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ABSTRACT

Objective To identify pandemic and disaster medicine-
themed training programmes aimed at medical students
and to assess whether these interventions had an effect
on objective measures of disaster preparedness and
clinical outcomes. To suggest a training approach that
can be used to train medical students for the current
COVID-19 pandemic.

Results 23 studies met inclusion criteria assessing
knowledge (n=18, 78.3%), attitude (n=14, 60.9%) or
skill (n=10, 43.5%) following medical student disaster
training. No studies assessed clinical improvement. The
length of studies ranged from 1day to 28 days, and

the median length of training was 2 days (IQR=1-14).
Overall, medical student disaster training programmes
improved student disaster and pandemic preparedness
and resulted in improved attitude, knowledge and skills.
18 studies used pretest and post-test measures which
demonstrated an improvement in all outcomes from all
studies.

Conclusions Implementing disaster training
programmes for medical students improves
preparedness, knowledge and skills that are important
for medical students during times of pandemic. If
medical students are recruited to assist in the COVID-19
pandemic, there needs to be a specific training
programme for them. This review demonstrates that
medical students undergoing appropriate training could
play an essential role in pandemic management and
suggests a course and assessment structure for medical
student COVID-19 training.

Registration The search strategy was not registered
on PROSPERO—the international prospective register of
systematic reviews—to prevent unnecessary delay.

INTRODUCTION

Global disasters, such as a pandemics or warfare,
are events that cause a major disruption to health
and social care, industry and economy, and commu-
nity and education.! Disasters on this scale result in
substantial loss of life, and an immeasurable burden is
placed on healthcare services to deliver core medical
care. Disaster healthcare provision requires a collab-
orative approach that uses the expertise and skills of
as many people as possible.

Much of what is formally taught in medical school is
around the knowledge, skills and behaviours required
of a physician for patients at the bedside.” However,
the broad training medical students receive could be
applied to disaster scenarios especially if supported
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with adjunct specialist training. The current medical
student curriculum already covers a wide range
of specialties, and some may argue it is stretched.
However, the rising incidence of worldwide disasters
and the impact of the current coronavirus (COVID-
19) pandemic has justified the need for disaster
preparation training in medical students.! In some
respects, students with disaster training may be better
suited to assist in both clinical and non-clinical roles
in disaster scenarios than redeployment of senior
physicians with super-specialist skills and knowledge.
Curricula using multidisciplinary methods of simula-
tion and human factors training have been proposed
for implementation by the USA (Association of Amer-
ican Medical Colleges’) and Europe (Government
of the Federal Republic of Germany* and Research
Center in Emergency and Disaster Medicine and
Computer Science Applied to Medical Practice,
Italy®). However, at present, it is recognised that there
is a brief or non-existent exposure to disaster training
within current medical training curricula across the
world, which may leave students unprepared for an
intimidating and unfamiliar setting if assisting in the
healthcare workforce.'

The current COVID-19 pandemic is rapidly
driving the need for healthcare workers in the UK.®
On 24 March 2020, the UK Health Secretary, Matt
Hancock announced plans to introduce medical
students as volunteers to the NHS in order to assist
in this pandemic.” In response, the British Medical
Association and Medical Schools Council issued
clear advice regarding medical students joining the
UK healthcare workforce including ensuring correct
induction, training and supervision.® The aim of this
study was to systematically review disaster training
courses for medical students. We describe the educa-
tional structure and methodology employed, and
evaluate both preparedness for disaster medicine
and learning outcomes to inform the development of
COVID-19-specific training programmes.

METHODS

We adhered to PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guide-
lines and recommendations for systematic reviews
of observational studies.’

Data sources

We searched Embase, Medline and Cochrane
Central from 1996 for all articles published until
19 March 2020 evaluating training that medical
students receive to prepare them for pandemics and
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Figure 1  PRISMA (Preferred Reporting Items for Systematic Reviews

and Meta-Analyses) search strategy flow diagram.

disasters, with no language restriction. We identified 1289 arti-
cles, which we then screened for inclusion.

Search strategy

The search was conducted using the following Medical Search
Headings: ‘Coronavirus’, ‘Covid-19’, ‘SARS virus’, ‘disasters’,
‘natural disaster’, ‘major catastrophe’, ‘mass casualties’, ‘crisis
event’, ‘extreme weather’, ‘disease outbreaks’, ‘infectious disease
transmission’, ‘epidemics’, ‘pandemics’, ‘mass drug administra-
tion’, ‘warfare’, ‘biohazard release’, ‘chemical hazard release’,
‘radioactive hazard release’, ‘radiation exposure’, ‘radiation
injuries’, ‘hazardous’, ‘waste’, ‘chemical water pollution’, ‘radio-
active water pollution’, ‘medical students’, ‘medical schools’,
‘education” with terms exploded as appropriate. The search
strategy was not registered on PROSPERO—the international
prospective register of systematic reviews—to prevent unneces-
sary delay.

Study selection

We selected randomised controlled trials, case—control studies
and cohort studies that measured medical student training
outcomes in the context of pandemics and disasters. Studies
were selected only if they contained a detailed report of the
training implementation and used objective precourse and/or
postcourse assessments related to medical student knowledge,
attitude, skills or clinical care outcomes. Importantly, if medical
student outcomes were grouped with other healthcare students
or professionals and not reported separately, the study was
excluded. We excluded non-English language articles in order to
ensure data quality, logistical training process evaluations, liter-
ature reviews, case reports, clinical trial proposals, conference
abstracts, editorials, letters and articles evaluating non-medical
student populations only. Pandemic infections that may be
secondary issues to a disaster, but were not the primary cause,
were also excluded, for example, HIV, dengue, malaria; situa-
tions where medical students were unlikely to be required to
volunteer en masse, for example, active shooter situations; and

interventions that were not in a disaster setting, for example, basic
life support and routine clinical infection control procedures
were excluded. Duplicates were removed and two reviewers (JA
and MHVB) independently screened titles and abstracts using
Rayyan, an online software to aid blinded abstract screening.'
Any discrepancies were resolved by consensus. Of the 1289 cita-
tions screened, we identified 65 articles for full text and refer-
ence review, of which 23 final studies met the inclusion criteria
for data synthesis (figure 1).

Data extraction

Two reviewers (JA and MHVB) independently extracted rele-
vant information from each training report using standardised
data extraction proforma in keeping with Best Evidence Medical
Education recommendations and one author with medical
training expertise (RJD) reviewed all extracted data.'' We
recorded administrative information including authorship, insti-
tution and year of publication; training-related data including
details and duration of intervention, participants and teaching
methods; and quantitative and qualitative outcome measures.''
The quality of training intervention and risk of bias in reporting
of results was assessed using the ROBINS-1 for non-randomised
controlled trials."

Analysis

Meta-analysis was not performed on the training outcomes
assessed due to the wide heterogeneity in training interventions
and reporting of results. Descriptive analysis was performed
instead. Interventions were assessed against Kirkpatrick criteria
and Kirkpatrick’s levels were assigned: impact on learners’
satisfaction (level 1), changes in learners’ attitudes (level 2a),
measures of learners’ knowledge and skills (level 2b), change in
learners’ behaviour (level 3), changes to clinical processes/organ-
isational practice (level 4a) and benefits to patients (level 4b)."!

RESULTS

Characteristics of included studies

Twenty-three studies met the inclusion criteria, and their charac-
teristics are displayed in table 1. The majority of studies (n=18,
78.3%) were from the USA, and other countries were Germany
(n=1), Israel (n=1), Italy (n=1), Saudi Arabia (n=1) and South
Korea (n=1). Five studies (21.7%) involved a multidisciplinary
cohort and reported outcomes for other healthcare students and
professionals, as well as outcomes for medical students individu-
ally without pooling of results.

The course structures and learning objectives were grouped
into three categories: broad concepts in disaster medicine
(n=12, 52.2%), trauma or haemorrhage mass casualty manage-
ment (n=8, 34.8%), or influenza pandemic management,
airborne viral management or personal protection (n=3,
13%). The length of studies ranged from single day teaching
to 4-week boot camps, and the median length of training was
2days (IQR=1-14). The majority of training interventions
used traditional didactic lectures with simulative or experiential
teaching methods, with 12 courses (52.2%) containing lectures
and simulation. Of the simulation experiences, four courses
(17.4%) contained outdoor actor-based mass casualty simula-
tion. Multimedia approaches were used in eight courses (34.8%)
as an adjunct to training, often precourse, in order to efficiently
provide material to attendees. Problem-based learning or case-
based learning was used as a predominant feature in five courses
(21.790) in a classroom setting with or without other teaching
methods. No courses involved only didactic teaching methods,
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Table 1 Course characteristics, structure and content
Lead author,
year, Non-medical
Institution, Medical student student Duration of
country Course structure population population intervention  Education setting  Teaching methods
Back,”® Disaster medicine course which 51, third year students 0 4weeks Classroom, indoor Lecture, practical skills,
2019, encompassed didactic and simulation, online web simulation, group
Bundeswehr Hospital, practical elements from 12 system discussion, computer
Germany medical specialties activity, case study, self-
study
Bajow,13 Emergency and disaster medicine 29, fourth to sixth year 0 2 weeks Lecture hall, Lecture, simulation, role
2016, course consisting of didactic, students classroom, indoor play, group discussion,
King Fahd Security practical elements and field trips simulation, distance  video, case study,
College, Saudi Arabia learning, field trip observation
Carney,” Pandemic influenza courses from  CWRU=NK, first year 0 1day Lecture hall, Lecture, simulation, role
2011, four universities consisting of students classroom, indoor play, group discussion,
Case Western Reserve,  didactic sessions followed by role  HMS=729 first year simulation, online web computer activity
Harvard, Colorado and  play and simulated exercises students system
Vermont Colleges of CU=146 fourth year
Medicine, USA students
UVM=71 clerkship year
Chernock,”® Haemorrhage control tourniquet 359, first to fourth year 0 2days Classroom, indoor Simulation, group
2019, teaching with hands on practical ~ students simulation discussion, interactive
Rutgers New Jersey experience on manikins activity, video and
Medical School, USA podcast, self-study
Goolshy," Large-scale high-fidelity combat 91, first year military 0 10days Classroom, indoor Practical skills, simulation,
2014, casualty training preceded by a  students simulation handout, self-study
University of the Health  combat medical skills course
Sciences, USA
Ingrassia,Zg Nationwide course on disaster 524, fourth to sixth year 0 1 week Classroom, indoor, Lecture, interactive
2014 medicine delivered to 21 medical ~ students simulation, distance  activity, simulation,
CRIMEDIM, ltaly schools in Italy learning, online web  computer activity, case
system study, self-study
Kaji,30 Disaster medicine elective 6, fourth year students 0 2 weeks Classroom, field trip  Lecture, interactive
2010, consisting of didactic elements, activity, practical,
University of California, interactive exercises, and observation
USA observation of disaster planning
and drills
Lei Haemorrhage control tourniquet 123, third year students 287 school 1day Classroom, indoor Lecture, simulation, group
2019, teaching followed by hands on nurses, 68 simulation discussion
UTHealth McGovern practical experience interdisciplinary,
Medical School, USA 77 general public
Lin,? Bag-valve-mask training in 31, second and fourth 0 1days Lecture hall, Lecture, practical skills,
2009, disaster setting consisting of year students classroom, indoor simulation
University of lllinois, USA  didactic sessions followed by simulation
hands on practical

Marcus,* Haemorrhage control tourniquet 107, first year students 0 1day Classroom, outdoor ~ Lecture, simulation, group
2019, teaching with low fidelity hands simulation discussion
University of Toledo, USA  on practical experience
Marshall,** Pandemic problem-based learning 3, not stated 2 nursing, 1 2 weeks Classroom Interactive activity, group
2008, course public health, discussion, case study
University of Hawaii and 1 social work
School of Medicine, USA student and 2

social workers
Myong,* Respiratory protective equipment 50, senior students 0 Not stated Classroom Demonstration
2016, fitting education programme
The Catholic University of
Korea, Republic of Korea
Padaki,®® Didactic lecture and simulated 18,3 thirdyearand 15 0 2 weeks Simulation Lectures, interactive
2018, cases of in-flight medical fourth year students activity, simulation
Department of emergencies course
Emergency Medicine,
Christiana Care Health
System, USA
Parrish,*’ Military-based lecture and 72, second year students 0 4days Classroom Lectures, interactive
2005, experiential element course activity

The Texas A&M College
of Medicine, USA

Continued
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Table 1 Continued

Lead author,

year, Non-medical

Institution, Medical student student Duration of

country Course structure population population intervention  Education setting  Teaching methods
Patel,*® Online disaster preparedness 132, first to fourth year 0 Not stated Online web system Computer activity
2016, curriculum consisting of four students

Case Western Reserve modules

University School of

Medicine, USA

Rivkind,* Resuscitation, procedures and 490, not stated 0 2 weeks Outdoor simulation Lectures, interactive
2015, decision-making course in trauma activity, simulation, group
Hadassah-Hebrew disaster management discussion case study
University Medical

Center, Israel

Scott,* Didactic training scenario and two 61, fourth year students 0 1day Classroom, outdoor ~ Lectures, interactive
2010, simulated hazardous material and simulation activity, simulation
Medical University of mass casualty training exercises

South Carolina, USA

Scott,”! Course revolving around three 10, not stated 17 doctors, nurses  1day Classroom, online Lectures, interactive
2012, small group exercises and multi- or emergency web system, outdoor  activity, simulation
Medical University of actor clinical disaster scenarios managers simulation

South Carolina, USA

Scott,' Three small group exercises 24, fourth year students 7 doctors, 7 nurses 1day Classroom, online Lectures, interactive
2013, and multi-actor clinical disaster and 1 emergency web system, outdoor  activity, simulation
Medical University of scenarios manager simulation

South Carolina, USA

Silenas,'® Small group role-playing session 69, second year students 20 veterinary 1 week Classroom Group discussion
2008, and debriefing course or public health

The Texas A&M College students

of Medicine, USA

Vincent,” Three short podcasts followed by 24, first to fourth year 0 1day Online web system,  Computer activity,
2008, an immersive virtual reality-based students virtual reality interactive activity,
Telehealth Research exercise simulation podcast

Institute, University of

Hawaii, USA

Vincent, Four short podcasts followed by a 21, first to fourth year 0 1day Online web system, ~ Computer activity,
2009, manikin (SimMan)-based exercise students virtual reality interactive activity,
Telehealth Research simulation podcast

Institute, University of

Hawaii, USA

Wiesner,* Didactic lectures and hands-on 81, not stated 0 1day Classroom Lectures, interactive
2018, skills workshops in resuscitation activity, simulation

Georgetown University
School of Medicine, USA

which is reflective of the learning objectives of disaster medicine
preparedness.

Study design and quality assessment

All 23 included studies were prospective cohort studies measuring
the impact of their training intervention postcourse evaluation,
with 18 using precourse evaluation for comparison as displayed
in table 2. The majority used subjective assessments of knowl-
edge or preparedness in disaster medicine (n=20, 87.0%) with
nine studies (39.1%) using objective measures. There was a wide
range in number of medical students attending the courses, with
the median number of participants being 61 (IQR 24-123).
However, five studies did not clearly describe their medical
student population, either omitting total number of participants
or seniority of students. Only two studies' '* reported data
that assessed longitudinal learning beyond the year of course
implementation. Common limitations of study design included
training being limited to a single institution, studies which
were excluded due to being randomised controlled trials eval-
uating the efficacy of different teaching methods or simulation

technology, or studies excluded due to reporting medical student
outcomes pooled with outcomes of other healthcare student or
professionals.

Study evaluation and main findings

Of the studies included in this review, 18 studies in total
measured precourse and postcourse outcomes. Of these 18
studies, knowledge was measured in 16 (88.9%), of which 10
undertook objective knowledge measurements, making this
the most measured outcome. However, none of the subjective
or objective measures of knowledge were previously described
or undertaken with validated measures. A total of four studies
measured attitude—either preparedness for disaster (n=2) or
confidence in approaching a disaster (n=2) by precourse and
postcourse assessment. Disaster medicine skills were subjectively
measured in four studies and objectively measured in two, one
being pass rates in personal protective equipment fitting and the
second being accuracy of disaster triage. In these studies, vali-
dated measures were used to create scores or pass rates. Of the
five studies inviting a multi-disciplinary participant group, none
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Table 2 Precourse and postcourse test outcomes

Lead author,

year, Medical
Institution, students Precourse test Postcourse test
country assessed  Outcome outcome outcome Measure P value
Back,?® 51 Overall knowledge of disaster medicine 56%, 48-50 72%, 64-76 Median, IQR <0.001
2019, assessed by examination
Bundeswehr Hospital, Germany
Bajow,13 29 Overall knowledge of disaster medicine 41.0%, 6.3 67.7%, 7 Mean, SD <0.0001
2016, assessed by examination
King Fahd Security College, Saudi
Arabia
Ingrassia,”® 524 Overall knowledge of disaster medicine 39.5%,12.9 82.9%, 17.6 Mean, SD <0.01
2014 assessed by examination
CRIMEDIM, Italy Accuracy of triage 45% 78% Mean <0.01
Lei! 123 Willingness to help a bleeding volunteer by ~ 93% 99% Mean proportion agree/ —
2019, Likert type five-point self-reported response strongly agree
UTHealth McGovern Medical Preparedness to help a bleeding volunteer by 19% 98% Mean proportion agree/ —
School, USA Likert type five-point self-reported response strongly agree

Overall knowledge of disaster medicine 73% 100% Pass rate (%) -

assessed by examination assessed by

obtaining a pass mark of >60%
Marcus,* 97 Overall knowledge of tourniquet application ~ 2.3,2.0-2.5 4.4,42-45 Mean, 95% Cl <0.001
2019, assessed by examination by Likert type five-
University of Toledo, USA point response
Marshall,** 3 Overall knowledge of bioterrorism 1.4 3.6 Mean -
2008, preparedness by Likert type five-point self-
University of Hawaii School of reported response
Medicine, USA
Myong,*® 17 Pass rate for fit test for respiratory protection 30% 74% Pass rate <0.001
2016, by observational measurement
The Catholic University of Korea,
Republic of Korea
Padaki,*® 18 Knowledge based quiz of in-flight medical 11.3,1.5 13.1,2.1 Mean, SD 0.001
2018, emergencies
Department of Emergency
Medicine, Christiana Care Health
System, USA
Parrish,’ 72 Precourse and postcourse assessment testing 8.6 10.5 Mean <0.001
2005, knowledge towards bioterrorism as score
The Texas A&M College of
Medicine, USA
Patel,*® 50 pre, 49 A precourse and postcourse five-point Likert ~ 26.0% 87.6% Mean proportion -
2016, post type test was undertaken to assess familiarity
Case Western Reserve University with acronyms
School of Medicine, USA 50 pre, 54 A precourse and postcourse five-point Likert ~ 6.0% 58.0% Mean proportion agree/ —

post type test was undertaken to assess self- strongly agree

assessed preparedness for a disaster
Rivkind,* 108 Precourse and postcourse knowledge-based  54.0%, 12.7% 68%, 10.2% Mean, SD =
2015, multiple choice questions
Hadassah-Hebrew University
Medical Center, Israel
Scott, 30(2008)  Precourse and postcourse Likert type 5 point 1.9 3.8 Mean -
2010, scale assessing subjective knowledge of
Medical University of South disaster medicine concepts
Carolina, USA 31(2009)  Precourse and postcourse Likert type 5 point 2.5 49 Mean -

scale assessing subjective knowledge of

disaster medicine concepts
Scott, ! 10 Precourse and postcourse Likert type 30% 80% -
2012, five-point assessment testing knowledge
Medical University of South and subjective skill towards emergency
Carolina, USA preparedness

Continued
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Table 2 Continued

Lead author,

year, Medical
Institution, students Precourse test Postcourse test
country assessed Outcome outcome outcome Measure P value
Scott,™ 17 Participants undertook a precourse and 10.6, 3.2 17.8,2.0 Mean, SD <0.01
2013, postcourse 24 mark assessment which
Medical University of South measured trainees’ discrete knowledge
Carolina, USA 17 Participants undertook a precourse and 24.6%, 15.2% 71.7%, 12.2% Mean, SD <0.01
postcourse 1 to 100 analogue scale
assessment which measured trainees’
subjective knowledge
17 Participants undertook a precourse and 31.7%, 15.8% 75.9%, 13.5% Mean, SD <0.01
postcourse 1 to 100 analogue scale
assessment which measured trainees’
subjective skill
Silenas,'® 66 Precourse and postcourse Likert type three- 1.9 1.3 Mean -
2008, point assessment of knowledge (1 favourable,
The Texas A&M College of 3 unfavourable)
Medicine, USA
Vincent,* 20 Precourse and postcourse Likert type five- 35 4.2 Mean -
2008, point assessment of self-reported confidence
Telehealth Research Institute, and virtual reality feedback, in addition to
University of Hawaii, USA between exercise measures
Vincent,* 21 Precourse and postcourse Likert type five- 34 4.1 Mean -
2009, point assessment of self-reported confidence
Telehealth Research Institute, and simulation feedback, in addition to
University of Hawaii, USA between exercise measures
Wiesner,* 46 Precourse and postcourse assessment of 53,1.1 8.0,1.0 Mean, SD -

2018,
Georgetown University School of
Medicine, USA

knowledge out of a total of 10 marks

used validated crew resource management or teamwork training
measures, as human factors types skills may be challenging for
medical student cohorts to acquire. However, all five studies
improved attitudes towards multidisciplinary healthcare teams.
No studies included in this review recruited or involved patients
in any of the course curriculum.

An evaluation of all 23 study outcomes and findings included
in this review are displayed in table 3. Knowledge was evaluated
in 18 studies (78.3%), 14 studies (60.9%) evaluated attitude and
10 studies (43.5%) assessed skills. No studies assessed clinical
performance. Kirkpatrick criteria were then analysed for each
study.

Level 1: trainee satisfaction

Trainee satisfaction was assessed in 13 (56.5%) studies and most
commonly assessed using Likert type scales. Medical students
were asked to rate the overall quality of the courses in addition
to whether they would recommend courses to colleagues for
disaster preparedness. Course satisfaction was generally very
high and appeared to be enhanced by multimodal approaches
to curriculum design including the incorporation of simulation
and technology.’® However, one group discussion and interac-
tive activity-based study did report mixed reviews with post-
course overall ratings of positive (33%), undecided (13%) and
negative (549%). This is reflective of overburdening medical
students with work, with one student stating, “This was way
more work than it should have been. I would rather have an
hour lecture on the flu than do all that group stuff. This was just
frustrating to have at the end of the year when finals are right

around the corner”.'®

Level 2A and 2B: trainee attitudes, knowledge and skill
acquisition

Attitudes and perceptions of knowledge in medical students were
assessed in 10 studies (43.5%). Attitudes were broadly assessed
as level 2a following courses measuring either a simple change
such as interest in disaster medicine, a measurement of a medical
student’s willingness to volunteer in or preparedness to practice
disaster medicine, or by mapping trainee responses to learning
objectives. Level 2b was measured by a total of 20 studies (87.0%)
which assessed medical student knowledge or skill acquisition,
with 18 assessing knowledge and 11 assessing skills, either alone
or in combination. In courses training students in mass casualty
scenarios, discrete and measurable skills were easily assessed
including tourniquet application and triage skills."> '’

Level 3: behavioural change

As behavioural change is a difficult area to measure in non-
practicing medical students, only one study was deemed to
adequately assess behavioural change. This study assessed
confidence and perceived stress handling emergencies once the
medical students had graduated 1.5 years following the course."?

Level 4: clinical performance
No studies investigated the impact of disaster training on clinical
performance (level 4a) or organisational delivery of care (level

4b).

Risk of bias
All included studies were cohort studies and risk of bias was
assessed using ROBINS-1 (figure 2).'? Risk of bias was low to

6

Ashcroft J, et al. Postgrad Med J 2020;0:1-12. doi:10.1136/postgradmedj-2020- 137906



<=
S
©
o
(%]
o
S
©
c
=)
=
o

panunuo)
abpajmouy wskioLa101q

"Uol}eI0ge||0d pue uonedjunwiwod Areurjdidsipiinw Huimoje o) uonippe ul ssaupaledald  9sinod)sod uo sAsnns auljuo 0} uonippe ul 36pajMmouy| 3ARRBIGNS SN ‘BUDIPBAl JO |00YDS IIeMeH jo AisiaAlun

dlwapued 0} pare[ai sanssi Inoge sauljdidSIp JUAIRYIP Wolj s|euoissajoid yijeay paseq uo saireuuonsanb asinod1sod pue asinodaid paalsiujwpe pue '300¢

gz opnine ‘sbpajmouy  -AHunwwod pue syuspnls [edIpaw Yog burednpa ul aA[dRYS SI Buluies| paseq-wsa|qold suolssas bujules| paseq-wa|qoid PanIasqo IsijeuoieINpa uy v IIlRYSIEN

*(100°0>d) 19nbiuinoy buikjdde usym aduapiyuod ur Juswanoidwi “1anbiuinoy buiAdde uj AHHusyedwod VSN ‘opajo] jo Ausianiun

uediiubis e osje sem aiay] (100"0>d) 85103 JaYe {'p 0 £°7 WOI) PASeaIdUl 9103S LdMI] paniadiad uo aireuuonsanb pue ‘abpajmouy uonedijdde '610¢

97'vt 1¥s ‘abpajmouy "}59} uo uonedijdde 3enbiuino jo abpajmouy ui Juswanoidwi Juedyiubis e sem aiay] 19nbiuinoy uissasse uoreujwexs asin033sod pue asin0dald ¢e SN
"uolje|IudA d1enhape ssasse 01 MOy MaUY %6 AJuo 1aAMoH

"(%€9) |eas ayenbape ainsua 0} anbiuyda) pue ‘(%,98) Se1el UOH.|IIUSA pue ‘(%7z/) Sased "uolje|puan sxenbape VSN ‘sioul]|| jo Aysianiun

ewnel) pue (%¢g) ewnesi-uou ui buuonisod sadoid mauy syuspnis jo Auolew ay]  Bunnsua Joy spoyiaw jo abpajmou Huissasse uoneulwexs pue 6002

qz s ‘abpajmouy "asInod 3y} Jayye anbjuyday ysew anjea-beq wiopad AjLioloejsies o3 s|qe aiam S)UBpNIS ||y ysew anjea Heq wiopad 0} AHjige o JUBWSS3SSE 35IN021S04 U

"%,86 0} %6 | WOy paseanul ssaupaledald pue 9,66 01 %Ep WO PaSeaIdU] J9UN|oA ‘lenpiaipul buipas|q djay o3 ssaupasedaid pue ssaubuljim VSN '|00YDS [BIIPSIAl UISAODI|A Y}BIHLN

1ys Buipas|q e djay o3 syuspnis [edipaw Jo ssaubuljjip 95in0d ay3 03 Joud 9% e/ yum paledwod pan@diad Huissasse aijeuuonsanb pue abpajmouy aupipaw 6102

gz'vz  ‘apnime ‘abpajmouy "UOIUIAIRIUI DY} JSYJe [0J3U0D dbeyLIoWsRY UO 153} By} passed suspnis [eaIpaW ||y 19)5esIp Huissasse uojeulwexs 3sin0disod pue 9sinodaid el

VSN "eluloji[ed Jo Asianiun

'3]eds adAy sy Ju10d-aAl) B U0 9,00 9SIN0D BY) Pajel SJuIpnlS ‘0102

qz ol | abpajmouy ||V "95In02 I8}JE UOIIRUIWIEXD UO P3AUIRIC0 %06< JO S21035 B paulelqo siuedpiued ||y "abpajmou| auIIPaW IISESIP JO UONRUILEXD |10 35IN021S0d oc e
*Ajyb1y 85103 By} pajen|eas pue Wn|NdLIN 113y} Jo Lied ag pinoys suldIpaw Ja)sesip Jey}

134 suapnys jo Auioflew sy *(10°0>d) %8/ 01 %G WOLJ 9SIN0D J3Yje UONRINWIS dUIPaW Jaulwexa ue Agq passasse uonenwis Aeal 'WIgInied

193sesip sy} ut £eandde abelsy ur Juswanoidwi Juedyiubis e pue ‘(100>d) 9%€EQ 01 %0F  IB)SESIp e Ul painseaw sem Adeindde abet] ‘abpajmouy aupipaw 7102

gz o1 1S ‘abpajmouy Wl 3SIN0D Jalje BUIPAW JAIses|p Jo abpajmous ul Juswanoidwi Juediubls e sem aiay] 1915esIp BuISsasse uoneulwexs 3sin0d3sod pue 3sinodaid 52 BIssesbu|

“JUsWUOIIAUB Buuies| [ewiou Jiayy 03 uone|nuwis Auapiy-yby ayy 'sal}jensed 1equiod buibeuew je ssaupaledaid paniadsad VSN 's92uaDds YieaH ay: jo Asiaaiun

pauaaid syuapms jo Aolew ay] -9sinod Jalje uonenis Aljensed 1equiod e ul sainpadold pue uonenys Ajensed jequiod e ul sainpadold pue Juswissasse 710

Yz 0l | s ‘apmmy  wiopad pue ssasse 0} paledaid 19)3aq pue JUSPIUOD dIoW [38) SUBPNIS Jo Aiofew ay| 1e 3dUapHu0d paniddad buissasse aileuuonsanb asin03sod ., Agsj00n

*95IN0J BY} PUSWIIOIAI PINOM VSN ‘jooyds [ea1paly Aasiar map siabiny

%68 101302 Buipas|q Jo si1Seq ay} Juies| pey Aayy paaibe A|buons 1o paaibe 9,86 *9sIN0d ‘Janbiuinoy buikjdde sjjiys ‘6102

g4z 01| s ‘apnuny  J4a1je paiinbai Ji 19nbiuinol ay3 buisn juspiyuod aiam Aayl paaibe Ajbuos Jo pasibe 9,z6 Buisn aduapiyuod paniadiad Huissasse aireuuonsanb asin0d1sod gz PouBYD
'351N0 BY} JYE SISIIAXD

ssaupaiedaid bupjenspun pue suejd uspum buiney Aq pasedaid 3s3q ase sueishyd 'ssaupaledaid foushbiswappiwspued

1ey} paaibe Ajbuois o paaibe 9,00 | 95in0d Jaye ssaupaledaid Lousbiaws piwapued Jo abpajmouy buissasse uoneuiwex3 -asuodsal ssaupaledald VSN ‘dUDIP3Al J0 $3H3]|0) JUOWIBA

uo suonsanb passmsue 1281102 9,0/ pue ‘fousbiaws o diwspued e io} sseupasedaid fouabiawspiwapued |nyssadns jo buipuelsiapun paAediad pue opeiojo) ‘pIenIeH ‘BAISSY UIS1SIAN 3SED

|nyssa2dns jo Huipueisispun Janiaq e pey Aayy paaibe Ajbuoins Jo paaibe 9,zg ‘yieay ‘syealy) yijeay d1jqnd 03 asuodsal pue walsAs yijeay d1jgnd jo 110

dz'vz  opnune ‘sbpajmouy o11qnd ays Jo buipuesiapun Janiaq e pey Asyl paaibe A|buoss Jo paaibe 9,69 ‘|e1ang Buipueisiapun paniadsad buissasse saileuuoiisanb 9s1n0331sod 17 fouied
"BuiisaIsIul 3SIN0D BY) PUNOY %0/ UBY) BIO|A "35IN03 By} JaYje SIedkg'|

sapuabawa Buljpuey UsYM JUSPIUCD pue Passalls ssa| 33} parenpelh aduo suapnis '351N02 J0 13d paniadIad ssasse elqely Ipneg ‘aba)j0) A1ndas pyeq bury

[e21p3| 1eaA Juapnls [eaIpa Uk Juspnis [edipaw jo Juapuadapul ‘(1000"0>d) %89 03 0} 95IN0D JSYje S1edA G’ | JUBS dlleuuolIsaNY "Sbpajmouy| aupIpaw 9102

€'qz’L  apmume ‘abpamouy 9, | WoI) 9SIN0 Jae BuUDIpaW JB]SesIp Jo abpajmouy ul aseanul Juedyiubis e sem aisy| 1915eSIp BuISsasse uoneulwexs 3sin0d1sod pue asinodald ¢, 'Moleg
"abpajmous| ul aseainul ISy} pue ‘9sInod sy} Yym palsijes

a1am Ay} paaibe A|buois 1o paaibe 9,08 Ueyl BIO|A "% 08 0} %EQ WOj ‘DSIN0D By} Ja)je ‘aJleuuonsanb Aq passasse ssaupaiedaid aupipaw Auewsap ‘|eydsoH Jyamsapung

pasealnul supIpaw Js)sesip ul paysassiul Aibuons syuspnis '(100°0>d) %2/ 03 %95 Woip 19)SeSIp ul 3sa193ul pue abpajmoud| supIpaw Jslsesip buissasse 6102

dz'vz'lL  apmme ‘sbpajmouy 95IN0D JAY4e dUPIPaW JA1SesIp Jo dbpajmouy| paseaiul JUedIHUBIS 35IN0d JAISeSIp SIy| alleuuolisanb pue uoneujwexs a51n021sod pue 3sin0dald o2 Ped

[ELE)] painseaw sbuipuyy pasiiewwns ulej JUBWISSASSE BWO02INQ Anunod

ypuedyary  eusyd yppedyy ‘uorynysuj

‘1eak

‘loyine pea]

sbulpuly uiew pue sainseaw awodino Apnis € d|qe]

10.1136/postgradmed;j-2020-137906

1-12. doi:

0

i

Ashcroft J, et al. Postgrad Med J 2020



10.1136/postgradmedj-2020- 137906

1-12. doi

0

i

panunuo)
"(%S76) uonenjers
||BJ3A0 pUE (%G"Z8 UBIPALL) 3|qISE3) SEM 3SIN0D S} JBYISYM ‘(%G Z6 UBIPALL) 9SIN0D '351N0 3y} Jo uojelusWI|dwl Y} Uo Yeqpasy
SIU} PUBWIWODAI PINOM SIUBPNIS JBY) PUNO} SEM }I pue ‘patuiopad sem uofen|eAs asinod 153)-150d HuIAIb 03 uONIPPE Ul 85IN0J BY) JO SadURIRAWOD VSN ‘euljoie) yInos jo Ausisaiun [eaipajy
1593-24d ym pasedwod usym synsal 3sa} asinodisod Jiayy ul suswianolduwi yuediyiubis pue saAa(go buiuies| sy 19aw o} padojanap JuswWSsasse ‘€102
qz ol | 1S ‘abpajmou pajensuowsp siuedpiued jje sjjys pue abpajmous aAda[gns ‘abpajmouy| a1a.0sIp U 9sin023sod pue 9sinodaid suljuo ue yoouapun syuediiyed 41 A0S
"U3eHAPUN BIBM |1y dAIIBIgNS
'SI9IOM 3IEJU}eaY J3Y10 0} 3SIN0D B} PUSWWOIBI PINOM %06 Pue pue abpajmouy jo suonsanb ad1oyd ajdiynuw pue Jsjsesip
‘abesane anoge ||1ys pue abpajmous| ssaupasedaid Aouabiawsa 1y} passpisuod saaulel) jo e 3[puey 0} Lojwod pue Ayjiqeded [euosiad Jo JuswIsSasse VSN ‘euljoie) ynos Jo Aisianiun [ed1pajy
%001 ‘WN|NJLLIND 8y} JaYyy "BduaLadxa Buluien ayy aiojaq abesane mojaq Jo abeiane se -J|3S "951n02 3y} Jo saAndalqo Huiules| 193w 0} padojanap 7102
gz 01| 1S ‘aBpajmouyy ||1is pue abpajmous ssaupaledald Huabiawa Jiay) paIspISU0d SaaUIRI) 3Y1 JO (%0L) ISON JUBWISSaSSe 95in02}sod pue 3sinodaid 3oouapun syuedidied 1 HOS
'95IN02 3y} Jo uona|dwod
*9NUIU0D 0} 31 Buimoj|e sJuapnis s,1eak 19)4e SXPIM € 10} BUI|UO B]ge|IeAR SeM 1s8)-1s0d By pue ‘ssed
1X3U 0} SSB[D BY1 PApUBWWOIAI SJUBPUOASI 3YL JO %00 | PU 'S/ SeM ddusLadxa 8y} ay} a104aq SAep |esanas 03 dn |00] Buluies|-a ue ein 3sa3ald J1ay}
1o} bunes [je1ano sbesane ay poyod Jeak 111y 3y} u| *(a6eIsAR SA0GE) G/8°E PUB 210§a(] %€} p|N0d SSep 60T 3L 'S2INII3| By} Jale Ajs1eipawil 1sa)
(abesane) G/ z wouy panoiduil 31005 1531-150d s, 1eak puodas ayy pue (abesane anoge  -1sod ay) pue ‘ain}da| Paseq-ased ulw (g Y3 210j3q AjRrelpawiwi VSN ‘Buljoie) yInos jo Ausiaaiun [eaipay
0} abesane) 01/9°/ yum pasedwod (abesane o} abessae mofaq) 01/g's woly panoidu |eLIa1ewW d13epIp 3y} Jo buiuies| ssasse pue abpajmouy ‘0102
gz ol |  apnune ‘abpajmouy pai0ds abpajmoun| 1533-1s0d s,110y0d Jeak 1si1y Y3 polad JusWSsasse Jeah-z e JanQ 215eq A3nuns 03 359191d BY3 3001 SS|D 8OOZ Y} Ul SUSPNIS H0S
"(#°2) 0°£1 ueaw paiinbde s|jiys [ed1uyds} pue (|°€) 6'G| ssaupaledaid-as jo Juswissasse
‘(Z'1) ¥'81 ueaw pauleb abpajmouy ewnel) ul synsal ybiy yum uswissasse [esauab sy “Juswabeuew [ed1ul pue suoisap abel [oels|
10} Ayb1y 9s1n0d Y3 PaI0ds 1OY0d 7|07 dY} Ul SYUIPNIS ‘07 0} | JO [edS JUBWSSASSE 'SSaJ}S JSPUN UONDRISIUI pUB UOedIUNLIWOD UO }IBPas) PaAIadal  1ajua) [eaIpajy ASIBAIUN MaIgaH-UessepeH
ue up (%z'0l) %89 Yum paledwod (%/°z1) %S Sem 1sa1aid abpajmouy ueaw sy} sjuapnis ‘sydeiboloyd uonde pue abejooy 0apIA Uo paseq ‘5107
az've’L  ‘spmme ‘abpajmouy ‘[e303 Ul OB 40 In0 syuedpivied goE o eyep yum poriad Juswssasse Jeadf-¢ e JanQ Buiyarigap Ateurjdidsipinw ybnoioyy paniasgo a1am syuapnis o PUDIATY

"(350d 9 €6 ‘21d 9%76) 95IN02)s0d pue 951N0331d SOLIBUIIS JS)SESIP Ul JISJUNJOA
pnom syuapnis o suoruodoud Jejiwis *(1sod 9 | 7 ‘2id 96| abew [4y1S) abpajmouy
abew Buiuieb ‘(1s0d 9, ¢/ ‘a1d 9,9¢€) SS01) Pay UEdLIBWY BY1 Se yans suoijesiuebio Jo

Buipueisiapun Jan1aq e buiuieb ‘(1sod 9,06 03 21d 98) YA Se yans swAuoide yum
Jejjiwey aiow Hujwodaq S)UBPNIS Ul paynsal ssaupaiedaid JB)SesIp Ul 8AI}I33 BUIUO Uy
ssaupasedaid salsesip Jo abpajmouy siuspms ul (5'0L 03 9°g) Juswanoidwi uediubis
Ajlednsiels e sem a1ayL "' JO 210S 1dXIT UBSL B Y}M Palel 1M UDIYM JUSAS
15110.19101q B 4o} ssaupa.edaid Juawuianob a1e1s/|eao| ay) pue ssaupaledaid jeuoissajoud
113Y) SPIEMO] SIPNHIIL 1Y) Ul B]gPINOAR) DIOW SIIM SJUBPNIS ‘9SIN0D SIY1 JaYY

"%0°L8

40 21035 153}-150d UBBW B 0} %9°G/ JO 910S 15919.d UPBW B WoJ) ‘Bdurwiopad Juapnls
paseanul Ajuediyubis buiuresy uone|nwis ‘sapuabIBWS [eIpaW JYBIf}-Ul UO UOIRINPS

'SI9ISESIp |edIpaw Joj ssaupaledaid VSN ‘BURIPA

passasse-jjas buipeib skanins asinodjsod pue asinodaid  Jo [00YdS ANSIBAIUN BAIBSBY UIBISBAN B5ED

yoouapun swuedpined swAuoie jo abpajmous buissasse ‘9107

g7'vz  epnime ‘abpajmouy skanins asinod)sod pue asin0daid joopapun syuedidiied oc 19%ed
"WISLIOLIR0Iq

10} ssaupaiedaid spiemoy sapnyme Jiayy buissasse Aanins 1533 VSN ‘uUIpa Jo ab|j0) Y Sexal ayl

-150d e pue wsuo.R101q Jo abpajmou| J1dy) buissasse skanins ‘5002

9sin0d3s0d pue asinodaid axensapun 0} payse asam syuedidinied L Ustiied

VSN ‘waishs yieay a1ed euensuyd

“Jusawianoidwi 351n0d Jo sasodind 10} payidI|oS Sem Noeqpas) ‘dupIpaly AHusbiaw] jo Juswyedaq

juedidiued snowAuoue ue abpajmou| uo paseq paislsiuiwpe ‘3102

dz'vz  apnune ‘abpajmouy

Ashcroft J, et al. Postgrad Med J 2020

<14 abpajmouy 10} Wwin|ndLUND paseq-uoiiejnwis Aap1y-mo] ‘|eaiideid e pajessuowap sinod siy| 21aMm salleuuofsanb Huiutesy uoienwisisod pue uopenWISald o¢ PlEpeEd
DS SIYL Yoea}
01 S}UAPNIS [ed1paw mojje Aew pue sjuaijed s 1e yym [exdsoy ayy uj buppom syuapnis 23.0Y JO
|eDIpaW Ul UOID34UI JO YsU By} 8dnpai Aew SIy| 1aye (£€=U) %t/ pue swweiboid ayy *3sinodisod dljgnday ‘ealoy jo Ausianun d1joyzed ayp
103 (G1=U) %0¢ Buiaq 101 ay1 Buissed sjienpiaipul jo uorodoud ay1 yum ‘suspnis  pue asinodaid bunily uoidajoid Aiojesidsas ajenbape jo jiey ssed e 9107
qz S [eatpaw ui bumy uondalold Aioyesrdsal jo Huiydea) aAIIBY PaleISUOLBP 3SIN0D SIY| IO SSASSE 0} Pasn Sem (1Y 0 14-INE) |00} Buiisal 3y aAnejenb v o PUoA
[ELE)] painseaw sbujpuyy pasiiewwns uiej JUBWISSASSE AW0dINQ Anunod
ypredyry  ensyd ypedyy ‘uonnyisu|
‘1eak

‘loyine pea

panuiuo) € 3|qeL

<=
(9]
S
©
@
(%]
o
S

©
c
=)
S

o




<=
S
©
o
(%]
o
S
©
c
=)
=
o

(g

0} €7 1D %56 1000°0>d) £°Z Sem 85IN0d SIY} U0 SIUSPNIS |[e IO} S3103S Ul Jusanoidu "UoIjeUIWEIU0IBP pUe Huunins se vsn
ueaw ay| *(0°L) 0°8 910s 158) 85IN02150d UBAW pue (|'|) £'G 9100S 359} snodaud ueaw  yans s||iys buiydesy sdoysyiom paseq sjjis ayy uo passyled asem  ‘suRIPa|Al Jo [0oyds AlsIaAIun umolahiosn
UdaM]aq palesuowap buiaqg uawanolduwi ue Yyum ‘9sinod sy} jo uonajdwod ybnoiyy  sawodlno o ‘| buiaq s|qeAsIyde 8103s WNWIXeW e YHM S}Sa} '310¢
214 s ‘abpajmouy| abpajmouy auIpaw Ja1sesIp sy} ul Juswanoidwi Juedyiubis pakejdsip siuspnis  paseq-abpajmoun| 8sin0d1sod pue 85in0daid pasamsue syuspnis pp JOUSBIM
(9a4besip/aaibe g°9) adueAajal pue (piey 0ol/Asea 00} 0'p) AyNdIYIP JO [3n) ‘(1se}
00)/MOJ|S 00} 7'f7) @ed 9|eds Juiod-uanas Ly e uo pajes Ajqesnoney pue Aybiy asinod '$8100S UOIR|NWIS
ay1 Jo aseyd uonejnuwis ayy pares spuspms ay1 (10°0>d) syuaned ysu-ybiy buiknuspl 9SIDJAXD USBMIBQ PUB UONE|NWIS JO 3sn pue uolejuawa|du VSN ‘llemey
ul JuapIju0d a1ow pue (10°0>d) se2inosai busiiond ur Juspiyuod alow ‘(100"0>d)  95In0d 3y} uo uofenjeas Huialb o) uonippe ul sAemje, 0} Jandu, o ANSIBAIUN ‘BINYISU] YDIeDSBY YIeays[a)
wiawieal) bursnonud ul Juspiyuod aiow ‘(100 0>d) sispuodsal 151y dAIBYS WY} pajjaqe| syutod yum ajeds a7 ulod-aAl) e uo suonsanb 6002
Yz 01| 9pNUPY  JSpISuod pjnom syusijed I8y} ey} JUSPIUOD 3I0W SWIRIA] SUSPNIS 3SIN0D SIY} Huimojjoq 9UBPIJU0I-§3S BSIN02}50d pue 3sin0daid pasamsue syuapnis gy JUDUIA
(9aubesIp/eaibe |9°0FG'g) @dueA3|al pue (pley 003/Ases 001 £8°0FS'Y)
Aynoiip Jo [3n3) ‘(1584 001/MO[S 00} 6€"0FZ'17) 82ed :3]eds Julod-UsAS LsYIT e uo pajel 91005 Ay1[eal [eniA
Ajgeinoney pue Alybiy asinod ay) jo aseyd uonejnwis sy palel sJuapnls '(800°0=d)  SIDIXS UIIMIB] pue A}[eas [ENUIA o BSh pue uonejuswa|dwi VSN ‘llemey
syuaited ysu-ybiy Buifynuapi ur Juspiyuod siow pue (100"0=d) se2inosai buisnuoud ur  85in0d ay} uo uonen|eas buiaib o} uomippe ul skemie, 01 JaAsu,  Jo AISIBAIUN ‘BINNISU| YDIRASRY Yl[eay|aL
1uap1yuod aJow ‘(100 0=d) uswieas buisiuoud ui Juspyuod alow ‘(900 0=d) siapuodsai pajjaqe| syutod yum ajeas pay I ulod-aAly e uo suonsanb ‘3002
vz 0l SPMUNY  1SII SANDSYD WAY) JBPISUOD pinom sjualied J1y) 1y} JUSPIUOD SI0W SWEIA] S)UBPNIS 9DUBPIJU0-§S 85IN02)50d pue 9sin0d31d pasamsue s)uspnis 'y JUBDUIA
"(%¥3S) 3nnebau pue (%€ L) papapun
"(%€€) aAnIsod d1aM ||RISAO YDIYM SBUITRI paxiw PaAIadal 35103 ay| "8sinod}sod "pasayreh a1am aduaLIRdXa Iy} INOge SI0)e}|1De) pue
paseanap (anss! yijeay d1jgnd e se ezuanjjul dlwapus) auo }dadxa seale abpajmouy SJUBPN}S Y} WO} SJUBWILUOD |BGISA pUB USRI ‘paysijdwodde VSN ‘duRIpal J0 3b3)[0D) NBY Sexal 3yl
Pa1sa} ||e pue 53¢ 219M 3BPI|MOUY| S0} S3I0IS ISIMO| BY] "3SIDI9XD BZUSN|JU| UBIAY Sy}  USaq pey sidaduod sy jo Bulpuelsiapun pue saAidafgo syl ydiym ‘3002
dz o1 | "abpajmouy| 194e skep utebe pue ai10jaq 1591 abpajmoud| sy} pajajdwod syuapnis [eaIpaw Xis-AIxIS 0] JURIXD By} Ssasse 0} sajeds adAy LayI] pasamsue syuapnis 4,'SEUIYIS
[ELE)} painseaw sbujpuyy pasiiewwns ujej JUBWSSISSE 3WO0INQ £nunod
puedry  ensyd ydLedyy ‘uonynsu|
‘1eak

‘loyne pea]

panunuo) € ajqey

10.1136/postgradmed;j-2020-137906

1-12. doi:

0

i

Ashcroft J, et al. Postgrad Med J 2020



Original research

Selection and reporting of results
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Figure 2 Individual risk of bias for non-randomised control trials

determined by ROBINS-1.

critical (figure 3). Confounding bias was serious overall as many
studies did not present pretest control data. There was critical
overall bias in the selection of participants as courses were often
not open to all students, for example, self-selected recruitment
from student emergency medicine interest groups. Classification
bias and bias due to deviation from intended interventions was
low. A single study had a classification bias because they did not
adequately describe their educational intervention—as all other
studies had low bias, this domain was classified as having low
overall bias.

Overall missing data bias was moderate as three studies had
some form of missing data and were not able to adjust for this in
their analysis. Measurement of outcomes had serious bias overall,

Confounding

Selection

Classification

Deviation from intended interventions

Missing data

I

Measurement of outcomes

Selection and reporting of results

I

0% 20% 40% 60% 80% 100%

[ OLow OModerate OSerious B Critical OUnknown

Figure 3 Overall risk of bias for non-randomised control trials
determined by ROBINS-1.

as many questionnaire evaluations were subjective without any
objective measures. Selection and report of results had serious
bias overall. while some studies did note ethical approval there
was no priori registration of the results and some studies had
limited reporting of results.

DISCUSSION

This systematic review identified approaches used to train
medical students in disaster medicine in order to suggest training
approaches for medical students in the current COVID-19
pandemic. We identified 23 studies published between 1996
and March 2020. Overall, medical student disaster training
programmes improved student disaster and pandemic prepared-
ness and resulted in improved attitude, knowledge and skills.
There was an improvement in all studies that measured precourse
and postcourse outcomes.

We found that all interventions ranging from simple classroom-
based interactive discussion to complex multimodal simulative
experiences resulted in improved knowledge, skill and atti-
tudes towards participation in disaster medicine. The main
outcomes of the courses reviewed were subjective; however,
there was evidence to suggest that disaster medicine training
does improve objective knowledge and can teach skills which
can be used by medical students, relevant to a pandemic. The
majority of courses were just 1day in duration, indicating that
short courses can still be impactful. The courses identified in
this review required expert faculty or high-fidelity equipment
and were implemented alongside an already busy medical school
curriculum. These barriers prevented the majority of courses in
this review from reaching longitudinal integration into medical
school training. However, this may be overcome in the current
COVID-19 pandemic by collaboration and coordination, partic-
ularly when many medical students have had their studies either
postponed or converted to telemedicine/online teaching.

The main limitations of this review are related to study design,
as the majority of studies were single centre and often focused on
very specific aspects of disaster medicine. The overall reporting of
both participant factors and outcome factors was generally poor,
and the educational methodology was very heterogeneous—this
was represented by critical risk of bias in selection of partici-
pants, and serious risk of bias in measurement of outcomes. This
bias inevitably weakens the strength of the conclusions drawn,
but given that all studies demonstrated a positive benefit, it can
still be concluded that there will be benefit to students who
undertake disaster preparedness courses.

Another limitation was the Kirkpatrick levels that were evalu-
ated. Only one study evaluated change in behaviour (level 3) and
no studies evaluated change in clinical performance (level 4a) or
organisational patient benefit (level 4b). Furthermore, only three
studies focused solely on pandemic influenza, airborne viral
management or personal protective equipment (n=3, 13%), and
only a single study assessed resuscitation in a disaster setting.
This is of particular importance for the COVID-19 pandemic,
where respiratory personal protective equipment is a necessity
and there are specific resuscitation guidelines.'® Clinical impact
and clinical utility must be taken into account when making
suggestions for training during the COVID-19 pandemic.

Although medical students working during the COVID-19
pandemic will likely be deployed to non-infectious areas of work,
there is no guarantee that medical students will not be exposed
to the virus." Furthermore, a strain will be placed on healthcare
services and contingency care may need to be provided in place
of a traditional care service.”” Here, students may be essential in

10

Ashcroft J, et al. Postgrad Med J 2020;0:1-12. doi:10.1136/postgradmedj-2020- 137906



Original research

preserving the resilience of hospitals and community healthcare
systems.”” There will ultimately be more pressure on medical
students to work than previous cohorts and this review suggests
that disaster medicine training as a part of medical school’s
curriculum is not common practice. Therefore, medical students
may require a very different set of competencies than those
acquired during medical school. Unsurprisingly, some final year
medical students do not feel ready to start as a newly qualified
doctor, due to worries they are not well prepared for clinical
placements, or feeling under prepared for COVID-19.?' More-
over, the Medical Schools Council have advised that medical
students from any year should not take on roles that will impact
on their studies.®

This review suggests that early mobilisation of medical
students into the workforce could be accompanied by disaster
medicine training. All courses reviewed in this study were posi-
tively evaluated by medical students, and if a similar programme
was offered to current medical students, it would likely be well
received improving willingness and preparedness to work in the
healthcare service. This is of particular importance as medical
students are already being asked to join the workforce as volun-
teers, or to graduate early in order to join healthcare systems as
physicians. There is great concern that students who give assis-
tance during a disaster without training are at an increased risk
of both harm to themselves and psychological consequences.**
There is therefore a need to create novel courses to teach medical
students pandemic skills in these unprecedented circumstances.

This review suggests that the most beneficial medical student
disaster medicine courses should consist of mixed modalities of
didactic sessions, case-studies, practical hands on training and
simulation experiences.

Suggested structure for COVID-19 training for medical
students

These training methods could be used to train medical students
in COVID-19 specific knowledge and skills and prepare them

Table 4 Suggested COVID-19 course and assessment structure

Domain Description

Course structure COVID-19 training course for medical students consisting of:
didactic lectures (with social distancing) or distance learning,
eg, video, podcast and computer activities; case-based group
discussion; practical activity, eg, respiratory personal protective
equipment fitting; and high-fidelity simulation, eg, CPR for a
patient with COVID-19

Medical student All medical students with priority given to medical students in

population their final year
Duration of 1 day
intervention

Lecture hall, classroom, indoor simulation (with social
distancing or personal protective equipment), distance
learning, online web system

Lectures (with social distancing), practical skills, simulation,
group discussion, computer activity, video, case study,
handouts

Education setting

Teaching methods

Assessment Knowledge—precourse and postcourse examination of
didactic components assessing COVID-19 understanding
Attitude—precourse and postcourse questionnaire on
preparedness and willingness to perform duties
Skill—summative assessment of practical activity and
simulation

Clinical—follow-up assessment over the following months
assessing behavioural change and benefit to patients

CPR, cardiopulmonary resuscitation.

for clinical practice. Table 4 shows a proposed COVID-19 course
and assessment based on the findings of this systematic review.
The course structure includes the variety of elements found in
other studies. Didactic lectures on COVID-19 could be deliv-
ered in a lecture hall with social distancing measures in place, or
perhaps more appropriately as a distance learning component
consisting of video, podcast and computer activities. Practical
activities could include fitting of respiratory personal equipment
as well as donning and doffing. The simulated element could
consist of a patient with COVID-19 who requires cardiopul-
monary resuscitation. In resource-limited scenarios, this could
be undertaken using computer-based tutorials or video tuto-
rials. As new doctors and medical students may have a substan-
tial volume of information to learn in addition to this course,
handouts and online refresher courses should be offered. The
proposed assessment aims to cover all Kirkpatrick levels and
criteria. It is also important to teach and train human factors
awareness, particularly in relation to team dynamics, lowering
authority gradients and empowering anyone to speak up if
concerned.”” Maintaining both individual and team situational
awareness is also important during any clinical duty, and even
more so during a crisis setting.”’ It may be useful to incorporate
a credentialing process for medical students undergoing disaster
training, thereby allowing students to demonstrate a background
of competency and separating this cohort from unskilled volun-
teers when aiding a disaster medicine response.?* The successful
implementation of these suggested disaster training techniques
will require the encouragement of people-centred training, the
development of peer-learning, coordination and funding of
training systems, and regular disaster preparedness exercises of
multimodality format.

Conclusion

The COVID-19 pandemic has caused unprecedented disruption
to healthcare services in peacetime. Medical students may play
a crucial role in the healthcare response. There is an imminent
demand for educational interventions to train medical students
to better assist in this response. The disaster medicine courses
reviewed in this article improved knowledge, skills and atti-
tudes through multimodal techniques and were well received

Main messages

» Medical students could play a crucial role in the SARS-CoV-2
healthcare response.

» Disaster medicine programmes using multimodal techniques
improve knowledge, skills and attitudes which are imperative
for medical practice in a pandemic.

» Training programmes incorporating previously successful
techniques could ensure the successful integration of disaster
training into global medical school curricula.

Current research questions

» Do disaster training programmes aimed at medical students
demonstrate direct patient benefit?

» Can disaster training programmes improve the integration
of medical students into the healthcare workforce during the
SARS-CoV-2 pandemic?

» How can disaster training programmes be adapted to
manage future pandemics?
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by learners. Although no studies in this review demonstrated
direct patient benefit, the courses increased student prepared-
ness and similar courses should be implemented prior to medical
students joining the healthcare workforce during the COVID-19
pandemic. Future courses should note the methodological and
longitudinal flaws demonstrated in previous studies so that direct
patient benefit can be demonstrated in the COVID-19 pandemic.
Future work should be undertaken to ensure the successful inte-
gration of disaster training into global medical school curricula.
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