, clinicians with formal ultrasound training were more
likely to seek independent confirmation of findings.** There-
fore, formalising ultrasound training for trainees could foresee-
ably be accompanied by a heightened awareness of the
limitations.

16 AJUM February 2017 20 (1)

Providing ultrasound education

The amount of training provided in the studies was variable,
ranging from comprehensive education programmes inte-
grated into residencies to a single short didactic session. In
general, studies which assessed the cumulative diagnostic per-
formance of a cohort of trainees on a series of patients had
briefer educational programmes. These studies were also less
likely to include quantitative endpoints, such as specific mea-
surements of anatomical structures, in their assessment of
trainee performance. Over-simplification of the diagnostic
process adds to concerns over the reliability of inexperienced
users employing diagnostic ultrasound independently. In this
way, the parameters for what constitutes proficiency and
competency in ultrasound are yet to be convincingly defined.
This complicates the development of a model education pro-
gram for trainees. The feasibility of an ultrasound training
programme is supported by the majority of studies, however,
with its incorporation into junior practitioner training ideally
guided by collaborative debate and application of education
theory.>

Limitations of the study

It is acknowledged that small sample size, low prevalence of
positive findings, heterogeneity of interventions and study out-
come measures and selection bias all reduced the external valid-
ity of the included studies. In addition, the value of reporting
cumulative sensitivity and specificity was reduced by the opera-
tor- and patient-dependent nature of ultrasonography. These
factors restricted the extent to which the clinical utility of trai-
nee ultrasound could be explored. Many studies highlighted an
assumed clinical benefit, but more research is required to estab-
lish this. Other key limitations are the inclusion of English lan-
guage studies alone and the inability to comprehensively search
for conference abstracts and reports, which may contain other
experiences.

Conclusion

This review indicates that ultrasound training can feasibly be
incorporated into junior medical practitioner training. How-
ever, the clinical impact of such training programmes could not
be clearly defined. In this regard, the studies consistently called
for further research, particularly into the point at which a trai-
nee achieves competency. If competency is a function of experi-
ence, there is an impetus to develop a foundation for
ultrasound proficiency early in clinical training. Ultimately,
diagnostic ultrasound, and POCUS more specifically, is a
patient assessment adjunct which has the potential to confer
significant benefit by addressing important clinical questions.
Its use is, however, firmly reliant on an appreciation and under-
standing of its limitations.
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