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1. Deutsche Zusammenfassung

1.1 Einleitung

Die Bedeutung von Ultraschall in der Lehre von Medizinstudierenden hat in Europa
kontinuierlich an Relevanz gewonnen (Prosch et al. 2020). Dabei haben unterschiedliche
Studien gezeigt, dass Ultraschall sowohl zur Verbesserung anatomischer Kenntnisse
(Dreher et al. 2014), als auch zur Férderung schwer fassbarer Krankheitsbilder beitragen
kann (So et al. 2017). Aktuell besteht kein einheitlicher Konsens hinsichtlich der
Integration von Ultraschallunterricht in das herkémmliche Curriculum sowie bezuglich der
anschlieBenden Methodik zur Bewertung der Kompetenzen. Dementsprechend bleibt es
den medizinischen Fakultaten selbst Uberlassen, inwieweit die Eingliederung von
Ultraschall in den Lernplan realisiert wird. Die Art und Qualitéat der Ausbildung hangt dabei
von zahlreichen Faktoren ab, darunter verfiigbare Ressourcen, Anforderungen des
Curriculums, gewahlte Lehrmethoden und Fahigkeiten der Lehrkrafte. Neben dem Fehlen
standardisierter Leitlinien zur Etablierung eines konsistenten Ansatzes zur Integration des
Ultraschalls in die medizinische Ausbildung, hat die weltweite COVID-19-Pandemie
zusatzlich zu einer Umstrukturierung der medizinischen Lehrmethoden gefiihrt und die
progressiven Bemiihungen um eine praxisnahe Ausbildung zuriickgeworfen. Aufgrund
der Einschréankungen des traditionellen Prasenzunterrichts in der medizinischen
Grundausbildung wahrend der vergangenen zwei Jahre wurden neue
Unterrichtskonzepte implementiert. Infolgedessen wurden Studien durchgefihrt, die die
Lehre von Ultraschall mit mobile Geraten oder webbasierten Anwendungen getestet
haben (Situ-LaCasse et al. 2021; Zhang et al. 2022). Trotz dieser technologischen
Fortschritte, sowie dem wachsenden Interesse an Ultraschall, wurden bislang jedoch
begrenzte Anstrengungen unternommen, teledidaktische Ultraschallkurse flr
Medizinstudierende zu entwickeln (Drake et al. 2021). In Publikation A wurde in einem
systematischen Review die unterschiedlichen mdglichen Prufungsformate, die in der
Ultraschallausbildung Anwendung finden, veranschaulicht und ihre Vor- und Nachteile
gegenubergestellt. In Studie B wurde vor dem Hintergrund der COVID-19-Pandemie und
der Abwendung von dem traditionellen Prasenzunterricht ein innovatives teledidaktisches

Ultraschall-Curriculum entwickelt und durchgefiihrt. Publikation C bietet einen Uberblick



tber die Anwendungsbereiche von Ultraschall in der Telemedizin und analysiert
potenzielle Auswirkungen der zunehmenden Digitalisierung auf die Verbreitung von Tele-

Ultraschall.

1.2 Material und Methoden

Eine systematische Ubersichtsarbeit (Publikation A) wurde gemaR der PRISMA-
Richtlinien (Page et al. 2021) erstellt. Publikationen zu der Bewertung und Analyse von
Ultraschallkenntnissen wurden unter Bezugnahme der medizinischen Datenbanken
PubMed, MEDLINE, EMBASE, Cochrane und Google Scholar untersucht. Die Titel sowie
Abstracts wurden auf Einschlusskriterien untersucht und die Referenzlisten der
identifizierten Artikel wurden auf weitere mdoglich relevante Artikel beleuchtet.
Eingeschlossen wurden dabei sowohl prospektive als auch retrospektive Studien,
Beobachtungs- oder Interventionsstudien sowie Studien, in denen verschiedene
Bewertungsmethoden beschrieben werden. Ausschlusskriterien waren folgende: keine
Angaben zur Bewertungsform oder nur deskriptive Daten, doppelte Artikel innerhalb oder
zwischen Datenbanken, Reviews, Abstracts, Newsletter, Konferenzpréasentationen,
Expertenmeinungen und Editorials. Die ausgewahlten Schllsselworter lauteten
Ultraschall oder Sonographie, Ausbildung, Medizin, Bewertung, Prifung sowie
Medizinstudierende. Die Schlusselfragen wurden hierbei nach dem PICOS Format
erarbeitet.

Begleitend zur Recherche fur das systematische Review wurde ein teledidaktischer
Ultraschallkurs ~am  Universitatsklinikum Bonn durchgefuhrt (Publikation B).
Medizinstudierende im Klinischen Abschnitt hatten die Mdglichkeit den Kurs als Wabhlfach
zu belegen. Jeder Teilnehmer erhielt fur die Dauer des Kurses ein mobiles ButterflylQ-
Geréat (Butterfly Network Inc, Delaware, USA) sowie die notwendige Ausstattung. Der Kurs
setzte sich aus sieben wochentlich stattfindenden 90-minitigen Modulen zusammen, die
sich auf die Ultraschalluntersuchung des Abdomens, des Thorax und der Schilddrise
konzentrierten. Die sieben Module waren folgende: Einfihrung in die Ultraschalltechnik,
Focused Assessment with Sonography for Trauma (FAST) (A), Lunge (B), Niere und
Harnorgane (C), Aorta und Vena Cava (D), Schilddriise (E) und Milz (F). Die Module

wurden ausgewdahlt, um den Studierenden ein allgemeines Verstandnis fur die



Anwendung des Point-of-Care-Ultraschalls (POCUS) zu vermitteln (Hoppmann et al.
2022). Dabei wurde jedes Modul in einem Flipped-Classroom-Konzept in
Zusammenarbeit mit der Amboss-Plattform angeboten (AMBOSS GmbH; Kapitel:
Sonografie, Sektion: praktische Fahigkeiten). Flipped-Classroom heil3t dabei, dass die
Module neben Vortragen aktive Anteile wahrend des Unterrichts, sowie Aufgaben zur Vor-
und Nachbereitung beinhalteten. Dieses erganzende E-Learning-Angebot war optional
und bot zusatzliche Kapitel zu jedem der Module, aus denen der Kurs bestand, sowie die
Maglichkeit der Selbstuberprifung durch die Beantwortung von Multiple-Choice-Fragen
(MCQ). AulRerdem begann jedes Modul mit einer Vorlesung, die die Handhabung der
Ultraschallsonde wéahrend der Untersuchung erlauterte und typische Pathologien anhand
von Ultraschallbildern zeigte. Durch diese Vorgehensweise sollte ein klinischer Bezug
hergestellt werden, da die Studierenden sich gegenseitig oder Freunde zu Hause
untersuchten, die in der Regel jung und gesund waren. Anschliel3end an die Vorlesung
wurde die erforderliche Untersuchung live vorgefuhrt und erlautert. Wéahrend der
Vorfuhrung der Ultraschalluntersuchung wurde der Handybildschirm mit den
Studierenden geteilt, um ihnen das Live-Ultraschallbild zu veranschaulichen. Durch die
gleichzeitige Bildschirmibertragung von Ultraschall- und Kamerabildern sollten die
Studierenden die Handhabung der Ultraschallsonde und die korrekte anatomische

Darstellung der Organe nachvollziehen.

Abb. 1 Durchfiihrung des teledidaktischen Ultraschallkurses
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Abb. 1: Es wird die gleichzeitige Bildschirmibertragung von Ultraschall- und
Kamerabildern gezeigt (Entnommen aus Publikation B, Seite 3, Textunterschrift Gbersetzt

ins Deutsche).

A: Das Kamerabild des Peer-Tutors wird mit den Studierenden geteilt, wéhrend die

Untersuchung demonstriert wird

B: Gleichzeitig wird der Bildschirm des Mobiltelefons des Tutors mit den Studierenden

geteilt, um die Bildaufnahme zu visualisieren

C: Selbstandiges Durchfuihren der Ultraschalluntersuchung durch die Studierenden

zuhause

D: Beispiel fur ein Arbeitsblatt, das innerhalb der App ausgeflllt werden musste und
zusammen mit den aufgenommenen Ultraschallbildern in der Cloud gespeichert und

bewertet wurde

Nach der Vorlesung und Demonstration der Untersuchung hatten die Studierenden
Ubungszeit, um die Untersuchung selbststandig durchzufiihren. Am Ende jedes Moduls
wurden die aufgenommenen Ultraschallbilder Gber die dazugehérige App in ein
cloudbasiertes System hochgeladen und ein Arbeitsblatt mit organspezifischen Fragen
musste ausgefillt werden.

Alle, wahrend des Kurses und der Prifung aufgenommenen Bilder, wurden mit der
Brightness Mode Quality Ultrasound Imaging Examination Technique (B-QUIET) (Bahner
et al. 2011) bewertet und die erreichten Punktzahlen verglichen. B-QUIET wurde als
Ansatz fir eine standardisierte Ultraschall Bildinterpretation entwickelt und besteht aus
Unterskalen zur Messung von Orientierung/Identifikation, technischen Aspekten und
Bildanatomie. Des Weiteren wurde am Ende der Kursperiode mit jedem Teilnehmer eine
digitale Objective Structured Assessment of Ultrasound Skills (OSAUS) als
Abschlussprifung durchgefihrt (Tolsgaard et al. 2013). Die OSAUS-Skala enthalt sieben
Schlisselelemente, die nachfolgend aufgezahlt werden: Indikation der Untersuchung,
Angewandte Kenntnisse Uber Ultraschallgerate, Bildoptimierung, Systematische
Untersuchung, Interpretation der Bilder, Dokumentation der Untersuchung und
Medizinische Entscheidungsfindung. Dementsprechend ermdglicht die Anwendung des

OSAUS-Protokolls die Untersuchung verschiedener Organe unter Verwendung
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desselben Fragebogens, da die Bewertungsskala nicht spezifisch fur den Ultraschall in
einer bestimmten Fachrichtung oder Kdrperregion ist. Die OSAUS Prifung wurde unter
denselben Bedingungen wie der Kurs abgehalten. Die Studierenden legten die Prifung
von zu Hause aus ab und demonstrierten ihr Vorgehen Uber Kamera- und
Bildschirmlbertragung. Durch ein Fallbeispiel gefuhrt, hatten die Teilnehmer insgesamt
30 Minuten Zeit, das heil3t etwa funf Minuten pro Aufgabe. Sowohl bei der praktischen
Prifung als auch bei der Bewertung der akquirierten Ultraschallbilder wurden die
Medizinstudierenden von drei unabhangigen Beurteilern bewertet. Die anschlie3ende
statistische Auswertung der Ergebnisse wurde mit der Software R durchgefuhrt (Version
i386 4.0.2). Mediane und Standardabweichungen wurden als deskriptive Parameter
berechnet. Unterschiede wurden als statistisch signifikant gewertet, wenn p <0.05 lag. Die
Interrater Reliabilitéat der bewerteten Bilder mit B-QUIET sowie der Prifungsprotokolle der
OSAUS Prufung wurde mithilfe des Intraklassen-Koeffizienten ermittelt (ICC2,1). Dabei
kann der ICC nach Rosner folgendermalf3en interpretiert werden: ICC <0.4 = schlechte
Reliabilitat, 0.4-07 = mittelmaRig, >0.75 = exzellent (Rosner 2011) .

1.3 Ergebnisse

In das Systematische Review (Publikation A) wurden nach Anwendung der Inklusions-
und Exklusionskriterien insgesamt 101 von 247 Artikel eingeschlossen. Die Auswertung
der einbezogenen Studien hat ergeben, dass die am haufigsten verwendeten
Prufungsformate Selbsteinschatzung oder Surveys, MCQ, Objective Structured Clinical
Examination (OSCES), Direct Observation of Procedural Skills (DOPS), OSAUS, Bild-
oder Fallbasierte Fragen, Fertigkeitsiberprifung an Simulatoren und Rating der
Ultraschallbilder waren. In Publikation A wurden dabei die verschiedenen Testverfahren
aufgezeigt und die Vor- und Nachteile der unterschiedlichen Prifungsformate ausfihrlich
gegenubergestellt (Vgl. Publikation A, Seite 6, Tabelle 3).

Vor der Umsetzung der Studie B haben alle Studierende schriftlich ihr Einverstandnis zur

Teilnahme abgegeben und die Studie wurde von der Ethikkommission der Universitat
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Bonn genehmigt (129/29). Insgesamt haben 15 Medizinstudierende den Kurs absolviert.
Der Altersdurchschnitt lag bei 24,7 Jahren (SD+ 3,6 Jahre). 53 % der teilnehmenden
Studierenden haben vor dem Kurs weniger als zehn mal selbststéandig Ultraschall am
Patienten durchgefuhrt und vier Studierende (27 %) haben vor dem Kurs noch nie selbst
geschallt.

Die Kursteilnehmer wurden im Rahmen der OSAUS Prifung funf verschiedenen
Aufgaben unterzogen. Dabei konnte bei jeder Aufgabe 35 Punkte erreicht werden und
somit eine Gesamtpunktzahl von 175 Punkten. Die mittlere erreichte Punktzahl lag bei
1545 (SD+ 11,7) von 175 und somit wurden im Durchschnitt 88,29 % der Punkte erzielt.
Die meisten Punkte wurden dabei in dem Modul Schilddriise erreicht, mit einem
Durchschnittsergebnis von 31,8 von 35 moglichen Punkten (SD+ 2,6). Die niedrigste
mittlere Punktzahl wurde in dem Modul Aorta und Vena cava erreicht, hier schafften die
Studierenden eine Durchschnittspunktzahl von 30,1 (SD+ 3,5).

Die Interrater-Reabilitat der OSAUS Prifung lag bei 0,874 (95 %-Konfidenzintervall 0,65
< |CC < 0,965), was nach Rosners Definition als exzellente Realibilitdt zu verstehen ist.
Bei der Bewertung der Ultraschallbilder anhand des B-QUIET Schematas konnten
insgesamt maximal 44 Punkte pro Bild erreicht werden. Bilder aus dem Kurs und der
Prifung wurden fur die jeweiligen Module bewertet und die Punktzahl verglichen.
Wahrend des Kurses wurden die meisten Punkte fur die Bilder des Lungen Moduls
vergeben, die Studierenden erreichten durchschnittlich 34,4 (SD+ 3,2) von 44 moglichen
Punkten. In der Prifung hingegen haben die Bilder der Schilddrise am besten
abgeschnitten, mit durchschnittlich 35,0 Punkten (SD+ 4,4). Die Bilder der Aorta und Cava
haben sowohl im Kurs, als auch in der Prifung im Vergleich zu den anderen Modulen am
schlechtesten abeschnitten. Die generelle Durchschnittspunktzahl pro Bild hat im Kurs 31,
2 (SD+ 3,8) betragen und in der Prufung bei 32,3 (SDx 4,0) Punkten gelegen.
Dementsprechend haben die Studierenden wéhrend der Prifung eine Verbesserung von
durchschnittlich 1,1 Punkten pro Bild erzielt. Der ICC (2,1) fur die drei unabhangigen
Prifer der Bilder wurde berechnet und lag bei 0,895 (95 % Konfidenzintervall 0,858 < ICC
<0,924).

Es gab keine Korrelation zwischen der Gesamtpunktzahl in OSAUS und der Gesamt- oder
Durchschnittspunktzahl pro Bild, dementsprechend hat der Studierende mit der héchsten

Punktzahl in OSAUS nicht zwangslaufig die am héchsten gewerteten Bilder. Die hochste
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mittlere Punktzahl in der OSAUS Prufung erreichten die Studierenden jedoch im Modul
Schilddrise mit 31,8 (SDx 2,59) Punkten, was auch dem Modul mit der hdchsten
durchschnittlichen Punktzahl in der B-QUIET-Bewertung der Prufungsbilder entspricht
(35,03, SD+ 4,41). Parallel dazu erhielten Studierende in dem Modul Aorta und Cava mit
30,13 (SDz 3,15) Punkten die niedrigste Punktzahl im OSAUS und die Bilder wurden mit
einem Mittelwert von 30,6 (SD+ 3,49) bewertet, was die niedrigste Punktzahl bei den
Prufungsbildern darstellt.

AulRerdem bestand kein signifikanter Zusammenhang zwischen der Anzahl der vor dem
Kurs durchgefuhrten Ultraschalluntersuchungen und der erreichten OSAUS-Punktzahl.
Der Studierende, der mit einer mittleren Punktzahl von 171,5 von 175 Punkten die hochste
OSAUS-Punktzahl erreichte, gab an, vorher noch nie selbststandig eine
Ultraschalluntersuchung durchgefihrt zu haben. Die nachverfolgten Daten des Flipped-
Classroom-Formats von Amboss zeigen eine regelmaflige Nutzung des zuséatzlichen,
freiwilligen E-Learning-Angebots. Alle Studierenden haben mindestens ein Kapitel
bearbeitet und vier Studenten (27 %) haben alle Kapitel bearbeitet. Deutlich mehr
Studierende haben die MCQs bearbeitet (80 %) und 90 % der Fragen wurden hierbei
korrekt beantwortet. Insbesondere nach der Einfuhrung des E-Learning-Konzepts und
kurz vor der Abschlussprifung wurde eine hohe Anzahl von Zugriffen festgestellt.

1.4 Diskussion

Publikation B zeigt die Evaluation eines neu entwickelten, teledidaktischen
Ultraschallkurses des Abdomens, der Schilddriise und des Thorax mit einem modernen
Handgerat. Aus vorherigen systematischen Uberblicksarbeiten geht hervor, dass E-
Learning eine wirksame Methode zur Lehre im Gesundheitswesen sein kann (Vaona et
al. 2018; Tomlinson et al. 2013). Im Hinblick auf die medizinische Ausbildung erweitert die
teledidaktische Ausbildung des Ultraschalls das Spektrum der Lehrmethoden, unsere
Daten deuten darauf hin, dass es durch die Verwendung eines Flipped-Classroom-
Konzepts in Kombination mit einem portablen Gerat mdglich ist, einen umfassenden
Ultraschallkurs zu konzipieren, um praktische Fertigkeiten entsprechend den didaktischen
Anforderungen zu trainieren. Derzeitige Erkenntnisse deuten darauf hin, dass der "Flipped
Classroom"-Ansatz in der Ausbildung von Gesundheitsberufen im Vergleich zu

traditionellen Lehrmethoden zu einer deutlichen Verbesserung des Lernerfolgs der
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Studierenden fihrt (Lien et al. 2023) und die Vorbereitungszeit fur den Kurs ohne
zusatzliche Kosten erheblich verkirzt (Tolks et al. 2016). In unserer Studie werden die
ersten Ergebnisse vorgestellt, bei denen ein solches Konzept in Kombination mit dem
Telelernen praktischer Fertigkeiten eingesetzt wird. Weitere Studien mit Kontrollgruppen,
die Unterricht in Prasenz erhalten, sollten durchgefiihrt werden, um das Konzept mit
traditionellem Frontalunterricht zu vergleichen. Wie die Covid-19 Pandemie gezeigt hat,
ist die Ausweitung und Weiterentwicklung von Lernstrategien unerlasslich und es sollten
aus den Erfahrungen Konsequenzen gezogen werden und ein zukunftsorientierter und
wissenschaftlicher Ansatz priorisiert werden. Es empfiehlt sich, einheitliche Standards zu
definieren, die festlegen, wie Ultraschall integriert werden sollte und welches
Prifungsformat zum Einsatz kommen soll. Da es sich bei Ultraschall um eine praktische
Fertigkeit handelt, sollte die Prifung idealerweise nicht nur theoretisches Wissen
abfragen, sondern auch die Handhabung des Gerétes, Durchfiihrung der Untersuchung
und die resultierenden Bilder miteinbeziehen. Durch die Verwendung einer Kombination
verschiedener Bewertungsmethoden konnen einige der Einschréankungen, die jedes
Prufungsformat hat, kompensiert werden und es kdnnen unterschiedliche Dimensionen
der Fertigkeit getestet werden. Wie Publikation A zeigt, bleibt die Entscheidung, welche
Bewertungsmethode oder welche Kombination sich am besten zur Messung der
Ultraschallkompetenz eignet, eine anspruchsvolle Aufgabe fir die Zukunft. Publikation C
kommt zu dem Entschluss, dass die fortschreitende Digitalisierung voraussichtlich zu der
Weiterentwicklung und Verbreitung von Tele-Ultraschallverfahren fihren wird,
insbesondere die Notfallversorgung sowie die Medizinversorgung in abgelegenen
Gebieten konnte profitieren. Technologisch gesehen sind die Ultraschallgerate mobiler
geworden und die relativen Kosten sind gesunken, zudem werden auch Smartphones
immer alltaglicher und verfligen Uber Apps, die als erschwingliche tragbare
Telemedizinplattformen kdnnen (Britton et al. 2019). Die Unterrichtung von Studierenden
oder auch Medizinern in strukturschwachen Gebieten im Umgang mit dieser
strahlungsfreien Bildgebung durch Online-Methoden kdnnte mit vergleichsweise wenig
Aufwand und kosteneffizient durchgefiihrt werden. Die digitale Umsetzung mit einem
erschwinglichen, tragbaren POCUS-Gerat konnte eine grofe Chance sein, die
Ultraschallausbildung global und tber grof3e Distanzen zu férdern.
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1.5 Zusammenfassung

In Publikation A wurde anhand der PRISMA Guidelines ein systematisches Review
erarbeitet, das sich mit den verschiedenen Bewertungsformaten beschaftigt, die bei der
Ultraschallausbildung von Medizinstudierenden Anwendung finden. Dabei gibt es zum
jetzigen Stand kein universal genutztes Bewertungsinstrument, sondern es kommt eine
Fulle unterschiedlicher Formate zum Einsatz. Die meistbenutzten Prifungsformat sind
dabei Selbsteinschatzung oder Surveys, MCQ, OSCES, DOPS, OSAUS, Bild- oder
Fallbasierte Fragen, Fertigkeitsuberprifung an Simulatoren und Rating der
Ultraschallbilder. Kuinftige Studien sollten dazu streben einen allgemeinen Ansatz fur eine
gleichwertige Ultraschallausbildung und Bewertung an verschiedenen Universitaten zu

entwickeln, um zu einer geringeren Variabilitat in der praktischen Ausbildung beizutragen.

In Publikation B wurde ein teledidaktischer Ultraschallkurs fiir Medizinstudierende im
klinischen Abschnitt entwickelt. Hierbei wurde virtuell anhand von Video- und
Handybildschirmubertragung Ultraschalluntersuchungen vorgefuhrt, die daraufhin von
Studierenden zuhause nachgeahmt wurden. Anhand von sieben Kurs Modulen und
Vorlesungen sowie darauf zugeschnittene Amboss Lern-Modulen wurde hierbei Wissen
und praktische Fertigkeiten tUber die grundlegende Ultraschalluntersuchung von Thorax,
Abdomen und Schilddriise vermittelt. Die Studierenden haben wahrend des Kurses
vordefinierte Ultraschallbilder aufgenommen, die von drei unabhangigen Ratern bewertet
wurden. Die Kursbilder wurden mit Bildern aus der Abschlusspriufung verglichen, die nach
acht Wochen stattfand. Die Abschlussprifung wurde dabei anhand des OSAUS
Protokolls abgehalten und hat theoretische und praktische Fertigkeiten geprift. Die
Ergebnisse der OSAUS Prifung wurden mit den Ergebnissen der Bilder aus Kurs sowie
Prufung verglichen. Dabei wurden im Bilderrating der Prifungsbilder durchschnittliche
32,3 Punkte erreicht, was 73 % der mdglichen Punktzahl entspricht. In der OSAUS
Prifung lag die mittlere erreichte Punktzahl bei 154,5 (SD £ 11.7) von 175 und somit
wurden im Durchschnitt 88,29 % der Punkte erzielt. Diese Studie sollte als Proof-of-
Concept Studie verstanden werden und zuklnftig muss dieses teledidaktische Konzept
durch weitere Forschung untersucht und bestétigt werden. Dieses Lehrkonzept kdnnte
nicht nur helfen digitalen Unterricht voranzutreiben, sondern auch der Forschung im

Gesundheitswesen entlegener Gebiete helfen. Wie wir in der aktuellen Pandemie
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gesehen haben, ist der Ausbau digitaler Lernmdglichkeiten nicht nur noétig, sondern
unvermeidbar. Wie man in Zeiten der globalen Gesundheitskrise gesehen hat, ist es
wichtig, sich auf fortschrittiche Ansatze zu konzentrieren, um die praktischen

Bildungsstrategien zu erweitern.
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Medical schools are increasingly incorporating ultrasound into undergraduate medical
education. The global integration of ultrasound into teaching curricula and physical
examination necessitates a strict evaluation of the technology’s benefit and the reporting
of results. Course structures and assessment instruments vary and there are no national
or worldwide standards yet. This systematic literature review aims to provide an up-to-
date overview of the various formats for assessing ultrasound skills. The key questions
were framed in the PICO format (Population, Intervention, Comparator, and Outcome). A
review of literature using Embase, PubMed, Medline, Cochrane and Google Scholar was
performed up to May 2021, while keywords were predetermined by the authors. Inclusion
criteria were as follows: prospective as well as retrospective studies, observational
or intervention studies, and studies outlining how medical students learn ultrasound.
In this study, 101 articles from the literature search matched the inclusion criteria
and were investigated. The most frequently used methods were objective structured
clinical examinations (OSCE), multiple choice questions, and self-assessments via
questionnaires while frequently more than one assessment method was applied.
Determining which assessment method or combination is ideal to measure ultrasound
competency remains a difficult task for the future, as does the development of an
equitable education approach leading to reduced heterogeneity in curriculum design and
students attaining equivalent skills.

Keywords: medical education, assessment, ultrasound, undergraduate education, practical skills

INTRODUCTION

Ultrasound examinations and obtained images are highly dependent on the physician’s
competence. Integration of ultrasound training offers opportunities to provide instruction in the
use of novel educational and clinical practice tools and there is wide support for the incorporation
into undergraduate medical education. However, despite growing interest in ultrasound education,
course structure and implementation in undergraduate medical education programs differ between
universities and countries without national standards and guidelines (1). A critical difficulty in
ultrasound training is allocating time and funds for training programs in overburdened curricula.
Early analyses demonstrated that in small cohorts, medical students were able to develop the
psychomotor and interpretative skills required for effective focused ultrasound. For example,
Ist year medical students were able to successfully use portable ultrasound after following
six 90-min sessions covering abdominal, cardiovascular, genitourinary, and musculoskeletal
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applications (2). Recently, the European Federation of Medical
and Biological Ultrasound Societies (EFSUMB) and the World
Federation for Ultrasound in Medicine and Biology (WFUMB)
have promoted undergraduate medical ultrasound education
within European medical faculties and have developed measures
to accomplish this objective (3, 4). The use of ultrasound in
medical education depends on curricular requirements as well
as the type of equipment available, the selected educational
approach and faculty skill sets. These determine the type and
quality of training delivered to students. Selecting an appropriate
assessment method is crucial given the need to closely align
learning objectives, instructional methods and exams. Reliable
methods to assess physician’s skills in performing ultrasound are
critical for training and to prove the curriculum’s quality (5). The
global integration of ultrasound into medical education will make
a regulated assessment and report of the results essential (6) in
order to estimate and compare the efficacy of different attempts
to organize ultrasound courses in medical education (7). There
are various goals of assessment, including the optimization of
learning and direct feedback in order to protect patients from
insufficiently educated doctors (8) and to re-certify individuals,
whose skills may have declined over time (9). However, a
standardized method to evaluate ultrasound knowledge or of
higher importance to assess the examination performance does
not exist yet (9-11).

It has been proposed that the practical examination should
include assessment of accurate machine settings, probe handling,
image acquisition as well as documentation (12).

To assess various examination formats used for ultrasound
in medical education, a systematic literature review of the
MEDLINE, EMBASE, Cochrane, PubMed, and Google Scholar
Databases was conducted to identify published literature
on ultrasound assessment in undergraduate or graduate
medical training.

MATERIALS AND METHODS
Search Strategy

This systematic literature review was conducted according to
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines (13).

Relevant medical databases, including PubMed, MEDLINE,
EMBASE, Cochrane and Google Scholar were searched for
publications related to the assessment of ultrasound skills up
to May 2021, while keywords were predetermined by the
authors (Figure 1). Titles and abstracts were analyzed for possible
inclusion. In addition, reference lists of the identified articles
were investigated for further potential inclusion. Agreement
regarding potential relevance was reached by consensus and full
text copies of relevant papers were obtained. The key questions
of this systematic literature review were framed in the PICOS
format (Population, Intervention, Comparator, Outcome, and
Study design) as detailed in Table 1.

Inclusion Criteria
Articles meeting the following criteria were suitable for inclusion:

e Prospective as well as retrospective studies, observational
or intervention studies, and studies outlining different
assessment methods.

e The following keywords were combined: (ultrasound or
sonography) and (education, medical) or (medical students)
and (assessment) or (exam).

Exclusion criteria were:

No data about the form of assessment or descriptive data only
Duplicate articles within or between data bases

Reviews

Abstracts only

Newsletters

Conference presentations

Expert opinions

Editorials

The different assessment formats were structured in subclasses,
which are the following: theoretical knowledge (written or
online examination, multiple choice questions (MCQ) or essay
questions), practical examination skills [e.g., US acquisition
(US image rating), observed simulated clinical encounters
(Objective Structured Clinical Examination (OSCEs), The
Objective Structured Assessment of Ultrasound Skills (OSAUS),
Direct Observation of Procedural Skills (DOPS))], and self-
assessment (e.g., surveys regarding satisfaction and competence).

Data originated from full-text articles is presented in a
structured table (Table 2) to illustrate the various assessment
formats in ultrasound education and to give selected examples
for the outlined evaluation methods.

RESULTS

The results section that follows should provide a general
understanding of the various assessment forms utilized in the
evaluation of ultrasound.

Self-Assessment

In many cases evaluation is based on self-assessment using
surveys or questionnaires, sometimes in a pre-/post course
design. Self-assessment can help to evaluate the students
thoughts and manners when learning and it can identify tactics
that enhance better understanding and improvement of skills.

Further, students can rate their own competence, which might
motivate them to improve their skills as they detect incongruity
between present and wanted performance. According to one
study, self-evaluation can help students improve their critical
thinking skills (52) further it might encourage reflection on
personal performance (53).

Creating surveys is time- and cost-effective and the evaluator
does not essentially have to be a specialist. Since the evaluation
is based on subjective data when using self-assessment, there
is the threat of discrepancy between actual performance and
answers given in the survey. Students might not rate their
actual performance competence but the effort they put into the
course (54).
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PubMed MEDLINE EMBASE
1577 983 1114
230 Citation(s) 209 Citation(s) 189 Citation(s)

Cochrane Google Scholar
815 1430
157 Citation(s) 211 Citation(s)

~—\

//

247 Non-Duplicate
Citations Screened

Inclusion/Exclusion
Criteria Applied

210 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

101 Articles Included

FIGURE 1 | This systematic literature review was conducted according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
guidelines. The figure displays the review process, at the end 101 of 247 articles have been included.

37 Articles Excluded
After Title/Abstract Screen

89 Articles Excluded
After Full Text Screen

20 Articles Excluded
During Data Extraction

TABLE 1 | Key questions of ultrasound methods and medical ultrasound
education.

Population Medical students, residents, physicians

Intervention Ultrasound in education

Comparator Different approaches to assess ultrasound skills

Outcome Analysis of course structures and assessment
instruments

Study Design Prospective and retrospective studies, observational or

interventional studies

There is no acquisition of genuine knowledge and competence
in examination as no objective data is generated. Additionally,
there is a risk of decreased validity by response bias which
are prevalent in research involving participant’s self-report. For
example, the study results can be influenced by acquiescence bias,
which belongs to response bias and describes that participants in
a survey have the tendency to agree with the asked questions.

Objective Structured Clinical Examination
(OSCE)

The objective structured clinical examination (OSCE) was
developed by Harden and colleagues in 1975 (55). The idea is
rotating through multiple stations in a simulated clinical setting.
Each of these stations challenges the student to solve a special task
in a pre-specified time in order to test clinical skill performance.
While the students carry out the examination they are observed

by one or two assessors who rate the student’s performance using
checklists which have been developed in advance.

OSCE has been widely accepted as an objective form of
assessing clinical competences (56) and is used in various
specializations and clinical tasks.

It allows the assessment of scanning technique and image
interpretation in real time and combines the evaluation of
technical skills and theoretical knowledge. Further, the possibility
for direct feedback on the student’s performance is provided and
it aims to prepare students for daily clinical practice. There are
different assessors with every station and the students should
rotate so that they should all have the same time and tasks to
bring fairness.

Within an OSCE, different forms of assessment can be
combined since e.g., at one station case- based US images could
be diagnosed while the next task requires the students to examine
a patient to obtain own images to observe the students probe
handling and scanning technique.

In general, the checklist for ultrasound can include various
aspects, which have been defined prior to the assessment. Items
that are often included are e.g., positioning of the patient as well
as interaction with the patient, positioning/handling/orientation
of the ultrasound probe, image adjustment, and interpretation. A
different OSCE station is needed for each organ as the protocols
are individually tailored.

Therefore, the large number of stations and the various
protocols to test different organs as well as the required educated
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TABLE 2 | Example studies.

References Study design Study site Number of Assessment
participants
Bernard et al. (14) Prospective observational study Loma Linda University School of 8 Post-instructional survey
Medicine
Hammoudi et al. (15) Prospective observational study Faculty of Medicine Pierre et 348 Survey and open feedback
Marie Curie
Hoyer et al. (16) Single-center cross-sectional University of Arizona 55 Self-assessment by questionaire
study
Ivanusic et al. (17) Prospective observational study University of Melbourne 119 Survey and open feedback
Brown et al. (18) Prospective observational study University of Arizona 100 Survey and identification of US
images
Keddis et al. (19) Prospective observational study Mayo Clinic Rochester, 76 Pre- and post-survey
Minnesota
Rempell et al. (20) Prospective observational study Havard Medical School, Boston 176 Post-assessment survey
Swamy and Searle (21) Prospective observational study Durham University 215 Questionnaire
Teichgraber et al. (22) Prospective observational study Hannover Medical School 113 Questionnaire
Moscova et al. (23) Prospective observational study University of Sydney 901 Survey and open feedback
Dinh et al. (24) Prospective observational study Loma Linda University 163 Questionnaire, OSCE
Duanmu et al. (25) Cross-sectional cohort study Stanford University School of 29 OSCE
Medicine
Hofer et al. (7) Prospective observational study H.-Heine University Dusseldorf 626 OSCE
Sisley et al. (5) Prospective observational study University of Arizona 82 OSCE
Knobe et al. (26) Randomized controlled trial RWTH Aachen University 151 OSCE, MCQ
Lozano-Lozano et al. (27) Randomized controlled University of Granada 110 OSCE, MCQ, survey
multicenter study
Hofer et al. (28) Longitudinal two cohort study H.-Heine University Disseldorf 2,485 OSCE
Gogalniceanu et al. (29) Prospective observational study Imperial College London 25 OSCE
Knobe et al. (30) Randomized cross-over RWTH Aachen University 242 OSCE, MCQ
controlled trial
Bornemann (31) Prospective observational study University of South Carolina 17 OSCE, MCQ
School of Medicine
Henwood et al. (32) Prospective cohort study Kigali, Rwanda 29 OSCE, image based assessment
Chuan et al. (33) Prospective cohort study Australian and New Zealand 49 DOPS
College of Anaesthestists
Nilsson et al. (34) Randomized controlled trial University of Copenhagen 38 OSAUS
Royer et al. (35) Prospective observational study University of Colorado 32 Knowledge quiz, pre- and
post-survey
Heinzow et al. (36) Prospective observational study University Hospital Minster 240 DOPS, pre- and post-survey
Hempel et al. (37) Prospective observational study Johann Wolfgang Goethe 91 Questionaire to assess theoretical
University Frankfurt knowledge
Fox et al. (38) Prospective controlled trial University of California, Irvine 45 Image based test
School of Medicine
Noble et al. (39) Prospective cohort study Massachusetts General Hospital 30 Image based test
Syperda et al. (40) Prospective observational study Lake Erie College of Osteopathic 5 Case based test
Medicine-Bradenton
Madsen et al. (41) Prospective observational study University of Copenhagen 28 Assessment using virtual-reality
ultrasound simulators
Yoo et al. (42) Randomized controlled trial University of Texas Southwestern 28 Assessment using simulators and
Medical Center MCQ
Kobal et al. (43) Prospective interventional study University of California, Los 7 Comparison of findings between
Angeles students and specialists
Mouratev et al. (44) Prospective interventional study University of South Carolina 14 Comparison of findings between
School of Medicine students and specialists
Angtuaco et al. (45) Prospective interventional study University of Arkansas for 24 Comparison of findings between

Medical Sciences

students and specialists

(Continued)
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TABLE 2 | Continued

References Study design Study site Number of Assessment
participants
Arger et al. (46) Prospective observational study University of Pennsylvania 33 Image rating
School of Medicine
Mullen et al. (47) Prospective observational study California Northstate University 28 Real-time image rating
College of Medicine
Tshibwabwa and Groves Prospective observational study McMaster University Medical 490 Real-time image rating
(48) Center
Wittich et al. (49) Prospective observational study Mayo Medical School 42 Image rating
Fernandez-Frackelton et al. Prospective observational study Harbor-UCLA Medical Center 31 Image rating, pre- and
(50) post-theoretical test
Shapiroa et al. (51) Prospective observational study Mount Sinai School of Medicine 5 Image rating

Data originated from full-text articles is presented in a table to illustrate the various assessment formats in ultrasound education and to give selected examples for the outlined

evaluation methods.

assessors may exceed the available resources (36). OSCEs require
staff, equipment, clinical laboratories as well as long preparations.
Furthermore, to avoid bias, two assessors each station would be
preferable, resulting in even higher cost- and time investment.
OSCEs might not display a realistic hospital setting (57).

As the time allotted to each station is predetermined, students
may become stressed and be unable to complete the task to
their own expectations owing to time constraints. However,
limited time may compel a higher level of training motivation
and motivate students to practice more in order to achieve
satisfactory outcomes (7).

Direct Observation of Procedural Skills

(DOPS)
The concept of direct observation of procedural skills (DOPS)
was developed by the Royal Medical College of England. The
assessor observes the student during the clinical procedure on a
real patient and gives feedback afterwards, it is a workplace-based
assessment method.

Further, DOPS combines learning, supervision, rating and
feedback (58) and can be both formative and summative (59).

Designing specific protocols for grading facilitates detailed
feedback and fairness since the assessor has the same base to rate
the different students.

The use of workplace-based assessment is useful since it
determines not only the students’ learning achievements but
also their attempt to assume professional responsibilities (60).
Scanning technique and image interpretation can be assessed
in real time and therefore theoretical knowledge as well as
examination technique can be rated. DOPS have been used for
ultrasound assessment and seems to be a reliable and valid
method (36) and requires less assessment stations and resources
than an OSCE format. However, an educated assessor is necessary
for the evaluation of the student and it would be even better
to have two independent raters. Further, in comparison to
OSCE, DOPS is not widely established in ultrasound assessment
and there might be more studies required to show its efficacy
and validity.

Objective Structured Assessment of
Ultrasound Skills (OSAUS)

The Objective Structured Assessment of Ultrasound Skills
(OSAUS) was developed as an approach to achieve international
consensus across various specialities on an evaluation tool for
ultrasound education (9). Based on a delphi-consensus seven key
points have been identified and included in the protocol.

These key points are: (1) Indication for the examination,
(2) Applied knowledge of ultrasound equipment, (3) Image
optimization, (4) Systematic examination, (5) Interpretation of
images, (6) Documentation of examination, and (7) Medical
decision making.

OSAUS can be used to assess US competence in different
clinical settings and disciplines. It is a time-effective method
as the protocol should be used universally there is no need of
developing a new protocol for various specializations/organs.
However, OSAUS is measuring general aspects and is not
procedure specific.

The student is asked, to state the indication for the
examination, as well as how the examination could help in further
decision making and treatment. Therefore, the student learns the
importance of ultrasound and the practical applications of this
imaging method.

Further studies are required to examine the value of the
protocol to assess ultrasound competence in different fields and
clinical settings.

Multiple Choice and Written Questions
Examinations in form of multiple choice (MCQ) or written
questions are often used additionally to a direct observation of
scanning technique (26, 27, 61).

Using MCQ is objective and the questions could be included
in any existing examination.

Further, no educated assessor is required for the real-time
assessment of skills.

Due to the absence of an ultrasound examination, evaluating
scanning method and image optimization is not feasible.
Whereas, ultrasound is a technical skill, the assessment with
MCQ rather checks theoretical knowledge.
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TABLE 3 | Ultrasound assessments in medical education.

Form of assessment

Positive aspects

Negative aspects

Self-assessment or surveys
regarding satisfaction

OSCE

DOPS

OSAUS

multiple choice and written
questions

Pictures and case based
questions

Skill assessment on
simulators

Comparison of findings
between students and
specialists

Rating of images

Easy to create and evaluate
No need of a specialist as assessor
Cost effective

Assessment of both scanning technique and image
interpretation

Combines evaluation of technical skills and knowledge
in real time

Direct feedback to the students

Can connect different assessment forms: case based
questions e.g., could be incorporated

Widely used, not only for US but for the assessment of
multiple practical skills

Assessing skills in a workplace setting

Formative and summative, observing knowledge and
skills

Direct feedback

Objective measurement tool

Protocol is applicable for different specializations and
clinical situations

Not only focused on direct performance at scanning,
further checks if the student has the needed
knowledge to evaluate if the US examination is
necessary and how it could help in the further
treatment of the patient

Approach for global rating system —> delphi
consensus

Rating system which has been developed for US only

Objective

Can be incorporated into another exam (e.g., internal
medicine)

No special educated assessor necessary

Objective

Has been shown to be a good learning strategy
No assessor necessary

Can be incorporated into another exam

No accidental findings which could be detected when
scanning other students

Good training prior to examine a real patient,
especially for rather advanced tasks

Examination of real patients

Clinical setting

Objective

No theoretical approach but students had to
obtain images

Direct outcome is evaluated
Practical skills are assessed
e Objective

Only subjective elements are measured, no objective
view

No direct feedback to the student

No information about actual knowledge or practical
skills

Bias possible, depending on the question structure

Requires different stations and protocols if different
organs/situations shall be presented

Requires assessor who is educated in US and
assessment

Better even to have different assessors to prevent
bias, therefore high cost- and time expenditure

Requires assessor to rate student, better even more
than one

Not widely established yet, might need more studies
showing efficiency/validity

Since it should be applicaple for different specializations
it is more general than e.g., osce protocols since not
every special finding for the different organs are named
Experienced assessor needed, not widely

established yet

If used alone no direct evaluation of scanning technique
Knowing what is shown on an US image or how a
disease would show does not mean that the student is
capable to obtain the image and detect the pathology
US is a technical skill while MCQ rather checks
theoretical knowledge

No information about how the students’ competence in
an examination would be

No information about students’ probe handling/
image acquisition

No clinical setting

Better learning effect while scanning real humans
Might know the simulator from training and
memorizes locations

No direct feedback

No check on scanning technique, only results
are compared

Examination itself is not evaluated, therefore no direct
feedback on scanning technique

Theoretical knowledge is not evaluated and no globally
accepted image rating system is existing yet

This overview depicts the various forms of evaluation, as well as the benefits and drawbacks of the various approaches in medical ultrasound teaching.

Images and Case-Based Questions

Including pictures and case-based assessments are more
opportunities for the assessment of ultrasound knowledge. Here,
students have to detect pathologic findings in US images and have
to connect them to clinical cases and further clinical applications.

Short duration and case based presentations can increase the
knowledge maintained after 2 weeks in learning (37).

Case based learning (CBL) is a teaching method which finds
application in multiple medical fields using case vignettes to
convey relevance and to connect theory to practice (62).
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It is objective and does not require any special educated
assessor. Just like MCQ, case-based questions can be
incorporated into an already existing exam.

Since it is a cost- and time-effective tool it can be well-used
when resources are limited.

However, probe handling, scanning technique and
image adjustment cannot be evaluated with this method of
assessment and would be necessary to further improve the
students’ competence.

Skills Assessment on Simulators

Several studies have shown that simulation-based ultrasound
training can lead to better clinical performance not only
regarding diagnostic accuracy, but further students seem to need
less supervision (63). Ultrasound simulators are important for
training in anesthesia and gynecology and can be used for the
assessment of competence (41). They are used especially for
rather advanced exercises e.g., for the incorporation of central
venous catheters or practicing regional anesthesia (64) as they
provide the possibility to practice complex tasks prior to the
performance with patients. Simulators can offer standardized
and valid measurement of skills that can be compared not only
nationally but globally (41). The clinical setting is missing and
the interaction with the patient cannot be evaluated. On the other
hand, the assessment in a clinical setting requires expenditure not
every university can afford.

When the number of simulators is limited, the assessment can
be affected if the students memorized the correct position. Since
anatomy differs, the learning effect when scanning patients might
be different.

Comparison of Findings Between Students
and Specialists

In this assessment format students as well as experts were
asked to perform the same examination and results were
compared afterwards.

One study trained students to measure the liver size using
ultrasound. Experienced physicians were asked to measure
liver span with standard examination methods. Afterwards the
results were compared to the student’s findings to evaluate
if the course was effective (44). Another study compared the
precision of cardiovascular diagnoses by medical students using
a mobile ultrasound device with the findings of cardiologists
which were using standard physical examinations (43). This
assessment form provides a clinical setting and students
get to perform examinations with real patients. Theoretical
knowledge cannot be assessed neither can scanning technique
or probe handling since only the resulting image is rated.
In this case the students do not get direct feedback on
their performance.

Rating of Images

In some studies US images of the students were rated by
predetermined criteria. For example images from the pretraining
scanning examination and the images from the post-training
scanning examination were stored and then compared for
improvement (46). In other studies the image quality was

live-evaluated and students got a different score, depending on
their ability to visualize the organ (47, 48).

There is no global accepted rating system of US images yet,
even though the need for a standardized method to evaluate
the quality of an US image is well-documented. The B-QUIET
method for example represents such an approach to quantify the
sonographer component of ultrasound images (65) (Table 3).

DISCUSSION AND CONCLUSION

Since assessment is a crucial part of medical education and
plays a major role in the concept of constructive alignment,
it should always be considered in curriculum development.
Especially for practical skills such as ultrasound it plays a
vital role and it is essential to ensure efficacious use of this
specific technology (66). As ultrasound is a hands-on skill,
the examination should ideally not only ask for theoretical
knowledge, in addition it may be necessary to assess the resulting
ultrasound images or the scanning technique. Furthermore,
when testing, one should make sure that not only subjective
outcomes are assessed to ensure that the study results can
be used to compare different teaching methods in order to
find the best educational approach. By using a combination of
different assessment methods, some of the limitations that every
examination format has can be compensated, learning objectives
can be elaborated and inadequate performance can be detected
(67). As seen by the numerous assessment forms presented,
there is currently no internationally acknowledged assessment
tool. Future studies should analyze and develop consensus on
when and how ultrasound can be utilized effectively, as well
as how ultrasound assessment should be incorporated into
medical school education. Moreover, a general approach of an
equal education in different universities and countries leading to
less variability in the curriculum design is needed. There have
already been attempts to develop a single general assessment
tool that could be used to evaluate ultrasound skills across
diverse specializations and contexts (9, 65). The decision which
assessment method or which combination is best to measure
ultrasound competency remains a challenging task for future
trials. Besides, standards have to be defined as well as the
frequency at which students should be tested.
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ABSTRACT

Purpose Medical education has been transformed during the
COVID-19 pandemic, creating challenges regarding adequate
training in ultrasound (US). Due to the discontinuation of tra-
ditional classroom teaching, the need to expand digital learn-
ing opportunities is undeniable. The aim of our study is to

Elena Héhne and Florian Recker contributed equally (first-shared
authors).

, Erik Schmok?3, Peter Brossart', Tobias Raupach?, Valentin Sebastian Schéfer’

develop a tele-guided US course for undergraduate medical
students and test the feasibility and efficacy of this digital US
teaching method.

Materials and Methods A tele-guided US course was estab-
lished for medical students. Students underwent seven US
organ modules. Each module took place in a flipped class-
room concept via the Amboss platform, providing supple-
mentary e-learning material that was optional and included
information on each of the US modules. An objective struc-
tured assessment of US skills (OSAUS) was implemented as
the final exam. US images of the course and exam were rated
by the Brightness Mode Quality Ultrasound Imaging Examina-
tion Technique (B-QUIET). Achieved points in image rating
were compared to the OSAUS exam.

Results A total of 15 medical students were enrolled.
Students achieved an average score of 154.5 (SD +11.72)
out of 175 points (88.29 %) in OSAUS, which corresponded to
the image rating using B-QUIET. Interrater analysis of US ima-
ges showed a favorable agreement with an ICC (2.1) of 0.895
(95 % confidence interval 0.858 < ICC <0.924).

Conclusion US training via teleguidance should be consid-
ered in medical education. Our pilot study demonstrates the
feasibility of a concept that can be used in the future to
improve US training of medical students even during a pan-
demic.

ZUSAMMENFASSUNG

Ziel Das Ziel dieser Studie war die Konzeption eines telemedi-
zinischen Ultraschall (US)-Kurses fiir Medizinstudierende zu
Zeiten der COVID-19-Pandemie mit anschlieBender Evalua-
tion praktischer Untersuchungskompetenzen.

Material und Methode Es wurde ein telemedizinischer
Ultraschallkurs mit Medizinstudierenden durchgefiihrt. Die
Studierenden absolvierten insgesamt 7 US-Module. Jedes
Modul wurde in einem Flipped-Classroom-Konzept mit der
Amboss-Plattform konzipiert, um den Studierenden die
Maglichkeit zu geben, zusatzliches E-Learning-Material zu
nutzen, das optional war und Informationen zu jedem der
US-Module lieferte. Als Abschlusspriifung wurde eine objek-
tive Bewertung der US-Kompetenzen (OSAUS) durchgefiihrt.
Zusatzlich wurden die US-Bilder aus Kursstunden und Priifung
mit der B-QUIET-Rating-Methode bewertet und die dort

Héhne E et al. Conception and Feasibility... Ultraschall in Med | © 2021. Thieme. All rights reserved.
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erreichten Punkte mit den Ergebnissen der OSAUS-Priifung
verglichen.

Ergebnisse Insgesamt nahmen 15 Medizinstudierende teil.
In OSAUS wurden durchschnittlich 154,5 (SD +11,72) von ins-
gesamt 175 Punkten erreicht (88,29 %). Die OSAUS-Ergebnis-
se stimmen mit der Punktzahl aus der Bildbewertung mit B-
QUIET iberein. Die Interrater-Analyse der bewerteten

US-Bilder zeigte eine gute Ubereinstimmung mit einem ICC
(2,1) von 0,895 (95 %-Konfidenzintervall 0,858-0,924).

Schlussfolgerungen Die US-Lehre mittels Teleguidance hat
sich in dieser Pilotstudie als erfolgreiches Lehrkonzept erwie-
sen. Dieses zukunftsweisende Lehrkonzept ermoglicht zudem
die US-Ausbildung von Medizinstudierenden in Zeiten der
COVID-19-Pandemie, in denen Prasenzlehre nicht moglich ist.

Introduction

Traditionally, physicians have acquired ultrasound (US) skills during
residency training. However, in recent decades, US has been intro-
duced in undergraduate medical education [1]. Many authors [2-5]
have described that US is not just limited to diagnostic imaging but
can be used in teaching to support the understanding of complex
anatomical structures. As a result, innovative training methods
have been designed and implemented for medical students. Over
the past few decades, technological advances in both US and the
application of telemedicine have been made [6].

There have been attempts to implement distance learning of
US skills with mobile devices [7] or web-based applications [8], in-
cluding physicians and non-physician medical providers, which
have been found to be effective. Tele-guided US is the latest tech-
nological innovation in the tele-ultrasound sector and hand-held
US devices, such as the Butterfly 1Q system [9], facilitate live tele-
guidance and enable the exchange of expertise at the bedside
[10] by using the respective application software. The current
COVID-19 pandemic resulted in the discontinuation of traditional
classroom/presence teaching that is considered crucial in US edu-
cation. Alternative teaching approaches as well as the expansion
of digital learning opportunities became necessary to ensure ade-
quate training of medical students.

The aim of our study is to examine the educational outcome of
a newly designed digital tele-guided US course of the abdomen,
thorax, and the thyroid gland with the implementation of a mod-
ern hand-held US device (the TELUS study), enabling a flipped
classroom setting.

Materials and Methods

This study was conducted by two board-certified US specialists
(one certified EFSUMB/DEGUM level I, the other level IIl) with
longstanding experience in US. The participating students were
enrolled in the fourth and fifth year of undergraduate medical
education and they were given the opportunity to choose the US
course as an elective subject. Each student had to provide an
additional volunteer during the course and the exam acting as a
US model for training at home. The participants received a mobile
ButterflylQ US device [9] for the course period with the necessary
equipment and used exclusively an iPhone, version 7 or newer.
The corresponding software ButterflylQ version 1.25 facilitates
the recording of live videos with simultaneous US and camera
images as needed for tele-guidance transmission. In addition,
the app allows saved images to be added to worksheets that are

built by the tutors and can consist of various query types (e.g.,
multiple choice questions, free text answers) addressing the
different organ modules.

Tele-ultrasound course structure

The course was composed of seven modules taking place weekly
focusing on organs and structures of the abdomen, the thorax,
and the thyroid gland. The organ modules were chosen based on
the structure of the DEGUM basic US course of the abdomen.
Since point-of-care US (POCUS) is of high importance in medicine,
the different modules should provide the students with a general
understanding of its applicability. Due to the technical equipment
and resolution of the hand-held device, small vessels and bile
ducts were not integrated into the course format.

Each module was designed using a flipped classroom concept
[11] in cooperation with the Amboss platform [12], which is a
German commercial learning platform developed for medical stu-
dents. Flipped classroom approaches deviate from traditional
classroom teaching and exchange transmissive lectures with
active in-class tasks and pre-/post-class work at home [13]. Con-
sequently, the participating students received a supplementary
e-learning offer available at Amboss that was optional and provi-
ded chapters to each of the US organ modules. The information
about organ anatomy, examination indication and procedure in
the e-learning chapters included normal findings and images of
typical pathologies. A chapter with videos demonstrating the
correct US technique for each organ structure was also provided
[14]. In addition, medical students were asked to answer multiple
choice questions after reading the articles to enable self-testing.
Students acquired theoretical and practical basics of a new mod-
ule topic at their own pace by working on the chapters and ques-
tions. Thus, participants had more time to study independently
during the course and the chance to receive individualized feed-
back from the tutors. Each course module started with a short lec-
ture outlining the specific topics of the corresponding US module.
All tutors gave basic information about the organs including anat-
omy and possible pathologies as well as instructions to simplify
the probe handling needed to obtain the required US images.
Typical pathologies were included in each lecture to facilitate stu-
dent preparation for their first contact with difficult or emergent
clinical situations, and to underline the diagnostic and therapeutic
utility of each US module.

After the lecture was given, the required US examination was
demonstrated by one of the tutors. The tutor’s mobile phone
screen as well as their camera image was shared with the students
during the demonstration to visualize the best image acquisition
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Liver
Kidney
Spleen

Pleural space

& US of the lung is included

> Fig. 1 Implementation of the digital ultrasound course concept. Classroom setting is displayed, demonstrating simultaneous screen transmis-
sion of ultrasound (US) and camera images. A The peer tutor’s camera image is shared with the students while demonstrating the US examination,
B At the same time the tutor's mobile phone screen is shared with the students in order to visualize the US image acquisition, C Students per-
forming the US examination on their own, D Example of a worksheet, which had to be completed within the app and was stored along with the

US images in the cloud.

technique. Accordingly, students were trained to obtain the pre-
defined US images via simultaneous screen transmission of US
and camera images showing probe position (> Fig. 1). Subse-
quently, the participants received time to perform the examina-
tion on their own and were advised to save images of each US sec-
tion that was predetermined. In some cases, further modifications
of the images were required (e. g., measuring of the organ size).
During the active tasks, the tutors observed the students’ cam-
eras and the US images in order to assist in the handling of the
probe, in case of difficulties, and to provide live guidance. At the
end of each module, US images were uploaded to a cloud-based
system and a worksheet containing specific questions for each
module (identification of anatomical structures, multiple choice
questions, or short written questions that aimed to test for
obtained knowledge) had to be completed.

Assessment tools

The didactic efficacy of the US course was measured with
different tools (> Fig. 2).

A digital Objective Structured Assessment of Ultrasound Skills
(OSAUS) [15] was completed as the final exam by each participant
after attending all US course modules at eight weeks. The OSAUS
scale contained seven key elements (> Table 1) and made it
possible to evaluate student performance regarding different
organs.

Independent raters assessed medical students (EFSUMB/DE-
GUM Level I and Ill and a peer tutor) via a practical case study

that led the students through the examination. The peer tutor

was a student at the same age and level as the participating

students who was trained prior to the study to assist in lectures

and US demonstrations during the course lessons as well as the

student assessment. Each student had 30 minutes to complete

the final exam, with approximately five minutes assigned to each

task. The exam took place in the same setting as the course

lessons and the students scanned a person of their choice at

home while sharing their camera and mobile display with the

raters. Students had to complete five tasks in the OSAUS, which

corresponded to the course modules and included the following:

a) Focused Assessment with Sonography for Trauma (FAST)
examination (demonstration of the spleen (F) was incorpora-
ted into this module)

b) US of the lungs (B- and M-mode)

c) US of the kidneys (including determination of size) and the
bladder (including measurement of residual volume)

d) US of the aorta and vena cava (including measurement of
diameter)

e) US of the thyroid gland (including determination of gland
volume)

All images taken during the course and exam were rated using the
Brightness Mode Quality Ultrasound Imaging Examination Tech-
nique (B-QUIET) [16]. B-QUIET has been developed as an
approach to standardize US image interpretation (» Table 1). Ima-
ges of the course were compared to images of the final OSAUS
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+ Survey on previous ultrasound (US) knowledge and experience
* Flipped-classroom concept using the Amboss digital learning platform
SRR ¢ Introductury lecture to every module

+ Weekly lessons consisting of the following modules: Introduction to US, FAST (A), lung

(E_), kidney and bladder (C), aorta and vena cava inferior (D), thyroid gland (E), spleen

=L . Rating of course US images with B-QUIET

with B-QUIET

+ OSAUS final exam after eight weeks
+ Rating of exam US images with B-QUIET

« Comparison of US images from course with US images of the OSAUS exam, both rated

* Comparison of rated pictures with the OSAUS results

* Anlysis of Amboss e-learning usage

» Fig. 2 Structure of the tele-guided ultrasound course. The course concept is displayed along with the different instruments to measure efficacy.
OSAUS: Objective Structured Assessment of Ultrasound Skills, FAST: Focused Assessment with Sonography for Trauma, B-QUIET: Brightness Mode

Quality Ultrasound Imaging Examination Technique, US: ultrasound.

» Table 1 Evaluation criteria of Objective Structured Assessment of Ultrasound Skills (OSAUS) and Brightness Mode Quality Ultrasound Imaging

Examination Technique (B-QUIET) score.

Objective Structured A 1t of Ultr: d Skills (OSAUS)

1. indication for the examination

reviewing patient history, indication

2. applied knowledge of ultrasound (US) equipment
familiarity with equipment and functions

3. image optimization

optimal image quality

4. systematic examination

systematic approach, presentation of relevant structures
5. interpretation of images

recognition of image pattern and interpretation

6. documentation of examination

image recording and documentation

7. medical decision making

ability to integrate scan results into patient care

5 points could be obtained within each category with a total of 35 points

Brightness Mode Quality Ultrasound Imaging Examination
Technique (B-QUIET)

identification/orientation

1.0 date/time

1.1 patient name/MRN/sonographer
1.2 body marker

1.3 comments (image title, labeled structures)
technical

2.1 resolution - application/focal zone
2.2 depth - field of view

2.3 gain (segmental, overall)

image anatomy

3.1 near field (top of screen)

3.2 receding edge (right side)

3.3 far field (bottom of screen)

3.4 leading edge (left side)

within each category 4 points could be obtained and a total of 44 points

A digital Objective Structured Assessment of Ultrasound Skills (OSAUS) was completed as the final exam by each participant after attending all US course
modules. Furthermore, US images of the course and exam were rated by the Brightness Mode Quality Ultrasound Imaging Examination Technique

(B-QUIET). The different criteria for assessment are displayed.
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More US education is necessary [IIINNEGEG
US education is sufficient

Number of performed US examinations: =50
Number of performed US examinations: 10-50

Number of performed US examinations: 1-10

Number of performed US examiantions: 0

Year five medical students
Year four medical students
Age =30

Age 25-30

Age 20-24

ution

10 12 14 16

» Fig. 3 Student characteristics. Pre-course survey on ultrasound education and experience as well as year of study. US: ultrasound, m: male,

f: female.

exam to determine whether the students’ image quality im-
proved, decreased, or remained constant. Students had approxi-
mately one hour to take images in each course module compared
to the five minutes per task during the exam.

All images (n=497) were evaluated by two raters (EFSUMB/
DEGUM Level | and ), who likewise assessed student perform-
ance in the OSAUS exam. A total of 104 of these images were
randomly chosen and rated by the peer tutor and an intraclass
correlation coefficient was determined afterwards for the three
independent raters. Raters were blinded to the images originating
from the course and final exam. Within the OSAUS exam, theore-
tical knowledge and performance of physical examination were
assessed. Thus, more than practical ability was evaluated,
whereas the B-QUIET image rating considered image quality and
therefore the direct outcome.

Statistical analysis

Statistical analysis was performed with R statistical software (ver-
sion i386 4.0.2). Means and standard deviations were calculated
as descriptive parameters. In case of correlations between OSAUS
and image rating results, Spearman's rank-order correlations [17]
were determined since no normal distribution could be assumed.
Differences were considered statistically significant if p was
<0.05. Using the scientific B-QUIET score [16] for standardized
US image interpretation, a total of 497 images were rated and in-
ter-rater reliability was assessed. Inter-rater reliability of image
ratings with B-QUIET and the OSAUS protocol was assessed sep-
arately according to the intraclass correlation coefficient (1CC)
(2.1) [18]. The ICC can be interpreted according to Rosner [19]:

ICC <0.4 indicated poor reliability, 0.4 < ICC <0.75 fair to good
reliability, and ICC 2 0.75 excellent reliability.

The study was approved by the local ethics committee
(no. 129/29) and all participants gave written informed consent
to participate in the study.

Results

Participants characteristics

A total of 15 medical students (13 females (87 %), two males
(13 %)) with a mean age of 24.7 years (SD+ 3.6 years) were enrol-
led in the study. The number of study participants was based on
the number of US probes available. Half of the students (53 %)
had performed US on a patient on their own less than ten times
and four students (27 %) had never performed US independently
before (> Fig. 3). All students wished for more US education, as
they felt that the amount offered by medical faculty was inade-
quate [20].

Objective Structured Assessment of Ultrasound Skills
(OSAUS) results

Participants had to complete five different tasks in the OSAUS [15]
exam. For each task, 35 points could be obtained for a total of
175 points. The average number of points achieved was 154.5
(SD+11.7) out of 175 points (88.29 %). The highest median num-
ber of points was scored in the thyroid gland module (E) with an
average result of 31.8 points (SD+ 2.6), while the lowest average
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score was obtained in the aorta and vena cava module (D) with
30.1 points (SD+3.2). The three OSAUS raters showed an inter-
rater reliability of 0.874 (95 % confidence interval 0.65< ICC
<0.956).

Image analysis results using B-QUIET

The students’ images were rated with the B-QUIET [16] method,
where a maximum of 44 points could be obtained per image. Ima-
ges from the course and the exam were evaluated for each mod-
ule (» Table 2). The ICC (2.1) was determined for the three inde-
pendent raters and the detected ICC (2.1) was 0.895 (95%
confidence interval 0.858 < ICC <0.924).

The best rated US course images were observed in the lung (B)
module with a mean score of 34.4 (SD+ 3.2) points, whereas in the
final exam, the highest mean score was achieved in the thyroid
gland (E) module with a total of 35.0 (SD+ 4.4) points. The images
of the aorta and vena cava (D) achieved the lowest mean score in
both the course and final exam. The mean score of the US course
images was 31.2 (SD+ 3.8) points, while the highest score reached
was 39 points. The mean exam score of the US images was 32.3
(SD*4.0). Therefore, students obtained one point more per
image in the exam compared to the course modules before.

There was no substantial correlation between the total points
in OSAUS and the total or average points per image rating in
B-QUIET. However, the students reached the highest mean score
in OSAUS in module E (thyroid) with 31.8 (SD+ 2.6) points, which
is also the module with the highest average points in the B-QUIET
rating of images (35.0 SD+4.4).

Similarly, in module D (aorta and cava), students received the
lowest score in OSAUS with 30.1 (SD+ 3.2) points, and the images
were rated with a mean score of 30.6 (SD+3.5), which is the
lowest observed in the final exam (> Fig. 4).

Furthermore, there was no significant correlation between the
number of performed US examinations before the course and the
points achieved in OSAUS.

Tracked data e-learning results

The tracked data of the flipped classroom format offered by
Amboss displays favorable use of the optional e-learning material,
which consisted of chapters dealing with the corresponding
module and a multiple choice question tool. The number of times
students accessed the chapters and multiple-choice questions
was analyzed and each time the material was accessed was regis-
tered corresponding to the weekly module sessions. All students
accessed at least one chapter and four students (27 %) worked on
all chapters. Twelve students (80 %) took part by answering the
MCQ questions and answered more than 90% correctly. The ma-
jority of online access to chapters and questions was documented
shortly before the final OSAUS test. (> Fig.5).

Discussion

This is the first pilot study to investigate the learning outcome of
German medical students in a newly developed, automated, tele-
guided US course of the abdomen, the thyroid gland, and the

> Table2 Mean results of the OSAUS exam as well as the the course
and exam B-QUIET image rating.

module rating of US rating of final OSAUS results
course images exam images
using B-QUIET using B-QUIET
A (FAST) 30.2+3.9 31.1+4.0 31.0£4.0
(68.6%) (70.7 %) (88.6%)
B (lung) 34.4+33 345+3.8 30.9+2.4
(78.2%) (78.4%) (88.3%)
C (kidney, 31.8+3.6 33.1+3.6 30.7+3.1
bladder) (72.7%) (75.2%) (87.7%)
D (aorta, 30.1+3.3 30.6+3.5 30.1+3.2
vena cava) (68.4%) (69.6 %) (86 %)
E (thyroid 32.4%3.2 35.0x4.4 31.8+2.6
gland) (73.6%) (79.6 %) (90.9%)

The US images saved by students during the course and the exam were
rated using B-QUIET and can be compared to the OSAUS final exam
results. The mean score and standard deviation are displayed as well

as the percentage of highest achievable score. OSAUS: Objective Struc-
tured Assessment of Ultrasound Skills, FAST: Focused Assessment with
Sonography for Trauma, B-QUIET: Brightness Mode Quality Ultrasound
Imaging Examination Technique.

thorax. In addition, it is the first study to test the use of the
B-QUIET [16] image analysis method as well as the OSAUS [15]
protocol in a digital tele-guided US course together.

US in medical education has been shown to be an achievable
objective that is well-accepted by medical students. It has the
potential to help medical students achieve basic competency in
FAST US examination after only five hours of training. In addition,
student assessment of their own performance shows high profi-
ciency of the program [21]. The use of the Objective Structured
Clinical Examination (OSCE) [22] has been investigated in many
studies [23, 24], and Todsen et al. [25] demonstrated high reliabil-
ity as well as evidence of construct validity of the OSAUS scale in
an educational setting.

The existing literature indicates that e-learning can provide an
effective method for improving educational outcomes [26] and
manages to lead to similar results as traditional, face-to-face,
teacher-centered courses [27]. To date, there has been no dis-
tance learning concept that has been tested for US in medical
education.

Approximately one point more per image was achieved in the
final exam compared to course images, which is remarkable since
students had one hour to take images during each course module,
while they only had roughly five minutes per task during the
exam.

There was no substantial correlation between the total points
in OSAUS and the total or average points per image rating in
B-QUIET, indicating that the student with the highest number of
points in OSAUS does not necessarily also have the best rated
images. The missing correlation can be explained by the different
sections that were tested with OSAUS. More than the practical
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» Fig.4 Comparison of assessment methods. a Objective Structured Assessment of Ultrasound Skills (OSAUS) results of the final exam, b Com-
parison of achieved points in the OSAUS exam and image rating, using the B- QUIET method. A maximum of 35 points could be reached within each
module in the OSAUS exam and 44 points could be achieved in image rating. A (Focused Assessment with Sonography for Trauma), B (lung),

C (kidney, bladder), D (aorta and vena cava), E (thyroid gland) OSAUS: Objective Structured Assessment of Ultrasound Skills, B-QUIET: Brightness

Mode Quality Ultrasound Imaging Examination Technique.
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» Fig.5 Time course of the tracked flipped classroom concept using the Amboss platform. Tracked data regarding Students’ use of the e-learning
concept of the Amboss platform. The e-learning offer was used weekly before the course. The number of times students accessed the platform was

highest prior to the final exam which was scheduled for the 20th of June.
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ability was evaluated in the exam (indication and systematic
examination, for example), whereas the B-QUIET image rating
considered image quality and the direct outcome. Therefore, the
two different assessment forms have different advantages.
B-QUIET might be more objective, whereas OSAUS aims to mea-
sure not only image optimization but the ability to perform and
explain the US examination.

Our study has several limitations, including the relatively small
sample size which resulted from the limited number of hand-held
US devices. However, the feasibility of the course would be diffi-
cult with a larger number of participants since the tutor must be
accessible for the students at all times [28]. Therefore, conducting
a power analysis would be essential for future studies. Due to the
prevailing contact restrictions, it was not possible to compare the
results to a group that underwent direct hands-on teaching on a
live patient. Thus, the lack of a control group is a major limitation
of our study. Additionally, US scanning was performed on young
and healthy volunteers and none of the models had abnormal
findings or were obese. As the students could not witness unusual
findings, images and videos of typical pathologies were incorpo-
rated in the lectures and e-learning chapters. In the future, US
pathologies could be taught using low-cost models (e.g., 3D
printing), depending on the application area. Long-term retention
of both functional and theoretical information was not evaluated
in the course. Selection bias cannot be excluded, as more motiva-
ted students may have participated. Since students had their
equipment at home during the whole course time, it is not clear
whether the examination outcome results only from the course
or is affected by self-practice. Our study should be seen as a
proof-of-concept study, demonstrating the feasibility of tele-US
teaching. A power analysis as well as additional studies including
control groups should be performed in the future to allow a com-
parison to hands-on teaching. In the future, these concepts could
be used not only to organize digital teaching but also to streng-
then health services research and US training in remote areas.
Turning a smartphone into a US machine with a hand-held US
device like the ButterflylQ system is more affordable for medical
education and could be an incredible opportunity to expedite US
training worldwide. Especially in times of a nationwide medical
crisis such as COVID-19, it is essential that medical faculties draw
the right conclusions from their experience and focus on an
advanced approach to expand practical teaching strategies.

Conclusion

The TELUS study demonstrates the feasibility of a tele-guided US
course concept using a hand-held US device that can be easily
transported anywhere for practice. Consequently telequided US
training should be considered in future medical education. As can
be seen in the current pandemic situation, the expansion of digital
learning opportunities is not only necessary, but unavoidable.
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Abstract: The delivery of healthcare from a distance, also known as telemedicine, has evolved over
the past 50 years, changing the way healthcare is delivered globally. Its integration into numerous
domains has permitted high-quality care that transcends the obstacles of geographic distance, lack
of access to health care providers, and cost. Ultrasound is an effective diagnostic tool and its
application within telemedicine has advanced substantially in recent years, particularly in high-
income settings and low-resource areas. The literature in Pubmed from 19602020 was assessed with

i

the keywords “ultrasound”, “telemedicine”, “ultrasound remote”, and “tele-ultrasound” to conduct
a SWOT analysis (strengths, weaknesses, opportunities, and threats). In addressing strengths and
opportunities, we emphasized practical aspects, such as the usefulness of tele-ultrasound and the
cost efficiency of it. Furthermore, aspects of medical education in tele-ultrasound were considered.
When it came to weaknesses and threats, we focused on issues that may not be solved immediately,
and that require careful consideration or further development, such as new software that is not yet

available commercially.

Keywords: ultrasound; telemedicine; eHealth; tele-ultrasound

1. Introduction

The term telemedicine was coined in the 1970s to describe the practice of deliver-
ing health care services through the use of information and communications technology,
whereby geographic distance is not as constraining, as in the case of traditional medical
practice. Telemedicine is not only used to exchange valid information for the diagno-
sis, treatment, and prevention of disease and injuries and research and evaluation, but
also for the continuing the education of healthcare providers to advance individual and
community health [1,2].

Telemedicine has been shown to improve access to healthcare and reduce costs, es-
pecially in areas with a limited healthcare infrastructure due to geographical barriers [3].
Recently, increased digitalization and the development of telehealth applications have
finally reached the field of medical imaging. As telemedicine has evolved over the last
few decades, ultrasound technology matured in parallel [4]. Ultrasound became a bedside
tool in the 1990s that physicians, such as those who work in the emergency department,
could use regularly because it is a fast, robust, and reliable way of determining a patient’s
status at the outset of treatment. Tele-ultrasound is defined as the use of ultrasound with
telecommunications and/or an additional instructor who is telemedically connected to the
process. The utilization of tele-ultrasound has been rapidly increasing worldwide since
the 1990s and is commonly used for emergency, abdominal, and obstetrical ultrasound by
general practitioners in remote areas worldwide. One of the beneficiaries of this is other
doctors, but in a broader sense, it benefits patients as well. Moreover, it can be a cost-saving
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measure as it eliminates both long transportation times and extra doctor visits. A lack of
access to ultrasound doctors, despite technological advancements and mobile devices with
high bandwidth that allow for seamless live-image transmission, is a concern in both low-
income and high-income countries. Moreover, the main challenge in telemedicine remains
an organizational one, knowing how and when to take advantage of the technology.

Tele-Ultrasound in a Historical Context

According to the World Health Organization (WHO), in clinical situations, medical
imaging is needed to make a diagnosis in 20-30% of cases, and ultrasound and/or con-
ventional radiography are sufficient for 80-90% of those cases. However, two thirds of the
world population does not have any access to medical imaging [5].

The beginnings of tele-ultrasound date back to the era of space exploration in the
1960s, when the first remote ultrasound scans were carried out on astronauts with remote
guidance from experts in the Mission Control Center [6] (Figure 1). Those ultrasound
systems were capable of high-definition sonographic imaging for the cardiac, vascular,
general, abdominal, thoracic, and musculoskeletal systems, among others (Ashot 2006).

1960: first use in aerospace

~1980s: Use of tele-ultrasound in resource-
limited settings use in aerospace

=2010s: Development of hand-held ultrasound
devices

=2018: Development of tele-guidance technique
(e.g. ButterflyNetwork, Reacts-Software)

Figure 1. Timeline of use of tele-ultrasound.

The technology remains relevant in aeronautics and recently several studies have
assessed the use of ultrasound by non-physician crew members at the International Space
Station, which entailed prior training in ultrasound [6-10].

From space, the focus has shifted to earth. Here, especially in remote areas in New
Zealand and Sub-Saharan Africa, tele-ultrasound has proven successful. Focusing mainly
on emergency ultrasound [11] and Point-Of-Care Ultrasound (POCUS), it has been shown
that remotely-guided Focused Assessment with Sonography for Trauma (FAST) ultrasound
examinations with minimally trained health care workers are possible and effective [12,13].
In obstetrics and gynecology, several successful prenatal tele-ultrasound projects have been
described in literature [14,15]. Many countries harbor only a small number of qualified
fetal-medicine specialists who are capable of pre-natal ultrasound imaging, which does not
adequately cover demand, but which is highly significant in diagnosing and preventing
potential birth defects. Studies, mainly from remote areas such as rural Australia, have
tried to identify the need for fetal therapy [16].

Tele-ultrasound performed in resource-limited settings can produce satisfactory im-
ages of diagnostic relevance which have an impact on medical treatment and outcomes [17].

2. Materials and Methods

A systematic review of the literature was conducted. The databases searched were
Medline (1950 to October 2020) and Embase (1980 to October 2020), the Cochrane Library,
all sections, and the Web of Science with Conference Proceedings (1970 to 2020). The
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searches were not limited by language. Auto-alerts in Medline were also run during the
course of the review. Reference lists of relevant articles were also checked.

All relevant randomized controlled trials (RCTs) or quasi-RCTs were included. Due to
the small number of RCTs, we also included nonrandomized studies (NRSs). Prospective

oservational studies with controls, retrospective matched-pair studies, and comparative
studies from well-defined registries/databases were also includes.

/A

The terms to be examined were “ultrasound”, “telemedicine”, “ultrasound remote”,
and “tele-ultrasound”, which helped to complete a SWOT (strengths, weaknesses, opportu-
nities, threats) analysis (Figure 2).

positive negative
Strengths Weaknesses
* Use in remote areas * Cannot replace personal
* Costs are manageable hands-on teaching
. Can be used from *» Easier to explain handling
internal . . K
everywhere, practicing when standing next to
from home is possible each other

Opportunities

* Could improve healthcare
systems in poorly
developed countries

* Could enhance ultrasound
skills of students (med. Ed.)

» Could be innovative tool in

external crisis situations

* US education can be
expanded all over the world

Figure 2. SWOT analysis of the use of tele-ultrasound.

Strengths and opportunities were considered based on practical aspects such as the
practicality of using tele-ultrasound and cost efficiency. Additionally, aspects of medical
educauon related to tele-ultrasounds were discussed.

When we analyzed weaknesses and threats, we focused on issues that are unlikely
to be resolved immediately and which may require thorough consideration or further
development, such as new software that has not yet been commercially released. All
articles were screened for positive statements on approval by a local ethics committee,
adherence to guidelines for animal care, and/or obtaining informed consent.

The present study is a review of previously published studies, and institutional review
board approval and patient consent were not necessary. Only human studies with a full
text in English were assessed for inclusion. Studies without detailed methods and results
sections were excluded.

3. Results
3.1. Practicality of Use

Tele-ultrasound can be used in urban as well as in rural areas. It can improve the
healthcare system and patient outcomes, especially in under-resourced areas [17]. From
the point of view of medical education, it can enhance ultrasound skills and establish a
basic knowledge of ultrasound. By expanding this method with tele-applications, practical
ultrasound could be taught anywhere in the world.
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In times of pandemics, such as COVID-19, with social distancing regulations and

isolation measures, it can help to ease the pressure on healthcare systems by providin

diagnostic alternatives. Rapid technical development and competition in the field of
medical software engineering have made the cost of tele-ultrasound manageable. Even
low-cost, readily available tools such as web interfaces or commercial messenger tools can
be used for tele-supported ultrasound, with the advantage of being independent of any
special setting and providing the flexibility to perform ultrasound when and wherever
it may be necessary [18]. Recently, new software applications have been introduced that
support the teaching of knobology and handling of the probe. Thus, one can even practice
at home, independently of any course sessions (Figure 3).

X 4,96cm

@*GAa

Figure 3. Ultrasound image from a tele-didactic ultrasound teaching study on abdominal ultrasound
from the medical faculty of the University of Bonn, Germany. (A) Peer tutor, (B) student exercising
ultrasound on another student, (C) ultrasound image of the right kidney, which will be improved via

tele-guidance by the peer tutor. An experienced ultrasonographer is also online in order to assist if
any questions arise.

3.2. Cost Efficiency

In the scenario of real-time tele-ultrasound consultations and tele-education, savings
in the conventional costs of patient transfer (e.g., transfer from GP to clinic) and human
resources (e.g., clinical specialist in remote areas) need to be balanced against accruing
telecommunication costs. An Australian study demonstrated that tele-ultrasound can
result in a net saving of AUD 6340 and, at the same time, enabled almost four times the
number of consultations than if the service had not been available [19]. In this study, a
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real-time fetal tele-ultrasound consultation service had been implemented and integrated
into the daily clinical practice. Patients in Townsville could be assessed by subspecialists
in Brisbane, 1500 km away, using the service. Ninety percent of the babies born during
the 90 tele-ultrasound consultations for the first 71 patients showed good outcome data.
The existence of all key anomalies and diagnoses was established in this study. Without
telemedicine, 24 of the 71 patients would have been physically referred to Brisbane. Thus,
this study underlined the cost effectiveness of the practice in a rural region.

As technology improves, wireless networks and cell phone access become more
reliable, and companies such as Apple, Skype and many start-ups provide commercially
available real-time audiovisual software in compliance with patient protection laws such
as the American HIPAA (“Health Insurance Portability and Accountability Act”), making
tele-ultrasound a feasible proposition.

Cost is a commonly expressed concern regarding tele-ultrasound with a special em-
phasis on the need for affordable tele-ultrasound platforms to make its use feasible. In the
literature, numerous studies have used telemedicine platforms with open-source, low-cost,
commercially available software such as over-the-counter hardware and low-cost portable
ultrasound machines to minimize costs. Two studies explored the issue from the patients’
perspective and found that the introduction of tele-ultrasound was associated with lower
out-of-pocket costs for the patient due to a reduced need for travel to larger medical centers
with formal imaging capacity [15,20]. In another study, e-learning was found to be more
effective than conventional education and superior to self-learning for enhancing novice
learners’ ultrasound technical skills without increasing their workload [21].

3.3. Medical Education

In terms of medical education, e-learning can serve as both a self-study tool, as well
as a teaching device, when used in conjunction with colleagues or supervisors. With
the emergence of faster network technology (5G/6G) and mobile app platforms for live
interaction and handheld ultrasound devices, tele-ultrasound and new fields of applications
in pre-clinical settings and outpatient areas such as midwifery, geriatric facilities, and
therapeutic use will be enabled with these developments [22].

The existing literature indicates that e-learning can provide an effective way of improv-
ing educational outcomes for healthcare professionals. Several studies have shown that
tele-learning methods lead to similar results to traditional, face-to-face, teacher-centered in-
struction [23]. Especially when it comes to the field of tele-ultrasound, didactic concepts are
particularly important. Theoretical ultrasound knowledge can be learned using a “flipped
classroom”, a didactic format of blended learning, whereby students acquire knowledge
at home and put it into practice during classes. In the past, attempts to offer targeted,
individualized learning environments were abandoned due to the excessive expenditure of
money. Nowadays, software-based, highly individualized learning is the norm rather than
the exception and has shifted the paradigm. In this ongoing educational evolution, tele-
ultrasound devices have several crucial advantages over traditional stationary ultrasound
systems. Tele-ultrasound devices are connected to the internet, and interaction between
every active participant is made easier, which simplifies communication and ideally speeds
up the learning process. The internet, of course, provides access to a plethora of teaching
and learning software. The combination of being continuously interconnected, elaborate
software, and sufficient computing power has paved the way towards a personalized
learning experience. The latest applications and web-based learning platforms can observe
and track user profiles. In this way, individual learning behavior can be analyzed and
optimized. Especially, theoretical ultrasound knowledge and knobology can be taught in
this manner.

However, practical tele-guided ultrasound teaching and assessment comes with costs
and challenges. In addition to purchasing the ultrasound equipment, the teacher and
student need a video-based platform to show and see the student’s performance and the
position of the transducer. Furthermore, the real-time sonogram must be streamed in order
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to give the student instructions during the training. However, the limited evidence base of
this relatively new field of medical education demands further research to corroborate its
efficacy in comparison with conventional teaching methods (Table 1).

Table 1. Virtual ultrasound education requirements.

Dimension Requirement Remarks
Theoretical teaching
Teaching material available and accessible Availability via videoconferencing
Propaedeutics -live platforms, video repositories, or learning
son}Z)ana tom: ’ -on demand management systems (LMS) preferred
knobologyy, Theoretical lectures, how-to videos, annotated image material with Especially in videoclips (cine-loops),

image optimization

physiological variants and pathological findings
Interactive elements, questionnaires, quizzes
In live (real-time) formats, sufficient internet bandwidth required

smooth display during online lectures
often limited by internet connectivity and
bandwidth issues

Practical teaching

Image acquisition

Storage capability for still images, clips for asynchronous review
Annotations possible
Two-way communication between learner and educator
Video-based real time instructions
Artificial intelligence elements (optional)
Augmented reality elements (optional)

Multiple communication pathways for
two or more learners, collaborative
learning optional (videoconference)

Availability of probands limited,
self-scanning possible in some
pocus modalities

Image interpretation

Annotated image material with physiological variants and pathological

findings for pattern recognition
Active expert review of images
Structured feedback

In patient cases, corresponding other imaging/diagnostic modalities for

confirmation and cross-reference of ultrasound findings

Tracking and assessment
of learning pathway

Ongoing quality assurance
Structured assessment of learning progress
Tracking capabilities in learning system

Miscellaneous

Data protection regulations followed

The most common components such as the handling and orientation of the probe,
as well as image adjustments, may be evaluated with video footage that is recorded and
reviewed afterwards or via a live stream.

These applications can be upgraded by augmented reality devices and experimental
visual guidance tools that enhance the tele-guided experience and enable a more realistic
method of learning [24]. Visual guidance is a computer-assisted method of demonstrating
to an examiner the movement of the ultrasound probe as it is manipulated over a patient’s
body toward a desired anatomical location.

The latest technical advancement in the field of tele-ultrasound is tele-guided ultra-
sound, which enhances and enables tele-educational tools in a more precise way. Tele-
guided ultrasound means that someone is controlling the ultrasound probe and has access
to all device settings remotely. For assessing not only image quality, but also the profi-
ciency of the tele-mentored ultrasound image acquisition some studies have combined
different tools.

Furthermore, progress is being made in educational tele-guidance tools. These serve
as image quality indicators that provide real-time feedback from the physician on the
healthcare worker’s scan technique. These tools aim to improve the quality and speed of
the captured images. Thus, education in medical ultrasound can be expanded in remote
areas if basic equipment (US machine, Internet, and telemedicine software) is available.

As an example of the use of tele-ultrasound in medical teaching, a tele-didactic ultra-
sound course was designed by Hohne et al. [25] in light of the current COVID-19 pandemic
and the end of classical classroom teaching, which was previously considered vital in
ultrasound training. The purpose of the study was to determine if online ultrasound teach-
ing was effective. It also aimed to identify a suitable evaluation approach for evaluating
US skills from afar. This pilot study demonstrated the effectiveness of online lectures in
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the context of ultrasound medical education. Furthermore, it illustrates that teleguided
ultrasound training is feasible and should be addressed in medical schools, as well as the
learning possibilities of tele-digital ultrasound.

3.4. Weaknesses and Threats

As far as weaknesses and threats are concerned, we analyzed issues that might need
further development or deep consideration, such as new software that is not yet com-
mercially available in comparison to traditional ultrasound (Table 2). Generally, in a
tele-scenario with a remote expert, securing the multidimensional problem of “transducer
angles”, “transducer position”, “patient body posture”, and “patient breathing state” may
be difficult. Furthermore, the device settings, device type, and transducer type all have an
impact on whether or not a representation is useful. As a result, the use of tele-ultrasound
may be contingent not only on the technological infrastructure and individual abilities of

the two linked examiners, but also on the capacity of the two remote persons to interact

successfully as a team.

Table 2. Advantages and disadvantages of conventional ultrasound versus tele-ultrasound.

Traditional Ultrasound Teaching

Tele-Ultrasound Teaching

Image acquisition

Trained provider

Untrained provider with real-time remote
expert supervision

Image optimization

Directly possible by expert provider/educator,

including manual intervention and
correction of probe movements

Indirectly possible via verbal commands by
expert provider/educator

Operation of complex ultrasound
applications/functions/measurements

Direct

Not possible or indirect

Image interpretation

Clinical context known by local provider,
supported by personal impression, direct
correlation possible

Clinical context must be communicated,
personal impression limited,
correlation limited

Situational perception

Physical presence of supervisor

Tele-presence, perception reduced to
2D visual and audio

Integration into patient management

Direct interaction of provider with team (e.g.,
when pausing chest compressions during CPR)

Indirect interaction

Reduced

Availability in austere settings in terms of equipment, providers, experts and Enhanced by technology
educators. Sometimes unavailable.
Lower Higher

Availability of experts

Limiting factor in education. Need travel,
accommodation, time.

Low threshold, no travel time.

Equipment requirement

Ultrasound device

Ultrasound device and
transmission technology
Network capability

Additional expenses

Expert funding, travel, accommodation

No travel and accommodation costs

Geographical distance

Device with patient and diagnostician
confined in very local space

Distance between tele-medicine sites only
limited by data transfer range

Time lag

None

Ranges between none and significant

Data transfer

Normally wired and a data transfer rate in
the gigabit range

Wireless or wired, with mega or
gigabit per second speeds.

Data security

Local storage, general data
protection considerations

Special considerations required, especially in
case of transmission and processing of
health-related personal data across different
legislative spaces and IT-solutions

Legal framework, liability

Local framework applies

Special considerations required, as provider
and supervisor may operate under
different legislations
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3.5. Image Quality

A quality assessment tool was developed a few years ago to standardize sonographic
B-images [26]. As an important feature, it attempts to quantify the sonographer’s influence
with regard to the final image quality. This method can also be adopted for tele-ultrasound.
Furthermore, the examiner’s skill, as well as the patient’s current state and cooperation, are
all known to influence ultrasound imaging. Gallstones, for example, may only be scanned
when the patient is in a precise inspiratory position and with extremely specific transducer
angles and placements. As a result, even in the absence of tele-transmission, the imaging
result is not always consistent. When two examiners look at the same patient, they will
almost always produce different visuals and, in some situations, diagnoses. This general
weakness naturally also has an influence on the use of ultrasound in telemedicine and must
always be taken into account in all applications.

The latest developments in the field of telecommunication have paved the way for
several attempts to test tele-ultrasound with mobile device application [22] or via web-
based applications [27]. These studies have shown that commercially available video chat
software can transmit high-quality and clinically useful ultrasound images. For nearly
every anatomic location assessed in these studies, images obtained by means of this method
were non-inferior to images obtained directly from a stationary ultrasound machine. There
were also mobile ultrasound apps that went beyond simply projecting live images, with
built-in tools to grade the images that study participants took and determined whether
they passed or failed.

Data transfer rates have come a long way since the early stages of telemedicine two
decades ago, when devices with a bandwidth of 2 Mbit/s were used successfully for
obstetric tele-ultrasound [15]. Nowadays, the transmission of real-time ultrasound video
footage to a remote iPhone using inexpensive technology is feasible, as shown in the
literature. It can be accomplished without the loss of image quality and a minimal delay
and works even with 3G mobile connection [28].

3.6. Safety of Data

As the value of personalized data increases and cheap data storage is abundantly
available, telemedicine companies can record and analyze a complete set of parameters
longitudinally in real-time, which is an unprecedented feat in the history of medicine.
However, patients” access to and control over these stored data are not always guaranteed.
In Western societies, where people are wary of privacy violations, these developments
should spark an intense public discourse, which seems to lag behind the staggering pace of
the technological advancement.

In a tele-guided setting, there are several ways to document the obtained images and
results. There are various ultrasound documentation programs on portable devices and
guidelines on how to appropriately document an ultrasound examination [29]. Moreover,
there are cloud-based monitoring systems that do not require bedside supervision and
documentation, which may enhance the ability of physicians to study and document
ultrasound images [30]. Data protection is an important issue related to these cloud-based
documentation applications. Although recent cloud-based products comply with EU
regulations regarding data privacy and protection, this remains a hot topic.

4. Artificial Intelligence and Tele-Ultrasound

Excellent-quality ultrasound images serve as the foundation for expert interpretation.
Artificial intelligence (Al) is emerging to provide a means for autonomously gathering
images, even for the uninitiated. Obstetricians have perfected the art of capturing and
evaluating fetal images for pregnancy monitoring. Startup enterprises in the United States
and Europe have acquired regulatory approval to advise inexperienced clinicians to take
images for clinical purposes using Al guidance. The ultrasound probe is put on the patient
after entering information such as the patient’s height, weight, and gender. The clinician is
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then instructed on how to move the probe (clockwise, counterclockwise, up, or down), and
the picture is autocaptured as soon as the best image is detected.

There is still a scarcity of validation data for high-quality images acquired using this
method. According to trials conducted by nurses with no previous echocardiography expe-
rience who used this equipment on hundreds of patients, high-quality video photographs
may be obtained well over 90% of the time. That result holds true for images of organs that
are not constantly moving, such as the heart, and should be more suited for Al algorithmic
direction. Researchers are collecting massive amounts of ultrasound images from a range
of patients to assist and drive algorithm development even further. These images will
be linked to ground-truth diagnoses and verified clinical results. The implications of Al-
assisted ultrasound guiding may be crucial for all practitioners in the future. For example,
an emergency room doctor may snap a photograph of any region of a patient’s body and
then send the video loop to a radiologist for interpretation. Deep learning algorithms for
exact ultrasound interpretations are being investigated in the meantime; however, they
are still in the early phases of development [31]. The advantages might be extended to
rural regions, as well as middle- and low-income nations, where worker capacity or skill in
image capture may be limited or non-existent, democratizing imaging technology. More
widespread clinical use of smartphone ultrasonography has begun in rural Africa and
India, and Al guidance for image capture may be adopted soon. In the COVID-19 outbreak,
new uses of Al guidance have lately been seen [32]. Researchers are using deep learning
approaches to develop algorithms for automating acquisition and severity evaluations to
help in real-time clinical decision-making. If fully confirmed, the easily available objective
image data might assist in the diagnosis, triage, and surveillance of seriously sick patients.
In the future, a patient with heart failure may transmit to their doctor a clinical grade
echo of their heart, whereas a person with acute stomach discomfort might obtain targeted
photographs that indicated a kidney stone.

5. Discussion

The rapidly evolving technology will likely promote the widespread implementation
of tele-ultrasound procedures, especially in remote areas and in the first-responder set-
ting. Further investigation of real-time image transfer and communication paradigms in
prehospital scenarios and practical applications is warranted. Pocket and other portable
ultrasound machines are the most commonly used ultrasound devices for tele-ultrasound.
The potential impact of tele-ultrasound is substantial when considering both the scope of
clinical fields of application (e.g., respiratory failure, hemodynamic compromise, procedu-
ral guidance) and the number of stakeholders (e.g., patients, providers, health systems).
Technologically speaking, ultrasound machines have become smaller, more portable, and
durable, and the relative cost has decreased dramatically. Smartphones are ubiquitous, and
dozens of software applications run seamlessly on them simultaneously. Therefore, smart-
phones are capable of functioning as affordable handheld telemedicine platforms. Finally,
global connectivity is steadily increasing, particularly wireless cellular and internet access.
These advances have made tele-ultrasound feasible and have given it a durable competitive
advantage compared to conventional ultrasound, which will boost its application in the
near future.

Nevertheless, tele-guided ultrasound education also carries some weaknesses and
risks. No tele-ultrasound module can fully replace real hands-on learning experiences.
Although one can try to teach the handling of the probe via tele-guidance, it is easier to
do this physically next to a student. The digital distance, which provides some benefits,
appears as a barrier that cannot be eradicated when using tele-ultrasound. Therefore,
tele-ultrasound is an option for remote or poorly developed areas, as well as an innovative
tool in crisis situations.

The practical usefulness of tele-ultrasound has become more entrenched and advanced
in the medical setting in recent years. A distinction must be made between tele-ultrasound
and the pure transmission of ultrasound images, which does not have the aspects of real-
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time data transmission with a corresponding second examiner. Particularly in the field of
medical teaching, there is a specific difference between these two modalities.
Tele-ultrasound is on the advance, especially in the next few years, due to further
progress in digitalization and technical miniaturization. Global pandemics, such as the
current COVID-19 pandemic, have particularly marked and shaped this use of technology.
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