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Abstract

Introduction: Focused cardiac ultrasound (FoCUS) is widely used for the point-of-care evaluation of basic
cardiac pathology, and there is a need for efficient and consistent training in this modality. We designed a
simulator-based FoCUS curriculum that integrates instructional scaffolding and deliberate practice to
create a directed, self-regulated learning experience for novices. The goal of this strategy was to guide
the novice’s learning efforts more efficiently and moderate cognitive load while retaining the benefits of
independent learning. Methods: The complex task of learning cardiac ultrasound is broken into discrete
steps, with focused didactic information immediately followed by targeted simulator practice for each
module. The practice complexity increases through successive modules, and learners ultimately apply
their skills by completing unassisted simulator cases. Immediate visual and quantitative feedback is
provided by the simulator whenever an ultrasound image was captured during practice. The entire
curriculum is self-guided. Results: Sixteen nurse practitioners and resident physicians completed this
FoCUS curriculum. In comparison to a previously validated, lecture-before-practice-style curriculum, the
average time to completion decreased from 8.0 £ 2.5 hours to 4.7 £ 1.9 hours (p <.0001). There was no
difference in posttraining cognitive or psychomotor outcomes between the curricula as measured by a
simulator posttest. Discussion: A curriculum integrating scaffolding and deliberate practice provides a
more efficient, but equally effective, means of teaching psychomotor and cognitive skills in FOCUS. These
instructional design principles may translate to other operational learning tasks and allow novices to build
skills and reach basic competency more rapidly.
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Educational Objectives

After completion of this simulator curriculum, learners will be able to:

1. Obtain six standard cardiac ultrasound views in a supine patient using a portable ultrasound machine,
either accurate within 15 degrees of the optimal view as measured by a high-fidelity simulator or
determined to be of adequate quality by an expert instructor.

2. Identify the normal anatomical structures that should be visualized in each ultrasound view.

3. Analyze the appearance and function of anatomic structures as normal or abnormal based on learner-
obtained cardiac ultrasound images.

4. Diagnose basic cardiac pathology through interpretation of learner-obtained cardiac ultrasound
images.

Introduction

Focused cardiac ultrasound (FoCUS) is a widely used tool for the diagnosis of basic cardiac pathology at
the point of care and is increasingly utilized by a range of providers in multiple specialties. Using a
portable ultrasound machine, a provider performs a brief cardiovascular ultrasound in order to evaluate a
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limited number of cardiac diagnoses. Ideally this allows for rapid identification of specific pathology and
aids clinical decision-making. However, cardiac ultrasound is a complex task that requires psychomotor
skill for image acquisition, cognitive skill for image interpretation, and the ability to integrate information
from multiple ultrasound views with the larger clinical picture to make diagnostic and management
decisions. The accuracy and utility of FOCUS is largely dependent on user skill. Misinterpretation or
incorrectly acquired images can lead to diagnostic error and clinical mismanagement, and such errors are
higher when ultrasound is performed by providers who have had limited training compared with more
experienced providers.3

Despite the widespread usage and risks of operating with only brief or incomplete training, many trainees
who perform FoCUS receive little or no formal training in image acquisition or interpretation. While there
are no surveys on the prevalence of FOCUS training or teaching practices across specialties, data taken
from anesthesia residency programs indicates that there is a paucity of formal FoCUS instruction.*
Similarly, need for improved training has also been recognized by the American Society of
Echocardiography.® Further, the fact that didactics are separated from episodes of hands-on practice that
are delivered over few sessions is a limitation of existing resident training programs.5'° Such programs are
generally time-limited and do not allow flexibility for variation in learner needs to reach mastery of target
skills.

At our institution, most residents receive no formal training in cardiac ultrasound. Within internal medicine,
resident training is received on an informal basis through a traditional “see one, do one, teach one”
approach. Our aim was to create a consistent and efficient training program in FoCUS for novices. We
attempted to optimize a previously existing, didactic-before-practice-style simulator curriculum by
incorporating the instructional design principles of scaffolding and deliberate practice. The goal of this
approach was to build a directed and self-regulated learning experience that guides the novice’s learning
efforts more efficiently and moderates cognitive load,'? while retaining the benefits of independent
learning.

Scaffolding is an instructional technique wherein temporary support is provided for the early learner, either
directly by an instructor or built into curricular structure.’" This allows the learner to reach a level of
comprehension and master skills that they would not be able to easily reach alone. As the learner
advances, the level of support gradually decreases until the learner reaches independent competence.
The goal of deliberate practice is focused, repetitive training for constant improvement in a target skill.'>'®
It is well established as an approach to reaching skill mastery and, when paired with simulator-based
education appears superior to traditional clinical education.” While the curricular materials presented here
are tailored to simulator-based cardiac ultrasound, the integration of scaffolding and deliberate practice
into training is a key concept that could be applied to a variety of other procedural or operational learning
tasks that require a combination of cognitive and technical skills.

Methods

We incorporated the concepts of scaffolding and deliberate practice into a standard curriculum, termed
the integrated didactic and experiential learning (IDEL) curriculum, by breaking the complex learning task
of cardiac ultrasound into the discrete steps described below. In general, focused didactic information was
immediately followed by targeted simulator practice for each module. Except for initial instruction on how
to use the simulator interface, an instructor was not present during training. No prerequisite knowledge
was required for learners. Learners completed the curriculum over multiple sessions of variable length
based on their individual availability. All training was self-paced, and learners could repeat practice cases
as desired. The practice complexity increased through successive modules, and learners ultimately
applied their skills by completing unassisted simulator cases.

Materials needed:

« Cardiac ultrasound simulator with mannequin, mock transducer, and computer with monitor.
« Patient cases with ultrasound images and clinical report of findings and diagnoses.
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. Didactic presentations.
« Pre- and posttests.

All FoCUS training was implemented using a high-fidelity simulator previously developed at the University
of Washington (Appendix A)."® Immediate visual and quantitative feedback on image accuracy was
provided by the simulator whenever an ultrasound image was captured during training. Learners had the
opportunity to obtain multiple images during practice and could then choose the one they believed to be
highest quality. This simulator was previously associated with a locally developed and validated standard
curriculum that followed a traditional didactic-before-practice approach.’ Didactic information provided via
the simulator, was presented in entirety at the beginning of training, with instruction in how to obtain six
standard views, identify normal anatomy, and interpret abnormal findings. This was followed by a series of
practice cases, where the learner was asked to obtain six views and interpret findings for each case.

The IDEL curriculum (Appendix B) was composed of 19 required modules. Scaffolding was built into the
curricular design through graduated skills and increasing difficulty of learning tasks. There was an initial
focus on technical acquisition and the normal anatomy, viewed one at a time, followed by assessment of
pathologic findings of cardiac structures, viewed one at a time. Opportunity for deliberate practice
included specific scanning tasks that could be repeated as needed based on quantitative and visual
feedback from the simulator, as well as review of targeted feedback on common novice errors provided
with the didactic material.

Modules one and two introduced basic cardiac ultrasound principles and patient positioning. Modules
three through eight presented standard cardiac views: parasternal long axis (PLAX) and parasternal short
axis at the levels of the mitral valve and mid-ventricle, apical four chamber, subcostal four chamber, and
inferior vena cava. Instruction on the technical acquisition and expected anatomy for each of the standard
cardiac views was immediately followed by practice in image acquisition on a simulator case of a normal
heart.

Modules 10 through 16 focused on the diagnosis of basic pathology and were presented by cardiac
structure. Instructions on how to evaluate a specific cardiac structure, such as the left ventricle or
pericardium, were followed by simulator-based practice scanning of abnormal hearts to obtain and
interpret pathology in that structure. Modules 17 through 19 presented cases when learners performed a
full FoCUS exam, obtaining all the standard cardiac views and identifying pathology. Modules 20 through
21 offered additional practice cases as optional training.

Learners completed multiple-choice question tests (Appendix C) addressing cognitive skill in FOCUS
before and after training. Learners also completed a pretraining scanning test of psychomotor skill, which
consisted of either one simulator case or scanning a standardized patient. All learners completed a
posttraining scanning test of psychomotor skill, which consisted of three simulator cases.

This curriculum is potentially translatable to a lower resource setting if there is no high-fidelity simulator
available, although the need for instructors and standardized patients would significantly increase the
personnel requirements for implementation. While all didactics in the IDEL curriculum are integrated into
the simulator, the same material could be presented in a variety of nonsimulator settings (PowerPoint,
printed or electronic self-study modules, etc.). See Appendix D for prepared PowerPoint slides that could
be used for didactic teaching, and additional pictures and diagrammatic illustrations may be used to
supplement these slides and are readily available online. As stated previously, in lieu of the simulator for
hands-on practice, volunteer or standardized patients can be used. An instructor should be present to
observe the practice scanning and offer real-time feedback on image quality. Pre- and posttraining
scanning tests should be performed on a standardized patient.

The key principles of scaffolding and deliberate practice that should be maintained are as follows:

- Present didactics on acquisition and normal anatomy one view at a time.
- Immediately practice each view after didactics, with the opportunity to repeat as needed.
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« Present analysis of pathology by cardiac structures, one structure at a time, integrating information
from multiple views as needed.

- Immediately practice assessing each structure, with the opportunity to repeat as needed.

« Have multiple patients/cases available if possible so learners are exposed to clinical variety.

Results

Sixteen subjects trained on the IDEL curriculum, including eight first-year internal medicine residents, one
second-year internal medicine resident, and six nurse practitioners. Their results were compared to 22
first-year residents who had previously trained on the standard curriculum. This group was composed of
18 internal medicine residents, two in anesthesiology, and one each in family medicine and surgery
(Table).

Table. Pre- and Posttraining Test Scores?

Skill and Curriculum M+ SD (n)
Psychomotor skill® pretraining
Standard curriculum 83 + 28 (22)
IDEL curriculum 73 + 48 (6)
Psychomotor skill® posttraining
Standard curriculum 36 £ 24 (22)
IDEL curriculum 26 £ 25 (16)
Cognitive skill pretraining
Standard curriculum 44 £19 (22)
IDEL curriculum 44 +19 (6)
Cognitive skill posttraining
Standard curriculum 72 £ 8 (22)
IDEL curriculum 65 £ 14 (16)

Abbreviation: IDEL, integrated didactic and experiential learning.
aAll p values nonsignificant.
bDegree of angle error.

The average pretraining test scores were not significantly different between the standard and IDEL
curriculum groups in either the technical or cognitive skill domains. After training on the IDEL curriculum,
learners’ psychomotor and cognitive skills were similar to the skill levels reached on the standard
curriculum. Both groups showed significant gain in psychomotor skill as measured by the degree of angle
error between learner-acquired image plane and the optimal image plane. Two of the learners on the
standard curriculum had an increase in their angle error after training due to scanning with the probe
rotated 180 degrees, causing left-right reversal. It should be noted that the IDEL curriculum group
completed training in significantly less time (4.7 + 1.9 hours) than the standard curriculum group (8.0 + 2.5
hours), p <.0001.

Discussion

We optimized an existing simulator-based FoCUS curriculum by integrating instructional scaffolding and
deliberate practice to create a directed, self-regulated learning experience for novices. Compared to the
previously validated, simulator-based curriculum, the level of posttraining psychomotor and cognitive skill
achieved by our subjects was comparable to that of the standard didactic curriculum. However, the IDEL
curriculum was associated with significantly faster skill acquisition compared to the traditional “didactic-
before-practice” curriculum.

The simulator technology used in both the IDEL and standard curricula has key features for facilitating
effective learning, including the provision of immediate feedback, clinical variety, and a range of
difficulty.2% The IDEL curriculum was modified to maximize the integration of adult and experiential
learning techniques as well as provide an iterative learning process.2' Each segment of the didactic
information was immediately connected with targeted practice scanning to create a problem-centered
approach that placed the trainee at the center of the learning process and increased the amount of active
learning time. The curriculum was scaffolded by separating normal from abnormal anatomy, and parsing
out the overall learning goal into graduated tasks. In addition to the immediate quantitative feedback
provided by the simulator on psychomotor skill, qualitative feedback on common novice errors was
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offered to encourage learner self-reflection and facilitate the ability of trainees to identify and correct their
errors. While these modifications were built into the simulator in this curriculum, these are core
instructional design principles that can be applied to other teaching modalities.

Although FoCUS training is optimal when provided by expert faculty on a one-on-one basis,?2 and
mentored training in ultrasound is recommended by both the American Society of Echocardiography and
the European Society of Echocardiography,'23 expert sonographers and cardiology faculty are a limited
resource. A unique advantage of this simulator-based IDEL curriculum model for FoCUS is the integration
of entirely self-directed didactics and independent simulator training that does not require faculty
presence. The utilization of this curriculum removes potential barriers to training, such as in situations
when there are large numbers of learners or remote learners with limited access to one-on-one teaching
by expert faculty. Further, this fromat also allows for variation in the rate of skill acquisition between
trainees, as each individual learner is able to invest as much practice time as needed to attain the desired
level of skill. This could allow simulation to be used as an initial training step in providing early instruction
and ensuring a basic level of competence so that expert faculty time can be directed to more advanced
training. Independent learning and practice could also allow for ongoing maintenance of skills as needed.

While the independent nature of this curriculum provides potential benefits, there may be an inherent limit
on the degree of skill that a novice can independently gain in FOCUS given the complexity of the learning
task. Although the IDEL curriculum offered anticipatory feedback for common novice errors, the onus
remained on the learner to self-diagnose and correct their technical deficiencies. This may have
contributed to the similar posttest cognitive and psychomotor skill levels seen in the standard and IDEL
curricula. The small number of learners was likely an additional limiting factor in demonstrating significant
difference.

The employment of historical controls and small number of learners in this analysis are potential limitations
on the generalizability of the present results. We have already initiated a prospective study in which
learners are randomized between the two curricula. Additionally, all outcome measures were validated
and quantitative skill metrics based on scanning a mannequin rather than on live patients. The correlation
between simulator-based skill assessment and assessment on live patients is also ongoing.

Although it is impossible to assess the effect size for each curricular change made in this analysis, the net
increased efficiency of integrating and scaffolding didactics with deliberate practice demonstrated in this
analysis has potentially far-reaching implications for efficiency of novice training. Further study on larger
samples is needed to confirm the present findings. However, these results support shifting curriculum
away from the lecture before practice and the “see one, do one” paradigms of learning. This approach
may also be effective if applied to other learner groups or methods of training and merits further study in
these settings.

Shannon McConnaughey, MD: Chief Resident, Department of Medicine, University of Washington Medical Center
Rosario Freeman, MD: Professor, Division of Cardiology, University of Washington Medical Center
Sara Kim, PhD: Professor, Department of Surgery, University of Washington Medical Center

Florence Sheehan, MD: Professor, Division of Cardiology, University of Washington Medical Center

Disclosures
None to report.

Funding/Support

Dr. Sheehan reports grants from Stemmler Foundation, grants from Coulter Foundation, grants from John L. Locke Jr. Charitable
Trust, during the conduct of the study; others from Sheehan Medical LLC, and others from Ventripoint Inc., outside the submitted
work.

10.15766/mep_2374-8265.10671
Association of American Medical Colleges (AAMC) 5/6

vy
>
<
o


https://doi.org/10.15766/mep_2374-8265.10671
https://doi.org/10.15766/mep_2374-8265.10671

MedEdPORTAL®

The Journal of Teaching and Learning Resources

Ethical Approval
This publication contains data obtained from human subjects and received ethical approval.

References

1.

20.

21

22.

23.

Melamed R, Sprenkle MD, Ulstad VK, Herzog CA, Leatherman JW. Assessment of left ventricular function by intensivists using
hand-held echocardiography. Chest. 2009;135(6):1416-1420. https://doi.org/10.1378/chest.08-2440

Martin LD, Howell EE, Ziegelstein RC, Martire C, Shapiro EP, Hellmann DB. Hospitalist performance of cardiac hand-carried
ultrasound after focused training. Am J Med. 2007;120(11):1000-1004. https://doi.org/10.1016/j.amjmed.2007.07.029

DeCara JM, Lang RM, Koch R, Bala R, Penzotti J, Spencer KT. The use of small personal ultrasound devices by internists
without formal training in echocardiography. Eur J Echocardiogr. 2003;4(2):141-147. https://doi.org/10.1053/euje.4.2.141

Conlin F, Roy Connelly NR, Raghunathan K, Federici J, Schwabauer A. Focused transthoracic cardiac ultrasound: a survey of
training practices. J Cardiothorac Vasc Anesth. 2016;30(1):102-106. https://doi.org/10.1053/j.jvca.2015.05.111

Spencer KT, Kimura BJ, Korcarz CE, Pellikka PA, Rahko PS, Siegel RJ. Focused cardiac ultrasound: recommendations from the
American Society of Echocardiography. J Am Soc Echocardiogr. 2013;26(6):567-581. https://doi.org/10.1016/j.echo.2013.04.001
Lim S, Hayden S, Kritek P, et al. Point-of-care ultrasound for critical care. MedEdPORTAL. 2013;9:9619.
https://doi.org/10.15766/mep_2374-8265.9619

Chisholm CB, Dodge WR, Balise RR, Williams SR, Gharahbaghian L, Beraud AS. Focused cardiac ultrasound training: how much
is enough? J Emerg Med. 2013;44(4):818-822. https://doi.org/10.1016/j jemermed.2012.07.092

Jones AE, Tayal VS, Kline JA. Focused training of emergency medicine residents in goal-directed echocardiography: a
prospective study. Acad Emerg Med. 2003;10(10):1054-1058. https://doi.org/10.1197/S1069-6563(03)00346-4

Beraud AS, Rizk NW, Pearl RG, Liang DH, Patterson AJ. Focused transthoracic echocardiography during critical care medicine
training: curriculum implementation and evaluation of proficiency. Crit Care Med. 2013;41(8):e179-e181.
https://doi.org/10.1097/CCM.0b013e31828e9240

Vignon P, Mucke F, Bellec F, et al. Basic critical care echocardiography: validation of a curriculum dedicated to noncardiologist
residents. Crit Care Med. 2011;39(4):636-642. https://doi.org/10.1097/CCM.0b013e318206cTe4

Brydges R, Dubrowski A, Regehr G. A new concept of unsupervised learning: directed self-guided learning in the health
professions. Acad Med. 2010;85(10 Suppl):S49-S55. https://doi.org/10.1097/ACM.0b013e3181ed4c96

van Gog T, Ericsson KA, Rikers RMJP, Paas F. Instructional design for advanced learners: establishing connections between the
theoretical frameworks of cognitive load and deliberate practice. Educ Technol Res Dev. 2005;53(3):73-81.
https://doi.org/10.1007/BF02504799

Hammond J, Gibbons P. What is scaffolding? In: Burns A, de Silva Joyce H. Teachers’ Voices 8: Explicitly Supporting Reading
and Writing in the Classroom. Sydney, New South Wales, Australia: National Centre for English Language Teaching and
Research, Macquarie University; 2005:8-16.

Wood D, Bruner JS, Ross G. The role of tutoring in problem solving.J Child Psychol Psychiatry. 1976;17(2):89-100.
https://doi.org/10.1111/].1469-7610.1976.tb00381.x

Ericsson KA. Deliberate practice and acquisition of expert performance: a general overview. Acad Em Med. 2008;15(11):988-
994. https://doi.org/10.1111/j.1553-2712.2008.00227.x

Ericsson KA. Deliberate practice and the acquisition and maintenance of expert performance in medicine and related domains.
Acad Med. 2004;79(10 Suppl):S70-S81. https://doi.org/10.1097/00001888-200410001-00022

McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB. Does simulation-based medical education with deliberate
practice yield better results than traditional clinical education? A meta-analytic comparative review of the evidence. Acad Med.
2011;86(6):706-711. https://doi.org/10.1097/ACM.0b013e318217e119

Sheehan FH, Otto CM, Freeman RV. Echo simulator with novel training and competency testing tools. Stud Health Technol
Inform. 2013;184:397-403.

Skinner AA, Freeman RV, Sheehan FH. Quantitative feedback facilitates acquisition of skills in focused cardiac ultrasound.
Simul Healthc. 2016;11(2):134-138. https://doi.org/10.1097/SIH.0000000000000132

Issenberg SB, Mcgaghie WC, Petrusa ER, Gordon DL, Scalese RJ. Features and uses of high-fideilty medical simulations that
lead to effective learning: a BEME systematic review. Med Teach. 2005;27(1):10-28.
https://doi.org/10.1080/01421590500046924

Kolb DA. Experiential Learning: Experience as the Source of Learning and Development Upper Saddle River, NJ: Prentice Hall,
1983.

Cawthorn TR, Nickel C, O’'Reilly M, et al. Development and evaluation of methodologies for teaching focused cardiac ultrasound
skills to medical students. J Am Soc Echocardiogr. 2014;27(3):302-309. https://doi.org/10.1016/j.ech0.2013.12.006

Popescu BA, Andrade MJ, Badano LP, et al. European Association of Echocardiography recommendations for training,
competence, and improvement in echocardiography. Eur J Echocardiogr. 2009;10(8):893-905.
https://doi.org/10.1093/ejechocard/jep151

Received: July 14, 2017 | Accepted: December 15, 2017 | Published: January 19, 2018

10.15766/mep_2374-8265.10671
Association of American Medical Colleges (AAMC) 6/6

NV«
>
<
O


https://doi.org/10.1378/chest.08-2440
https://doi.org/10.1016/j.amjmed.2007.07.029
https://doi.org/10.1053/euje.4.2.141
https://doi.org/10.1053/j.jvca.2015.05.111
https://doi.org/10.1016/j.echo.2013.04.001
https://doi.org/10.15766/mep_2374-8265.9619
https://doi.org/10.1016/j.jemermed.2012.07.092
https://doi.org/10.1197/S1069-6563(03)00346-4
https://doi.org/10.1097/CCM.0b013e31828e9240
https://doi.org/10.1097/CCM.0b013e318206c1e4
https://doi.org/10.1097/ACM.0b013e3181ed4c96
https://doi.org/10.1007/BF02504799
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
https://doi.org/10.1111/j.1553-2712.2008.00227.x
https://doi.org/10.1097/00001888-200410001-00022
https://doi.org/10.1097/ACM.0b013e318217e119
https://doi.org/10.1097/SIH.0000000000000132
https://doi.org/10.1080/01421590500046924
https://doi.org/10.1016/j.echo.2013.12.006
https://doi.org/10.1093/ejechocard/jep151
https://doi.org/10.15766/mep_2374-8265.10671
https://doi.org/10.15766/mep_2374-8265.10671

