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Summary Statement: There is little global consensus on how to train, assess, and evaluate
skills in obstetric ultrasound. The outcomes of curricula, where present, are often based on
the number of clinical cases completed, rather than objective outcomes. The central ques-
tion in this review is whether simulation enhances training and prepares trainees for clinical
practice. A systematic review was conducted of the currently available literature in accor-
dance with Preferred Reporting ltems for Systematic Reviews and Meta-Analyses guide-
lines. Studies considering the use of simulators in training or assessment of sonographers
were eligible for inclusion. We conclude that simulation is best used for acquisition of tech-
nical skills and image optimization. Best outcomes are observed when simulation augments
traditional learning, with a strong focus on specific, objective, and measurable skills. Inte-
grating simulation into training curricula could allow trainees to contribute to clinical service
while learning. How skills learned in a simulated environment translate to the clinic is poorly

addressed by the literature.
(Sim Healthcare 16:52-59, 2021)
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Ultrasound is a flexible, cost-effective investigation, which
can be performed at the patient bedside. Despite these advan-
tages, ultrasound is known to be operator dependent and have
high interoperator variability." Training and competence as-
sessment are of great importance to ensure safe clinical prac-
tice. In obstetrics, ultrasound can be used in acute clinical
care to perform basic tasks such as confirmation of the fetal
heartbeat or assessment of fetal presentation. Away from the
delivery suite, intermediate level skills, such as monitoring
fetal growth and well-being, have a higher training demand
and require ongoing assessment of competency and quality
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assurance.” Advanced applications include the diagnosis of
major congenital abnormality, generally performed by doctors
with a specialist interest in fetal medicine. A number of percu-
taneous, in utero, ultrasound-guided procedures are used to
treat fetal anemia, congenital diaphragmatic hernia, and blad-
der outflow obstruction. A recent consensus statement consid-
ered US essential to the safe, timely, and effective practice of
obstetrics and gynecology’ but acknowledged that training re-
mains challenging. Given the wide variety of applications and
that some techniques are performed at low frequency by
highly specialized operators, a flexible, stepwise approach to
skills training would seem the optimal solution. The consensus
article concluded that “Modern obstetrics and gynecology prac-
tice is virtually impossible without the use of ultrasound.” The
authors continued, “it is clearly desirable for all obstetricians
and gynecologists to have been trained robustly in basic sono-
graphic skills so that their scanning in antenatal and gynecological
clinics and on the labor ward is both safe and reproducible.” Al-
though widespread use of ultrasound is desirable, training in
ultrasound is a challenge and there is little global consensus
on how to train, assess, and evaluate skills in obstetric ultra-
sound. Competence is not necessarily directly related to clinical
experience. Tolsgaard et al’ remarked that some experienced
clinicians did not display expert-like behaviors despite daily
use of obstetric ultrasound in their clinical practice. The authors
hypothesized that poor basic training may be a root cause of
this, suggesting that the operators did not have the correct foun-
dation to benefit from later clinical training. The authors further
hypothesized that the expected improvement in performance
was not seen because sustained, deliberate practice rarely occurs
in clinical practice. Attempts have been made by organizations
such as The International Society of Ultrasound in Obstetrics
and Gynecology and others to standardize requirements across
Europe. The differences in delivery of clinical service may
partly explain why there has been little global standardization
of training and performance assessment to date. Practice
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differs widely; in Germany and Italy, all obstetric ultrasound is
delivered by obstetricians or doctors training in obstetrics. In
the United Kingdom and Denmark,? more than 90% of rou-
tine obstetric ultrasounds are performed by sonographers or
midwives. Most doctors performing obstetric ultrasound are
subspecialist in fetal medicine who do not, generally, perform
routine screening.

Traditional teaching of ultrasound, such as surgery, has
taken the form of “see one, do one, teach one,”® initially under
the supervision of a more experienced operator. The outcomes
of curricula, where present, are often based on the number of
clinical cases completed, rather than objective outcomes of
competence.” Contemporary training curricula have evolved
in response to patient safety concerns, increasing medical
subspecialization and reduced training hours because of work-
ing time regulations. There have been concerns that “the spe-
cialist of tomorrow” will have significantly less experience in
advanced procedures at the completion of their training than
their trainers had at an equivalent career stage.® These con-
cerns are not limited to obstetrics and have been raised in
many specialties. Ultrasound examinations, much like laparo-
scopic surgery, require the operator to interpret a dynamic im-
age produced by the 3-dimensional position and motion of the
ultrasound probe by means of a 2-dimensional visual display.
It is accepted that laparoscopic skill and performance metrics
improve with training and experience.” Similarly, it might be
expected that an ultrasonographers' performance would im-
prove with training and practice. It is hypothesized that as nov-
ices gain experience and familiarity with a technique that their
performance evolves,'? this is often referred to as a learning
curve. The reasons for this are complex, related to familiarity
with the task at hand, the surgical equipment, its limitations,
and an appreciation of normal anatomy.

Simulation has been proposed as a strategy to shorten skill
acquisition time and to allow clinicians learn in a safe,
blame-free environment. Ultrasound seems an ideal candi-
date, but uptake has been disappointing. This might be be-
cause little attention has been focused on how to effectively
integrate simulation into modern training curricula. A recent
survey of UK trainees in obstetrics and gynecology reported that
79% considered simulation essential for training in ultrasound
and that 90% would participate in a formal simulation-based
training program. When provided, 76% of trainees found the
simulator useful for improving clinical skills. Fifty-four percent
never, or rarely, used the ultrasound simulation facilities avail-
able to them, citing a lack of formal guidance, unawareness of
facilities, inconvenient access times, clinical workload, and time
pressures as barriers to participation.'!

The aims of this review are to investigate the use of
high-fidelity simulation in obstetric ultrasound, to identify its
usability for learners, and to establish if the skills obtained in
a simulated environment can be translated to improved clini-
cal performance.

The central question in this review is: do training tools en-
hance training and prepare trainees for clinical practice?

The secondary questions are if skills can be transferred to
the clinical setting and if transferred skills are robust and
sustained in the medium and long term?
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METHODS

Protocol and Registration

A systematic review was conducted of the currently avail-
able literature. The review was completed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses standards for quality of reporting systematic re-
views.'? The protocol was registered on the International Pro-
spective Register of Systematic Reviews'” database in February
2019 as, “High-fidelity ultrasound simulation in obstetric ul-
trasound. Serious training tools or gaming toys? A review of
the current literature,” reference number CRD42019122974.
The registered protocol is available on the Prospero database
at https://www.crd.york.ac.uk/prospero/.

Eligibility Criteria

Studies considering the use of simulators in the training or
assessment of ultrasound operators were eligible for inclusion.
The PICO (Population, Interventions, Comparisons and Out-
comes) model was considered when designing the search strat-
egy.'* The Population was considered to be any trainee in
ultrasound, and these may be doctors or allied health profes-
sionals. Interventions considered suitable were any use of a
simulator, either before commencing clinical training or con-
current with clinical training. Suitable comparators included
cohorts not trained on simulators, either in a parallel or cross-
over design. Outcomes showing a positive, negative, or no cor-
relation on performance after the use of ultrasound simulators
were considered suitable for inclusion.

Information Sources

The search strategy developed was intended to provide re-
sults of relevance to training in obstetric ultrasound, which
was agreed between the named authors. The search was com-
pleted on October 30, 2018. The search strategy used 4 data-
base search tools: PubMed, EMBASE, Scopus, and Web of
Science. Publications for inclusion were identified using the
search terms “Simulat*” & “Training” & “Obstetric*,” either
as keywords or contained within the article tittle. The “obstet-
ric*” wildcard was used to capture variations including “obste-
trician,” “obstetrics,” and “obstetric.” “Simulat*” wildcard was
used to capture variations such as simulated, simulation, and
simulator. The search terms were combined using the Boolean
operator “OR.” The search was limited to articles in English
and duplicates were removed by the author (B.P.D.) as part
of the screening procedure to assess full-text articles for inclu-
sion. No further articles were identified by examining the bib-
liography of the articles read in full.

Search

The process is represented in Figure 1. A total of 2581
records were identified. A total of 2470 were excluded by
screening the titles of the abstract. The reasons for exclu-
sions were non-English, different topic, nonobstetric ultra-
sound, conference/congress abstract (full text not available),
and communication to editor. From a pool of 2581 results,
111 were retrieved from the search engine results for screen-
ing. Once duplicates were excluded and abstracts were exam-
ined for relevance 39 articles were deemed suitable for
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FIGURE 1. The search strategy undertaken. The Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow chart is in-

cluded as Figure 1.

inclusion. Three full-text articles were excluded as the content
was not relevant to simulation in ultrasound.

Study Selection

The remaining 36 articles were read in full. The motiva-
tion for this review was, as stated earlier, to determine whether
the literature has reported behaviors, which could be used to
establish the utility of simulators in obstetric ultrasound train-
ing. Studies that considered the use of high-fidelity simulators
in ultrasound were considered for inclusion. The concept of
“fidelity” refers to the realism of a particular simulator, how
closely the simulator replicates the task being learned. All sim-
ulators replicate one, or more, parts of a clinical task for the
purposes of education. High-fidelity simulators generally have
some degree of computer control, interactivity, or trainee
feedback. High-fidelity simulators are thought to increase
realism and to have greater educational value because of
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this. Although there is wide variation in the design of ultra-
sound simulators, all are, by their nature, high-fidelity sim-
ulators. No studies were excluded based on the type of
simulator used.

Studies examining the use of simulators in obstetric ultra-
sound or systematic reviews on the topic were eligible for inclu-
sion. All of the included studies included novice operators.
Study design was varied. Authors chose to compare novice
and expert performance when using a simulator, whereas others
chose to observe novice behavior before and after using a simu-
lator. Studies were not excluded based on the type of medical
professional selected to form the novice/inexperienced group
as we recognize that obstetric ultrasound is performed by clini-
cians from a variety of backgrounds, including radiology, ob-
stetrics, midwifery, and sonographers.

No studies were excluded based on their date of publication,
as commercially available, high-fidelity ultrasound simulators
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are relatively new to the market. All studies were published be-
tween 2002 and 2018.

Studies were excluded if their primary outcomes were not
in obstetric ultrasound. Studies were also excluded if the study
did not include an educational intervention using a simulator.
Although ultrasound validation studies were included in the
qualitative analysis, these were excluded from the quantitative
analysis as the primary outcome measured simulator perfor-
mance rather than the learners' change of performance.

Data Collection Process

Two researchers independently reviewed the 36 full-text
articles. Discrepancies were resolved by discussion of the valid-
ity of the methods and quality of the continent within the ar-
ticle. After discussion, 8 studies'>** were included in the
qualitative analysis, 4 studies were included in the quantitative
analysis and 4 studies did not report findings in a format suit-
able for inclusion in the meta-analysis.

Data Items

A database of the 36 included articles was created using
Microsoft Excel. For each full-text article read, the following
data were recorded; title, author, article title, journal title, key-
words, problem statement, research method, statistical
methods used, number of included participants, author con-
clusions, findings in relation to past research, reviewer sum-
mary, and reviewer notes.

Statistical Analysis—Risk of Bias

As part of the data collection and meta-analysis analysis
process included studies were scored using the Medical Educa-
tion Research Study Quality Instrument (MERSQI) tool.”’
The MERSQI is an instrument developed for measuring the
quality of education research studies. The maximum score is
18, made up from the flowing domains: study design (3),
number of institutions sampled (1.5), follow-up (1.5), out-
come assessment (3), validity evidence (3), data analysis (3),
and outcome type (3). A score of 12 or higher is considered
an indication of high study quality. The MERSQI authors de-
scribe their assessment of 210 medical education research
studies published in 13 peer-reviewed journals. Over a
15-month period, the mean MERSQI score was 9.95
(SD = 2.34; range = 5-16). We calculated the mean MERSQI
score for included articles of 11.88 (SD = 1.81; range =
9.5-15). In this context, the articles included are, at least, re-
flective of study quality seen in broader medical education.

Statistical Analysis—Summary Measures and Synthesis of Results

Review Manager 5.3** (The Cochrane Collaboration,
2014.) was used to produce forest plots of the included studies.
Meta-essentials*> running on Excel (Microsoft Excel for Mac
Version 16.32) was used to perform the meta-analysis and to
calculate the sensitivity and specificity of each included study.
The results are shown in Figure 2, finding favorable effect for
improved accuracy of biometry in obstetric ultrasound after
simulation training.

All the included studies had similar methodology and all
included novice participants. In all studies, a group of novice
operators was asked to complete a specified training package.
Their performance was compared before and after completion
of the training package. No study compared novice with expert
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performance, either before or after the training. No study
compared objective clinical performance before and after
training. All studies were competed in a training center, or
simulation suite, and none were undertaken in a clinical area.
Measures of heterogeneity indicated moderate heterogeneity.
Cochrane Q value was calculated at 6.73.

Eight studies were included in the qualitative analysis, all 8
studies recruited doctors. None of the included studies recruited
nurses, sonographers, midwives, or students. Five studies re-
cruited doctors from obstetrics and gynecology,'”'”**** and
the remaining studies recruited trainees in emergency medi-
cine'® and radiology.”' One study recruited any postgraduate
year 0-5 doctor.'® The calculated I* value of 40% indicates
moderate heterogeneity between the studies, despite difference
in design, methodology, and reporting. In total, 6 models of
simulator were used, UltraSim, VimedixTM US simulator, Ca-
nadian Amnio Model, Scantrainer, UltraSim, and SonoTrainer.
A summary of the findings of the qualitative analysis is pre-
sented in Table 1.

RESULTS

The results of the meta-analysis find that superior perfor-
mance has been achieved after training using high-fidelity ul-
trasound simulation. All the evaluated results considered
performance before and after a training event using an ultra-
sound simulator.

As detailed in the methodology, 8 studies were in-
cluded in the qualitative analysis. Five outcome measures from
4 studies were included in the quantitative analysis.'>'®*"** In
total, 214 participants were recruited to the 4 studies and 129
were novice participants (56%). All 4 studies reported positive
effect on operator performance. Specifically, the performance
improvements were noted in the measurement of crown rump
length (CRL, reported in 3 studies) and in femur length (FL,
reported in 2 studies). These improvements were seen, regard-
less of the model of simulator used. Across the 8 studies, 6
models of simulator were used.

All studies had similar aims, but the subsequent training
or instruction differed. All studies established baseline perfor-
mance for each user, and all studies did this using a simulator.
All studies used a single model of simulator. The participants
undertook assessment and training on the same model of sim-
ulator. Studies by Burden et al,” Lous et al,%° Todsen et al,'®
Chalouhi et al,"” Pitttini et al,'® and Jensen et al*® required partic-
ipants to attend a single simulator session, and these studies did
not compare simulator-based training to other training methods.

Madsen et al*® repeatedly assessed participants over
2 months, whereas Monsky et al*' required participants to
compete 10 hours of self-directed learning using the simulator
and compared final performance to doctors of similar grade
who had not participated.

Three studies examined operator performance in the first
trimester of pregnancy measuring the CRL. The remaining 2
studies examined performance in fetal biometry in the second
trimester. One study specifically reported FL, but other mea-
sures of fetal biometry were not reported. Some studies used
expert operators as a control group. One study compared the
use of a high-fidelity ultrasound simulator to a theoretical
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Cl Cl

Study name Heges'g Lower Upper Weight
limit  limit =0
Burden (2013) CRL -0.428301 -1.300339 0.4157542 15.61%
Monsky et al (2002) CRL -1.544364 -2.33813 -0.820886 17.91%
Maul (2004) CRL -0.755759 -1.302792 -0.226732 25.39%
Lous (2017) FL -0.421251 -0.942697 0.0891016 26.40%
Burden (2013) FL -1.020013 -1.951358 -0.155312 14.68%

Total (95% Cl) n = 214

FIGURE 2. Forest plot diagram of meta-analysis. Four studies reported outcomes of fetal biometry, which were suitable for inclusion in

the analysis.

training package, one study compared 10 hours of self-direct
learning using the UltraSim to conventional clinical training.

As stated earlier, the aims of this review were to investigate
the use of high-fidelity simulation in obstetric ultrasound, to
identify its usability for learners, and to establish whether the
skills obtained in a simulated environment can be translated
to improved clinical performance, which is sustained over
time. The articles included in the qualitative review have been
scored against these aims in Table 2. The study design used by
authors predominantly focused on the functionality and us-
ability of ultrasound simulators. Most studies have not focused
on how skills are translated from the simulation suite into the
clinical environment, how the acquired skills translate to clin-
ical practice, and if the skills are maintained over time.

DISCUSSION

All the included studies look to validate the concept of using
simulation for training or assessment in obstetric ultrasound.
This finding is reassuring and supports the uptake of simula-
tion as a training methodology across many medical special-
ties. Our meta-analysis shows that skills can be acquired,
improved, and assessed by means of a high-fidelity simulator.
In particular, our findings suggest that simulation can be best
used for acquisition of technical skills'> and image optimiza-
tion.?” Superior technical ability may accelerate a learner's
time to competence.”’ Our review of the literature finds that
simulation training can be used to equip novice ultrasound
practitioners with sufficient skills to perform basic obstetric ul-
trasound in a clinical environment under direct supervision.
Our findings suggest that consideration ought to be given
to integrate simulation training into the clinical curriculum.
Even in research settings trainees reported clinical commit-
ments as barriers to engaging with simulation training.'’ The
highest levels of engagement, 90%, were seen when participa-
tion was mandated by the faculty by Monsky et al.>! The au-
thors undertook simulator-based assessment of radiology
residents before taking overnight call. The authors were sur-
prised to find that their findings challenged established beliefs
within the radiology department that residents were suitably
and adequately trained before taking up semiautonomous clin-
ical practice. The participant survey also highlighted residents'
concerns about their own preparedness for overnight calls. As
a result, the authors modified the residency training program
at their hospital. The redesigned curriculum addressed these
concerns, and an additional 8 weeks of targeted, clinical train-
ing, focusing specifically on transvaginal ultrasound was pro-
vided. Twelve months later, the experiment was repeated. The
authors found that residents performed significantly better on
the simulator and reported higher confidence in performing
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ultrasound. Senior clinicians also reported higher subjective
performance scores for residents when being assessed.

Studies by Chalouhi et al*’ and Maul et al** showed that
even novice operators could achieve competent performance
in obstetric ultrasound when being trained by means of simu-
lation alone. The authors compared their simulation-based
curriculum with conventional didactic teaching of ultrasound
theory and practice.

The example of simulator use in pilot training is often
used as justification for the use of simulation in medical edu-
cation. It is true that high-fidelity simulators are universally
used for training airline pilots. When considering the use of
simulation in medicine, it is important to understand that
full-motion flight simulators are integrated into pilot training,
assessment, and licensing. Initial pilot training and recurrent
assessment in a simulator take place every 6 months for com-
mercial pilots. Mandatory emergency simulator sessions allow
trainers to create an entirely immersive experience, recreating
the systems and motion of the aircraft and the human factors,
which have been recurrent contributors to accidents and near
misses. None of the simulators described to date have ad-
dressed the clinical context in which the trainee will eventually
work. The current devices focus on technical skills proficiency,
while ignoring communication with patients and colleagues,
distractions, and clinical management, which contribute to over-
all clinical performance. Our review finds that that trainees in ob-
stetric ultrasound can benefit from the use of a high-fidelity
simulator but that these tools are not formally integrated into
medical education curricula. It is preferable that training pro-
grams be based on objective outcomes, rather than trainer re-
ports and arbitrary numbers of cases recorded in a log book.

We suggest that high-fidelity ultrasound simulation can be
used to train users more quickly; however, our study is limited
by the heterogeneity of the evidence base. The wide disparity in
maternal-fetal medicine (MFM) training curricula globally is
reflected in the heterogeneity of the studies and reported out-
comes. These limit the generalizability of our results, as we were
able to include 4 studies and a total of 214 participants in the
meta-analysis. Even with these limited numbers, we were able
to show a positive effect for simulation training. The positive re-
sult may reflect that by using a simulator, the participants were
gaining tuition and experience that they would not otherwise
have been exposed to. The effects seen might be attributable to
additional intentional practice, rather than the simulator itself.
Because all studies carried out baseline assessment, training,
and subsequent assessment on the same model of simulator, it
is possible that the results reflect user familiarity with the simula-
tor, rather than a true improvement in clinical skill. The limita-
tions of the study highlight the need for future research to
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consider how skills acquired in the simulation setting translate to
a clinical setting. Research methodology and study design need
careful consideration, as pretest/posttest designs may overesti-
mate the effect of the intervention.

Based on this literature review, our group is developing a
longitudinal study to assess trainees using baseline scans on
pregnant volunteers and then allow them to undertake a train-
ing package or clinical attachment. At the end of the attachment,
the participants will be asked to undertake fetal biometry in a
clinical setting. This will allow us to understand how skills ob-
tained in a simulated environment can be translated to clinical
reality and how robust skills are when presented with the
variability inherent in obstetric scanning because of maternal
habitus, stage of pregnancy, fetal presentation, and position.

CONCLUSIONS

This review finds evidence of benefit for high-fidelity ultra-
sound simulation. The evidence for deployment in training
is limited, but the authors have found their own training cur-
ricula challenged by the introduction of simulation-based
training and assessment. In these instances, simulation has
been used to augment traditional learning, with a strong focus
on specific, objective, and measurable clinical outcomes, audit,
and revision of the curriculum based on learner feedback.

Further investigation of ultrasound simulation in training
should follow models closer to pilot training, were training,
and ongoing assessment are routine, mandatory, and com-
pleted by all grades. The inertia to adopt simulation as a valid
means of learning can be challenged by considering the design
of further studies now that the utility and validation of this
equipment are established.

Simulation is best considered as a waypoint to allow the
learner to transition to semiautonomous practice in a super-
vised, clinical setting. By integrating ultrasound simulation
into training curricula and promoting self-directed learning,
trainees could contribute to the clinical service while learning
a complex skill. Integrating ultrasound training into clinical
workflow would allow us to establish if skills acquired in the
simulated environment correlate with clinical performance
and if skills are maintained in the longer term, which has been
poorly considered by the literature to date.
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