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Abstract

Objective: To systematically review the latest evidence for patient safety
education for doctors in training and medical students, updating, extending

and improving on a previous systematic review on this topic.

Design: A systematic review.

Data sources: Embase, Ovid MEDLINE, and PsycINFO databases.

Study selection: Studies including an evaluation of patient safety training
interventions delivered to trainees/residents and medical students published

between January 2009 and May 2014.

Data extraction: Performed using a structured data capture tool. Thematic
analysis also identified factors influencing successful implementation of

interventions.

Results: We identified 26 studies reporting patient safety interventions: 11
involving students and 15 involving trainees/residents. Common educational
content included a general overview of patient safety, root cause/systems-
based analysis, communication and teamwork skills, and quality improvement
principles and methodologies. The majority of courses were well received by
learners, and improved patient safety knowledge, skills and attitudes.
Moreover, some interventions were shown to result in positive behaviors,

notably subsequent engagement in quality improvement projects. No studies
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demonstrated patient benefit. Availability of expert faculty, competing
curricular/service demands and institutional culture were important factors

affecting implementation.

Conclusions: There is an increasing trend for developing educational
interventions in patient safety delivered to trainees/residents and medical
students. However, significant methodological shortcomings remain and
additional evidence of impact on patient outcomes is needed. Whilst there is
some evidence of enhanced efforts to promote sustainability of such
interventions, further work is needed to encourage their wider adoption and

spread.
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Strengths and limitations of the study

This systematic review provides an update of the evidence on courses
teaching core concepts of patient safety to medical students and
trainees/residents.

The results confirm an increasing trend for developing educational
interventions in patient safety delivered to trainees/residents and
medical students.

However, we found that significant methodological shortcomings in
studies reporting such interventions remain and additional evidence of
impact on patient outcomes is needed.

Whilst there is some evidence of enhanced efforts to promote
sustainability of such interventions, further work is needed to
encourage their wider adoption and spread.

The main limitations of this systematic review relate to the quality of the
included studies and only including articles published in the English

language.
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INTRODUCTION

Educational interventions for quality and safety improvement have garnered
increasing interest over recent years. The importance of such interventions is
acknowledged by the development and integration of dedicated patient safety
and quality improvement curricula and frameworks into medical education at
all levels. For example, the Association of American Medical Colleges
(AAMC) endorses the introduction of formal quality improvement education
from medical school through to postgraduate training and continuing medical
education."? The Accreditation Council for Graduate Medical Education
(ACGME)® and CanMEDS*® competency frameworks incorporate essential
competencies relating to quality and safety for medical professionals. The
World Health Organization (WHO) has developed a Patient Safety Curriculum
Guide for Medical Schools® and, more recently, a multi-professional edition.”
Such curricula aim to guide and support educators in developing and

implementing educational programs in patient safety.

There has been a significant increase in the number of publications relating to
patient safety courses, particularly those aimed at residents. A systematic
review on teaching patient safety and quality improvement to medical
students and residents was published in 20108 identifying 41 studies
published between January 2000 and January 2009, of which 27 included an
evaluation of the described intervention. This review identified significant
methodological limitations in most studies, including low response rates,
single center recruitment, and small sample sizes (median = 41 participants

per study, interquartile range = 20-106).® Although most interventions were
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well-received by participants, and resulted in improvements in safety and
quality knowledge scores, few studies were able to demonstrate changes in
learners’ behavior or potential patient benefit.® The reviewed articles also
identified multiple barriers to sustainable integration of the courses, which

spanned learner, faculty and institutional factors.®

Patient safety education is a rapidly emerging field and it is likely that, in part
due to the recent development and implementation of patient safety curricula
and frameworks highlighted above, an increasing number of articles have
been published since this last systematic review, perhaps addressing some of
the above-identified methodological limitations of the older studies. The aim of
this study was thus to perform a focused systematic review of research
reporting courses that teach core concepts in patient safety and that target
medical students and junior doctors published since 1 January 2009. We
describe the educational content and teaching methods employed, evaluate
the learning outcomes achieved, and explore factors influencing

implementation of these patient safety courses.

METHODS

Data sources and search strategy

We pre-specified the methods utilized in this systematic review and present

them in accordance with PRISMA (Preferred Reporting ltems for Systematic
reviews and Meta-Analyses) guidelines.® A literature search was performed

using the electronic databases of Embase (1996 to 2014 Week 18), Ovid
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MEDLINE (1996 to April Week 5 2014), and PsycINFO (2002 to May Week 1
2014); although the focus of this systematic review was to identify papers
published since the last systematic review covering this topic, i.e. from
January 2009 onwards, we used a search strategy incorporating an earlier
start dates. This allowed us to perform an evaluation of the sensitivity of our
search strategy by ensuring five reference papers that we identified as highly

relevant studies before performing the literature review'® ™

were identified by
our search strategy. All five reference papers were identified, and thus we
were able to begin our search from the end of the data collection period of the

previous systematic review covering this topic.®

Our search strategy (available on request from the corresponding author)
incorporated the two broad themes of ‘medical education’ and ‘patient safety’,
and the content areas were combined using the Boolean operator ‘and’; a
pilot search revealed that ‘medical education’ successfully encompassed both
‘education’ as the intervention and ‘medical students and/or trainees and/or
residents’ as the population of interest. Search terms were generated with the
assistance of key words from core reference texts'® and relevant articles,® and
a combination of MeSH terms and free text words (truncated wherever
appropriate) were used to maximize the sensitivity of the search. We limited
the search to human studies published in English language, and removed
duplicates. Additional articles were sought through hand searching of

reference lists of included studies.
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As our data comprised studies that were previously published and publicly

available, this study did not require ethical approval.

Eligibility criteria

We included articles that described and evaluated an educational intervention
that explicitly exposed medical students and/or trainees/residents to core
concepts of patient safety. Articles that included medical students and/or
trainees/residents in addition to other population groups were not excluded.
To be included, reviewed articles were required to have sufficient empirical
data for analysis (e.g. conference proceedings were excluded), the
educational intervention was required to include patient safety as core
content, and the study had to include an evaluation of the educational

intervention. Detailed eligibility criteria can be found in Appendix 1.

Article review process

Titles of the initial 4027 articles identified by the search strategy outlined
above were reviewed by an academic physician with expertise in patient
safety and medical education (MA). After excluding articles with titles that
were clearly irrelevant to the topic at hand, the remaining abstracts were
reviewed for inclusion independently by MA and a second physician with
expertise in medical education (MAK). Disagreements were resolved through
consensus, involving a third reviewer with expertise in patient safety and

medical education (NS) as necessary.

8
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 54

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 IMdy uo /wod g uadolwq//:dny woij papeojumoq ‘GTOZ ABIN 0Z UO G0/ .00-GT0Z-uadolwag/9eTT 0T St paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

Page 9 of 54

©CoO~NOUITA,WNPE

BMJ Open

Data extraction and quality assessment

Consistent with Best Evidence Medical Education (BEME)
recommendations,'® administrative data (including publication details and
country of origin), topic-related data (including details of the educational
intervention and number and type of participants) and research-related data
(including methodology and results) were extracted from the studies that were
identified as relevant. Factors influencing curricular implementation of the
intervention were categorized under four broad headings (learner factors,
faculty factors, curricular factors and learning environment factors) devised by
the authors of the previous systematic review on this topic.8 Only factors that
were explicitly described by the authors of the papers included in this

systematic review were counted and categorized in this manner.

Assessing the quality of interventions is a well-documented challenge facing
systematic reviews of educational interventions.'” The BEME review protocol
recommends a system for assessing the quality of studies based on
grading,® but as no specific guidance as to how to apply these grades is
provided, we assessed quality by extracting information on both stated and
perceived limitations of the study as assessed by study design, sample size,
completeness of data and overall coherence between study aims, methods

and conclusions.
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Analysis

Given the anticipated heterogeneity in study designs and outcomes as per the
previous systematic review on this topic,8 quantitative synthesis of the data
(i.e. meta-analysis) was not performed. Simple quantitative statistics were
used to report on educational content, methodologies used, study populations

and learning outcomes (where reported).

Studies were categorized by the learning outcomes reported by the authors,
using the modified version of Kirkpatrick’s levels of evaluation adopted by the
BEME collaboration as a grading standard for systematic reviews.'® This
assesses impact on learners’ satisfaction (level 1), changes in learners’
attitudes (level 2a), measures of learners’ knowledge and skills (level 2b),
change in learners’ behavior (level 3), changes to clinical
processes/organizational practice (level 4a), and benefits to patients (level
4b). Accordingly, the results of this systematic review are presented according

to the Kirkpatrick learning outcome assessed.

RESULTS

Selected articles

The initial yield of the review was 4027 articles retrieved by the search
strategy. The subsequent title screen of articles identified 304 potentially
relevant titles for the abstract review stage. Independent review of abstracts
against the eligibility criteria by two reviewers (MAK, MA) followed by
consensus resulted in 61 papers for review. The agreement between the
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reviewers was excellent (kappa = 0.917, 95% confidence interval = 0.871 —
0.963). Review of the full text identified 25 papers that fully met the eligibility
criteria and were included. An additional eligible paper was identified from
hand searching of relevant reference lists, resulting in 26 papers for analysis.

This process is summarized in Figure 1.

Characteristics of included studies and study settings

Table 1 summarizes the main characteristics of the included studies, including

study design, participant number and type, and course structure and content.
The majority of the 26 studies were conducted in the USA (n = 17, 65%). Of
the remaining studies, five (19%) came from the UK, '®?? two (8%) from the

23.24 one from China® and one from the Republic of Korea.?®

Netherlands,
Participants comprised trainees in fifteen (58%) studies (often resident or
specialty trainee/registrar grade), and medical students in the remainder. No
studies recruited both students and trainees/residents simultaneously.
Participants learned in interdisciplinary groups in six of the studies; four

18.2729 another both junior and senior doctors,'® and another

involved students,
both residents and faculty.>° One study involved senior doctors (attending or
consultant grade level) as participants as part of faculty development

activities, although their learning outcomes were not directly assessed.”'

Characteristics of the courses

Features of the courses including the teaching modalities employed and the

core content covered are summarized in Table 2. The majority of courses
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employed a mixture of didactic and experiential teaching methods. Small-
group discussions/workshops and lectures were commonly used approaches:
n =14 (54%) and n = 12 (46%) of courses, respectively. Multimedia
approaches including web-based content, videos and/or DVDs were also
employed in ten studies (38%), mostly as an adjunct to other approaches and
less so as a central feature of the course. Case-based learning utilising real-
life examples of adverse events identified by either participants

themselves?*31-3°

or presented by patients22 was used as a core feature in
seven (27%) courses. Project work (quality or safety improvement) was used
in six studies (23%) and role-play and simulation were used in only four
studies (15%). The latter is in contrast to studies of non-technical skills

training (such as team training), which typically rely on resource-intensive

simulation-based teaching modalities.*

The most common content of the courses included a general overview of
patient safety (including key terminology and the emergence of patient safety)
and root cause and/or systems-based analysis, featured in 17 (65%) and 16
(62%) studies, respectively. Communication and teamwork skills (both core
‘non-technical skills’) education was included in 13 (50%) studies, and quality
improvement principles and methodologies in 12 (46%) studies. ‘Human
factors (engineering)’ and ‘systems thinking’ were also covered in some
studies, although these phrases were typically ill-defined by authors. Other
less frequently covered content included medication safety, error disclosure,
and incident reporting methods and barriers. Only 3 studies (12%) explicitly

based their curricular content on the WHO'’s Patient Safety Curriculum Guide
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for Medical Schools; interestingly, all three were studies conducted outside of
the USA.?""%>2¢ Of studies conducted in the USA, nine (53%) cited regulatory
standards in education as the rationale to their work. This included reference
to the AAMC Medical Schools Objective Project report which recommends
that medical schools deliver patient safety education to undergraduates1 and
the ACGME? which lists common competencies in practice-based learning

and systems-based practice.

Study design and quality assessment

The majority of studies employed a before-and-after study design (n = 18,

69%); four of these included a control group: two involved a contemporaneous

22,37 32
l, l

contro one a historical control,” and one a randomized
contemporaneous control group.®® Only three (12%) studies included
additional long-term follow-up, at six weeks,? 6 months,?® or ‘between 1 and
12 months’.*” Five (19%) studies involved a post-intervention evaluation only.
One study was a randomized controlled trial, however due to logistical
constraints, the control group did not undergo matched assessment of

behavioral outcome measures.*®

The median sample size across studies was 109 participants (interquartile
range = 52-188), and one outlier study had 1169 participants;*° some studies
did not clearly indicate the exact number of participants. For example, one
study was described as involving ‘over 787’ participants pooled over several
years.28 The majority of studies were conducted within a single institution (n =
18, 69%). Other common methodological limitations included poor response
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19,22,35,40,41 19,39

rates, inadequate description of the course, and/or inadequate
reporting of results.?>%22%33 | imitations relating to the assessment tools

employed are described in the following section.

Study evaluation and main findings

Table 2 displays the levels of evaluation assessed across the studies
categorized by participant type (medical student or trainee/resident). Studies
involving students primarily focused on participant satisfaction, attitudes, and
knowledge/ skill acquisition, with lesser emphasis on behavioral change. In
contrast, nearly all (n = 13 of 15, 87%) studies involving trainees/residents
examined behavioral change as a learning outcome, with six (23%) studies
examining organisational impact through participant engagement in quality
improvement work.'9203%4244 None of the studies explored patient benefit

(level 4b) as a result of the course.

The outcome measures, main findings and level(s) of evaluation reported in
each study are displayed in Table 3. Assessment tools used and main
findings are discussed further under the respective Kirkpatrick’s level

headings below.

Level 1: Participation / satisfaction
This was assessed in nineteen (73%) studies. Satisfaction was mostly
assessed using questionnaires post-intervention requiring responses on a

Likert scale. Three studies supplemented satisfaction questionnaires with
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1839 or interviews with participants.'® Satisfaction with the

either focus groups
courses was generally high although response rates were poor in some
studies.?***! Two studies evaluating courses that included web-based

content reported poor uptake®* or lower satisfaction rates’® with the web-

based learning component.

Level 2a: Attitudes / perceptions
Patient safety attitudes/ perceptions were assessed using a variety of tools in
twenty (77%) studies. Bespoke questionnaires comprising items mapped to

course learning objectives were used in eleven studies.'®26-28:30:31.33.39.40.42.44

2134 and a further four

Two studies used modified versions of validated tools
studies used modified versions of previously published
questionnaires.?>?3?>32 One study used the previously published ‘Attitudes to
Patient Safety Questionnaire’.?? One study assessed systems-based thinking
using a validated scale (‘System Thinking Scale’, STS)*' and one study
assessed perceived patient safety culture using the modified ‘Hospital Survey
on Patient Safety Culture’.'® Of studies evaluating patient safety attitudes pre-
post intervention, the majority of studies reported significant improvement in at
least some domains. The study assessing systems-based thinking reported
significant improvement in STS scale scores post-intervention,41 whilst the

study evaluating perceived patient safety culture reported no change post-

intervention.™

Level 2b: Knowledge/ skill acquisition
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Fourteen (54%) studies evaluated knowledge acquisition using objective
and/or self-report measures. Objective tests were used in twelve studies;'®
2231371394143 these comprised multiple choice or true/false questions mapped
to course learning objectives. One of these studies used knowledge questions
from the ‘Attitudes to Patient Safety Questionnaire’.?> Most studies
demonstrated significant improvements in knowledge acquisition, although in
one study a poor response rate precluded statistical testing,19 in another no
comparison between pre- and post-intervention scores was reported,43 and in

another increases in performance were observed post-intervention but no

statistical analyses were reported.??

Learners’ patient safety skills were assessed in seven (27%)

StUdieS,20'28’32’39’41 -43

all of which employed self-reported measures. Six of
these studies demonstrated significant improvement in scores for most or all
items, with the remaining study not reporting a comparison between pre- and

post-intervention scores.*

Level 3: Behavioral change
Changes in safety-related behaviors were assessed in sixteen (62%) studies,

in a number of ways: behavioral intentions assessed via questionnaire;?>4"42

self-reported safety-related actions (e.g. incident reporting);'®202224:30.37.38 ¢
by safety-related actions determined objectively.20:21:33:3%:39.4044 5 these |atter
studies, objective assessment included qualitative assessment of patient

safety observations,?' National Patient Safety Goal (NPSG)-related behaviors

assessed via simulation,®® engagement in quality improvement work,2%3%44
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and incident reporting assessed via submissions to formal hospital reporting
systems.**#? All studies reported favorable changes in safety-related
behaviors, with the exception of one study, which found that whereas
learners’ intentions to report significantly improved post-course, actual (self-
reported) incident reporting did not increase following the course.?® Notably,
all but three of the 16 studies that evaluated change in participant behavior

were conducted in trainees/residents as opposed to medical students.

Level 4a: Organizational change
Six (23%) studies evaluated organizational change as an outcome measure of
their course. Each of these studies involved learner engagement in quality

improvement work 920354244

and all these studies reported subsequent
positive impact at organizational level, including through the
initiation/continuation of quality improvement projects/roles.?**>4?** Three
quarters of participants in one study indicated they had a formal or informal
role in patient safety or quality improvement within their current practice
environment.*® The team-based ‘Training and Action for Patient Safety’
(TAPS) program found that 8 of the 11 interdisciplinary teams were able to

demonstrate improvements in patient safety outcomes and/or practices

through the use of weekly data plotted on run charts.™

Factors influencing curricular implementation

Table 4 displays the key factors influencing curricular implementation that we
identified, with selected illustrative quotes and categorized under previously

designed framework headings.® In terms of learner factors, many studies
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identified the need to ensure personal / clinical relevance of the material to
learners, with opportunities to apply the learning in order to enhance

engagement (e.g. 2°°°)

. For studies involving doctors, competing clinical
commitments was identified as a barrier to engagement.?' In studies
employing inter-professional modalities, improved teamwork and
communication was a welcome additional benefit of the course.'® However,
difficulties in delivering such inter-professional learning were highlighted.?®
Most studies identified the need for adequate faculty, with protected time to
support delivery of the course and competing clinical commitments of faculty

t.2 Some commented on their now

being a barrier to faculty engagemen
maturity of the faculty infrastructure,*' whilst others aspired to broaden their
faculty infrastructure to ensure sustainability of the course.*? Faculty role-

modelling and clinical credibility were noted to be important influencing

factors.?®

Competing curricular demands was commonly cited as a barrier to
sustainability of the courses, with some suggesting instituting the course as a
mandatory requirement to ensure protected time for Iearning.21 Promoting
patient safety as a science was felt to be a key factor for successful
implementation by the authors of one study.*’ The majority of studies
appreciated the need to strike a balance between didactic and experiential
teaching modalities and of the need for sufficient reinforcement whilst
avoiding repetition and duplication of material. The authors of one study

recognized that delivering a centrally-administered intervention to the whole
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trainee population may ensure greater sustainability of the course than

delivering it to a sample of the cohort.*

In terms of institutional/learning environment factors, many studies recognized
the institutional patient safety culture as a key determinant of successful
implementation (e.g. %°). Ensuring a safe learning environment to allow open
discussion of sensitive material (e.g. relating to adverse events) was
recognized as being of particular importance when delivering education in
patient safety. Forging improved links between the service provider (hospital)
and the training providers was recognized as key to ensuring sustainability,
particularly for courses which aimed for engagement in quality improvement

work as a follow-on to the course.®®

DISCUSSION

This systematic review provides an update of the evidence on courses
teaching core concepts of patient safety to medical students and
trainees/residents. We identified 26 studies published between January 2009
and May 2014. This is in contrast to a previous systematic review addressing
the same topic but with a wider remit and time period (January 2000 to
January 2009) that found 27 studies published incorporating evaluation of the
interventions.® This suggests that there is increasing interest in developing,

delivering and evaluating courses teaching patient safety.
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In the previously published systematic review,® the interventions were mostly
well received by participants and resulted in improvements in safety and
quality knowledge scores. However, few studies were able to demonstrate
changes in learners’ behavior (Kirkpatrick’s level 3) or potential patient benefit
(level 4b). Moreover, thematic analysis of the articles identified multiple
barriers to sustainable integration of the courses, which spanned learner,
faculty and institutional factors. Our systematic review has also found the
included interventions to be mostly well received by participants, with
improvements in safety knowledge and attitudes. Whereas more studies in
our review were able to demonstrate positive changes in participant behavior
relative to the previous review, this was mainly for interventions targeted at
trainees/residents rather than medical students and most of these data on
participant behaviour were self-reported. None of our identified studies
demonstrated patient benefit (level 4b) from the interventions, although
measurement of changes in clinical outcomes following educational
interventions is notably difficult, in part due to the complexities in establishing

true cause and effect.

Assessment of organizational change (level 4a) resulting from the intervention
was also infrequent in our identified studies, particularly in those involving
medical students. Furthermore, in the studies we reviewed, barriers to
sustainable integration of the courses also spanning learner, faculty and
institutional factors were identified. Such factors included poor learner
engagement, lack of expert faculty, competing educational priorities and an

unsupportive institutional culture.
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Despite increasing evidence for the efficacy of educational interventions in
patient safety, the wider implementation and adoption of successful
interventions has been slow.*>*® As a result, recommendations to promote
curricular integration of patient safety education aim to address the barriers
outlined above — for example, through investing in faculty development,
promoting patient safety as a science and integrating patient safety
competencies into accreditation standards and certification examinations, to

ensure protected time and incentives for medical engagement.*¢4’

Like the earlier systematic review by Wong and colleagues,? the majority of
studies we identified in this systematic review were conducted in the US and
preferentially targeted residents over medical students. The dominance of US
studies in this systematic review may reflect the explicit integration of
competencies in patient safety and quality improvement within national
curricular statements and guidance.1’3 The majority of studies we identified in
our review had small participant numbers, relied on single center recruitment,
and were designed as before-and-after studies with no control group or follow-
up. Therefore, overall the methodological quality of studies of patient safety
interventions in medical students and trainees/residents has not changed
significantly between this systematic review and the previously published
one.® This is despite recent years being characterised by the development of

curricula and frameworks specifically targeting patient safety.'?
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Our systematic review does, however, provide some positive evidence of
developments in the literature. Many of the studies we identified used
previously published and/or validated assessment tools, demonstrating a
knowledge and appreciation of the emergent evidence base in patient safety
education. In line with good educational practice, the majority of studies
employed experiential learning modalities (such as group discussion and
project work), although one study relied solely on didactic lectures to facilitate
integration into a ‘busy curriculum’.?® Interestingly, case-based learning of
real-life adverse events was used in few studies, despite the recognized value
of reflecting and learning from error and adverse events*® and their popularity

among trainees.***°

Several of the studies we identified explicitly commented on the sustainability
of the course and its integration into the wider institution, a notable difference
from the earlier systematic review from Wong and colleagues.8 This may
reflect a trend to more consideration of the longer-term sustainability of patient
safety interventions. To this end, six of the studies we identified in this review
reported data from courses which had been sustained over at least two

years, '8:2027:313543 o studies reported ‘booster’ courses designed to
enhance/reinforce established safety educational interventions delivered

earlier in the course of training,*3®

and one study described an educational
intervention coupled with reorganization of clinical services to facilitate quality

and safety improvement efforts.**
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In the previous systematic review,® the core content most commonly
comprised of root cause analysis, systems thinking, general patient safety
concepts, and error-incident reporting (all identified in over 30% of courses).
In contrast, we found content to most commonly cover root cause/systems
based analysis, general patient safety concepts, communication and
teamwork, quality improvement, and human factors (all identified in 30% or
more of published courses). This discrepancy between the two systematic
reviews may reflect the different search strategies used but may also relate to
the increasing recognition of the importance of communication and teamwork

in patient safety (e.g. ).

The main limitations of this systematic review relate to the quality of the
included studies and the narrower focus when compared to the previous
systematic review. We only included manuscripts published in the English
language. We may have missed some relevant studies, although no
systematic review can truly claim to find all relevant studies. There was
significant heterogeneity across the studies in terms of number and type of
participant targeted, the educational content of the course, the teaching
methods employed, assessment tools used and the outcomes measured,
which prevented a quantitative synthesis of the results. Moreover, the
identification of factors influencing implementation of the courses was wholly
dependent on the quality of reporting of such factors by the authors, many of
who did not stipulate identifying such factors as the primary aim of their study.
It may be that important barriers and enablers to the sustainable integration of

patient safety courses remain unreported, although it is important to note that
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we identified similar barriers and enablers to those identified in the previous

systematic review.®

In addition to the need for future studies to address the above-described
limitations in the evidence base, the relationship between approaches to
teaching and the different types of learning outcomes should also be
explored. So, too, should the relationship between implementation
approaches and the impact on sustainability of an educational intervention.
Such knowledge should optimize the quality of the evidence base and
facilitate the development of robust evidence-based guidelines on factors that
can improve outcomes at multiple levels following educational interventions

for patient safety.

CONCLUSIONS

There is an increasing trend for the development of educational interventions
in patient safety delivered to trainees/residents and medical students. The
majority of such courses are well accepted by learners, and improve patient
safety knowledge, skills and attitudes. Moreover, some interventions have
been shown to result in positive behaviors, particularly through the
subsequent engagement of trainees/residents in quality and safety
improvement projects. However, no studies in the current systematic review
demonstrated patient benefit. Significant methodological shortcomings in

current studies exist, and additional evidence of the impact of such
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interventions on patient outcomes is needed. In addition, significant barriers to
the implementation of patient safety education remain, but the evidence
appears to suggest maturation in the approach and infrastructure required to
support on-going delivery. Whilst this is encouraging, further work is needed
to successfully address the challenges and promote the sustainable

integration of education and training in patient safety.
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Table 1. Study characteristics, course structure and content

Lead Study type Participant number & Course structure Course content

author specialty

Reference

Year

Country

Aboumatar  Before and 120 third-year medical 3-day clinically oriented patient safety intersession using role- Medical error understanding and

41 after study students. Recruited from a play and simulation, skills demonstrations, small group exercises  prevention, teamwork and

2012 single institution. and case-based learning. communication, systems thinking.

USA

Ahmed Before and 1169 junior doctors across a Monthly 60-minute sessions led by junior doctors between Key patient safety concepts, root

0 after study region (16 institutions). January and July 2011. Sessions comprised case-based cause/systems-based analysis,

2014 discussion and analysis of patient safety incidents encountered communication and teamwork, incident

UK in practice, facilitated by trained faculty. reporting.

Anderson Before and 199 students including 58 final  1-day workshop involving DVD and small-group facilitated DVD of patient journey to focus on

18 after study year medical students discussion to analyse key safety issues using the National learning themes of situational

2009 learning in uni-professional Patient Safety Agency RCA tool. Supporting handbook awareness, communication, leadership

UK groups and 36 learning in containing additional relevant materials. Nine events held over 2 and empowerment. RCA.
inter-professional groups as years.
part of regional programme.

Arora Before and 27 surgical residents. 3-hour training program comprising lectures, video Patient safety overview, adverse

2 after study Recruited from across 19 demonstrations and small-group discussions. events, human factors, systems-based

2012 hospitals. analysis, communication and teamwork

UK in surgery.

Cox Before and Over 787 inter-professional 4-week curriculum comprising lectures, problem-based learning, Patient safety overview, root cause
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28

after study teams of medical, nursing, small-group work, simulation. Participants given cases describing analysis, QI overview, teamwork.
2009 health administration and a medical error. Team-based simulation of RCA and use of
USA respiratory therapy students. performance improvement tools. Presentation on completion.
Recruited from across 3 sites.
Cox Prospective 12 Faculty members and 46 3 hour-long faculty development session including videos, role- Faculty training included patient safety
3 cohort study Internal Medicine residents. play and mock facilitation sessions. Plus manual of key safety overview, RCA and teamwork.
2011 Recruited from a single education topics. Implementation of an alternative reporting
USA institution. system for anonymous narratives of 'care that did not go as
intended'. Monthly 'Safety Story' sessions of 4-6 residents with
faculty member to discuss contributing factors and propose
potential solutions.
Dudas Retrospective 108 medical students During course of 9-week clerkship, 25-minute online video on Systems-based analysis.
3 pre-post study  (second, third and fourth-year ~ systems-based analysis of medical errors. 60-minute large-group
2011 students as part of pediatric faculty demonstration of Learning From Defects tool.
USA clerkship). Recruited from a Subsequently self-directed small-group identification and
single institution. analysis of medication errors in practice. Group presentation at
closing 60-minute session.
Gupta Retrospective 26 neonatology fellows. Workshops, web-based modules, completion of a quality and Core patient safety concepts, Ql,
4 pre-post study  Recruited from a single safety project, presentation at departmental conference, human factors, communication and
2014 institution. participation in departmental morbidity and mortality conference. teamwork, error disclosure, incident
USA Optional selected readings and web-based modules. reporting, systems thinking.
Hall Before and 146 third year medical 2 mandatory 1 hour patient safety 'booster' conferences. First RCA including proposed system
32 after study students undertaking a conference involved RCA brainstorming exercise of an adverse modifications for improvement.
2010 and medicine clerkship. 65 in event. Assignment to identify and summarize an actual patient
USA comparison intervention group, 81 in safety event or concern. During second conference case

with historical

control group. Recruited from

presentation including proposed system modifications to improve

34
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1

2

3

4

5

6 — .

7 control a single institution. patient safety.

8 Holland Before and 26 PGY-3 internal medical 4-week rotation comprising web-based patient safety and Ql Patient safety overview, QI overview

9 42 after study residents. Recruited from a curriculum including interactive modules and self-directed including PDSA, medical error, RCA,
12 2010 single institution. reading and assignments. Completion of QI proposal and human factors engineering, safety

12 USA presentation at end of rotation. interventions.

13

14 Jansma Before and 33 specialty registrars (GP, 2-day course comprising plenaries, group discussions and role- Patient safety overview, human error,
ig = after study Anesthesiology, Dermatology, play. disclosure, medico-legal aspects of
17 2010 with 6-month Internal Medicine). Recruited critical incidents, RCA, tips and tools to
18 The follow-up from a single institution. improve safety in practice.

19 Netherlands

20

21

22 Jansma Prospective 71 residents (surgical and Multi-specialty 2-day patient safety course including plenaries Patient safety overview, human factors,
23 2 cohort study non-surgical). Recruited from and small-group sessions. At end of course participants asked to  teamwork, contribution to safer care
24 2010 5 hospitals. formulate one action point to improve patient safety. (including RCA), medico-legal aspects.
gg The

27 Netherlands

28

ég Jericho Before and Anesthesiology residents 90-minute interactive case-based lecture coupled with an Patient safety definitions, adverse event
31 3 after study (approximately 51 - number expectation of adverse event reporting. Supplemented with reporting, investigation/process

32 2010 not clearly stated). Recruited education manual. Quarterly conferences to discuss reports and  improvements, communication, and
33 USA from a single institution. near-immediate feedback from Department of Safety and Risk apology and remedy.

gg Management.

36 Jha Before and 263 junior doctors across a 3-hour teaching session. Intervention group: patients shared their  Error analysis. Teaching session

37 2 after study region (155 in intervention stories about their experience of safety incidents. Non- covered: prescribing, teamwork, and
38 2013 with control group, 108 in control group). intervention group: teaching delivered using “standard methods communication.
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UK group and of teaching”, including presentations and small group work.

follow-up
Leung Before and 130 third year medical Two 60-minute whole-class lectures using contemporary medical Based on WHO curriculum: Patient
% after study students. incidents as illustrative cases. safety overview, human factors,
2010 Recruited from a single systems thinking, team-working,
China institution. understanding and learning from error,

introduction to QI, medication safety.

Miller Before and 110 medical and allied health 1-hour introductory lecture discussing general patient safety and  Patient safety, Ql, teamwork,
7 after study students. Recruited from a QI topics followed by two courses (“Introduction to the Culture of ~ communication.
2014 single institution. Safety” and “Teamwork and Communication”) including group
USA discussions.
Myung Before and 156 second-year medical 1-week course composed of interactive lecture, discussion and Based on WHO curriculum: As for
% after study students. Recruited from a small-group debriefing. Leung et al above, plus RCA.
2012 single institution.
Republic of
Korea
Paxton Before and 51 surgical clerkship students  2-hour small-group discussion incorporating slide presentation. Patient safety overview, RCA,
3 after study including 46 medical and 5 epidemiology, error theory, error
2010 with control physician assistant students. disclosure, legal considerations.
USA group and Recruited from a single

follow-up institution.
Rodrigue Before and 42 residents and 36 faculty 5 online modules that residents and faculty members completed Performance improvement, Ql, patient
%0 after study members. Recruited from a together in pairs (duration of each module unreported). safety, teaching and learning.
2013 single institution.
USA

36
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Scott Prospective 680 residents across medical Economic incentive comprised retirement benefit of 1.5% of Presentation covered mechanics of
4 cohort study and surgical specialties. residents' annual salaries. Multifaceted educational campaign incident reporting, discussing barriers
2011 Recruited from a single including monthly email notifications, audience presentation at and dispelling myths.
USA institution. major conferences (exact frequency not stated) and one-on-one
discussion.

Shaw Randomized 371 interns across medical 2 interventions compared: Online Spaced Education (SE) Covered all nine 2009 National Patient
% controlled trial  and surgical specialties. programme consisting of cases and questions that reinforce over  Safety Goals (NPSGs) including
2012 Recruited from across 2 time and SQ programme comprising online slide-show followed handover, patient identification, hand
USA hospitals. by quiz. hygiene and medication safety.
Slater Before and 11 multi-professional teams 20-week 'TAPS' programme (Training and Action for Patient Human error, QI tools (process
19 after study comprising 55 health Safety). 2-hour online learning module; multi-professional mapping, fishbone diagrams,
2012 professionals (including 16 workshops to conduct QI project, executive group discussion for measurement for improvement).
UK junior doctors and 12 senior organisational learning.

doctors). Recruited from

across 5 sites.
Smith Prospective 280 Internal Medicine Monthly noontime QI conference (QIC). RCA of selected real-life = RCA and Ql.
% cohort study residents over 2 years. safety events (selected by seniors, analysed by residents not
2012 Recruited from a single associated with the case). Limited RCA with online resources
USA institution. and mentorship. Presentation to fellow residents and seniors.

Intervention proposed and followed through where possible.

Stahl Before and 110 third year medical Two-part patient safety curriculum: all students attend one-day Patient safety principles, crew resource
%8 after study students on surgical clerkship  lecture on introductory theories, video and small-group management, team skills, task
2011 with control (67 in intervention group, 43 in  discussion (first year). Intervention group attended additional 1.5- management and situational
USA group control group). Recruited from 2 hour clinically oriented classroom discussion, videos, awareness.

a single institution. simulation and role-play (third year).
Tess Retrospective 74 Internal Medicine Educational intervention coupled with reorganization of clinical Patient safety overview, Ql, RCA
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i pre-post study  residents. Recruited from a services to integrate patient safety and Ql into daily clinical
2009 single institution. practice. The educational intervention incorporated an online
USA module in year one, and a three-week rotation in Ql in year two.

Faculty-led workshops on RCA, performance improvement, and

the institutional approach to Ql.

Wilson Prospective 23 graduate level students Weekly 3-hour sessions held over 15-week period. Each session
® cohort study (including 7 medical students). comprised a presentation by a visiting expert, discussion on
2012 Recruited from a single assigned reading material and small-group patient safety project
USA institution. work.

Patient safety overview, human factors
analysis, systems-approach to error
analysis, crew resource management,

law and policy and team-building.

Abbreviations: QI = quality improvement; RCA = root cause analysis
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1

2

3 Table 2. Core features of the courses studied, and Kirkpatrick’s levels of evaluation
4

5 Characteristic Studies involving Studies involving All studies
6 students (n=11) trainees/residents (n=26) number
; (n=15) (%)
9 Educational modality

10

11 Small-group discussion/ workshop 8 6 14 (54)
ig Lecture 7 5 12 (46)
14 Multi-media (web, DVD) 3 7 10 (38)
15

16 Case-based learning 2 5 7 (27)
17

18 Project/ presentation requirement 2 4 6 (23)
;‘8 Simulation/ role-play 3 1 4 (15)
g;— Core content

23 Patient safety overview (includes 7 10 17 (65)
24 key terminology, emergence of

gg safety)

27 Root cause /systems-based 6 10 16 (62)
gg analysis

30 Communication and teamwork 6 7 13 (50)
31

32 Quality improvement 4 8 12 (46)
33

34 'Human factors’ 2 6 8 (31)
gg ‘Systems thinking’ 3 2 5(19)
37 Medication safety 2 2 4 (15)
38

39 Error disclosure 1 3 4 (15)
40 ) .

41 Incident reporting (methods, 0 3 3(12)
42 barriers)

43

44 Kirkpatrick’s level of evaluation

jg 1: Participation 7 12 19 (73)
47 2a: Attitudes / perceptions 9 11 20 (77)
48

49 2b: Knowledge / skills 7 7 14 (54)
50

51 3: Behavioral change 3 13 16 (62)
gg 4a: Organizational change 0 6 6 (23)
54 4b: Patient benefit 0 0 0
55

56

57

58

59

60 39
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Table 3. Study outcome measures and main findings
Lead author Outcome measures Main findings Level of
Reference evaluation
Year
Aboumatar Primary outcome measures: pre-post intervention High participant satisfaction — intersession quality rated as excellent or very good by 1, 2a, 2b, 3
4 safety knowledge (19-item bespoke test), self-efficacy 92%. Significant improvement in composite systems thinking scores (61.15 to 67.56,
2012 in safety skills (9-item bespoke survey), system-based p<0.001). Significant improvement in self-efficacy for all taught communication and
thinking (using validated system thinking scale, STS). safety skills (p<0.001). Significant improvement in safety knowledge scores pre-post
Secondary outcome measures: Post-intervention (64% vs. 83%, p<0.001). High self-reported safety behavioral intentions — 85%
student satisfaction and safety intentions (2-item reported they would speak up about safety concerns.
survey).
Ahmed Participants’ satisfaction post-course. Patient safety High participant satisfaction. Significant improvement in 2 of 4 safety attitudes 1, 2a, 2b,
2 knowledge (MCQs), skills (bespoke questionnaire) and  domains (ability to influence safety and behavioural intentions). Significant 3, 4a
2014 safety attitudes (modified validated questionnaire) pre- improvement in objective safety knowledge (51.1% to 57.6%, p<0.001). Trainees
post. Behavioral change via questionnaire and review reported significantly more patient safety incidents in the 6 months following
of ‘quality improvement databases’. introduction of the intervention (p<0.001). 32 QI projects in various stages of
implementation.
Anderson Multi-method evaluation. Pre-post questionnaire Majority (>50%) satisfied with course; however low scores on perceived preparation 1, 2a, 2b
18 assessing safety knowledge and perceptions of course  for the course. Post-course medical student concerns emerged as being unfounded
2009 (hopes, concerns and expectations). Additional post- and hopes and expectations in both the uni- and inter-professional groups were met.
course satisfaction questionnaire and focus groups. Focus group revealed consensus of added value in working inter-professionally.
Significant improvement in students’ knowledge whether working uni- or inter-
professionally (p=0.001).
Arora Participant satisfaction post-course. Patient safety High participant satisfaction — overall satisfaction mean 4.63/5. Significant 1,2a,2b, 3

2 knowledge (MCQs) and safety attitudes (modified

2012 validated questionnaire) pre-post. Safety event

improvement in 2 of 4 safety attitudes domains (attitudes to error analysis and

improving safety, and ability to influence safety). Significant improvement in
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identification and reporting 6-months post-course via

proforma.

objective safety knowledge (45.3% to 70.6%, p<0.01) and subjective safety
knowledge (p<0.01). Post-course, participants recorded a higher number of
observations associated with greater understanding, recognition and analysis of

patient safety issues.

Cox Professional group differences in attitudes and skills on  Significant professional group differences pre-intervention in all 6 sub-scales. Post- 2a, 2b
% 6 subscales (human fallibility, disclosure of medical intervention differences in four subscales were resolved with the exception of human
2009 errors, teamwork/ communication, event reporting, fallibility (p<0.001) and curricular time spent together (p<0.001). Medical students
systems of care, curricular time spent with other scored significantly worse on all subscales apart from human fallibility.
professionals). Assessed by bespoke survey pre-post
intervention.
Cox Satisfaction via simple survey. Qualitative analysis of High participant satisfaction - 85% rated it as a positive learning experience. 44% 1, 2a
3 narratives using constant comparative method. self-reported improvement in safety attitudes. High participant engagement — 78%
2011 residents submitted a story and 87% attended at least one safety session. 79
narratives submitted by residents over 3 months. Majority of stories involved errors
(86%).
Dudas Participant satisfaction. Patient safety attitudes High participant satisfaction — 76% recommended session continue. Significant 1, 2a
3 (modified items derived from Safety Attitudes improvements in patient safety attitudes pre-post in 9 of 10 items (p<0.01).
2011 Questionnaire).
Gupta Participant satisfaction post-course (survey). Self- High participant satisfaction. Experiential components were felt to be of most value. 1, 2b, 4a
3 assessment and knowledge assessment about quality Almost half (49%) of items in the knowledge assessment were answered correctly
2014 and safety principles pre-course using a bespoke tool. pre-intervention (but no post-intervention comparison data were reported). 75% of
participants had ongoing formal or informal roles in QI or patient safety within their
current practice environment following the course (specific time post-intervention
unreported by authors).
Hall Patient safety attitudes and self-reported safety skills At baseline no differences in any patient safety attitudes or safety skills between 2a, 2b
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32

(previously published tool). Comparison pre- and 1 year

intervention and control. At 1 year post-course, intervention group expressed

2010 post-intervention and with historical control. Analysis of  significantly higher comfort level in identifying the cause for an error post-

student-submitted reports compared with intervention (3.72 vs. 3.27, p<0.05). No significant difference in PSN worthy reports

contemporaneous reports from patient safety reporting or in blame tone between participants and PSN reporters. Significantly higher

system (PSN). robustness of proposed solutions by participants compared to PSN reporters (3 vs.

0, p<0.001).

Holland Curriculum evaluation. Objective knowledge assessed High satisfaction with curriculum (mean 3.53/4). Residents perceived significant 1, 2a, 2b,
42 via MCQs and true/false items pre and immediately improvements in knowledge, skills, abilities, beliefs and commitment to improve 3,4a
2010 post-course. Reflection on learning assessment at year- quality of care (all p<0.001). Significant improvement in knowledge (19.50 to 23.00,

end including knowledge, skills, abilities and beliefs p<0.05). 20 QI projects proposed, 50% at various stages of implementation.

items.
Jansma 11-item questionnaire exploring attitudes, intentions Attitudes towards incident reporting significantly improved (5 out of 6 vignettes), 2a, 3
B and behavior towards reporting incidents (using p<0.001. Intentions towards incident reporting significantly improved between
2010 vignettes and modified previously published tool). baseline and 6-month follow-up (p<0.05). No significant improvement in reporting

Assessed at baseline, immediately post-course and 6- behavior.

months post-course.
Jansma Satisfaction and patient safety behaviors (via semi- High participant satisfaction — mainly positive reaction by 67%. 91 action points 1,3
2 structured interview) 3-months post-intervention to formulated by 68 participants. 62 (90%) residents reported taking action at 3
2010 assess whether action implemented and the barriers months; 50 (55%) actions were carried out fully. Barriers to implementing actions

and promoters to action(s). mentioned more than twice as frequently as compared to promoters. Barriers mostly

related to work pressures and rotations.

Jericho Attitudes towards adverse event reporting assessed pre  Significant improvement in attitudes towards reporting (no p-value). Number of 2a,3
% and post-intervention using a bespoke questionnaire reports increased from 0 per quarter in the 2 years pre-intervention to 28 per quarter
2010 (12 months). Quarterly adverse event reports submitted  for the 7 quarters post-intervention, with no sign of decay.

by residents.
Jha Acceptability of the intervention by participants post- Response to patient involvement in teaching was largely positive. Mean attitude and 1, 2a, 2b, 3
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1

2

3

4

5

6

7 =2 intervention. Pre- and post-intervention administration knowledge scores on the APSQ increased post-intervention compared to pre-

8 2013 of the Attitudes to Patient Safety Questionnaire intervention (no p values reported). Response rate to 6-week follow up APSQ was

9 (APSQ), assessing attitudes and knowledge.52 Follow- poor (38%). Only six participants participated in follow-up in-depth interviews; three

12 up at six weeks: repeat APSQ, in-depth interviews, and  provided evidence of implementation of learning in practice.

12 an online survey about success in implementing

13 learning points.

14 Leung Patient safety attitudes and self-report knowledge Participants supportive of inclusion of patient safety in curriculum and in professional 2a, 2b

15 % (adapted previously published questionnaire) assessed  exams. Significant improvement in 8 of 15 items on patient safety attitudes.

16

17 2010 pre and 3-months post-course. Significant improvements in all 5 items on self-reported patient safety knowledge;

18 however mean scores still perceived as 'fair' or 'poor'.

19 Miller Post-intervention questions exploring perceptions of the  Overall positive feedback about the course content. 69% of medical students 1, 2a

32 7 intervention. Patient safety attitudes (16-item bespoke preferred taking the course individually (the remainder preferring a groupwork

22 2014 questionnaire) pre- and post-intervention. format). Significant improvement in all items of the survey (p<0.05) assessing

23 patient safety attitudes among medical students.

24 Myun Participant satisfaction (method not described). Patient ~ Student and faculty commented on repetition of some material and desire for more 1, 2a
yung p: y p

gg % safety awareness (40-item bespoke questionnaire) pre-  interactive educational methods. Significant improvement in patient safety

27 2012 post. awareness in 36 of 40 items (p<0.05).

28

29 Paxton Patient safety knowledge assessed via MCQ pre and Significant improvement in knowledge score at short-term (29.3% to 73.7 %, 2b, 3

30 y 9 p 9 p 9

31 s post course and again at between 1 to 12 months post-  p<0.001) and long-term follow-up (49.1%, p<0.001). 57.1% said they had applied

32 2010 course. Application of learning assessed on long-term the information learned in practice. No significant difference in knowledge found in

33 follow-up. Control group compared pre and 6 months control group.

gg post-course.

36 Rodrigue Perceptions of experience with faculty development Non-significant increase in number of residents that felt their training program 2a, 3

37 %0 opportunities, performance and QI tools and training provided tools and training in Ql. Post-intervention, residents reported a non-

38 2013 (bespoke survey). Resident participation in significant increase (12.1%) in participation in departmental/ institutional QI or safety

39
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performance improvement, QI and patient safety

projects, with faculty reporting a significant increase (38.2%, p=0.001).

programs.
Scott Satisfaction with reporting mechanism. Participant 83% felt the system was burdensome. Monthly average number of adverse events 1,2a,3
4 attitudes and motivation regarding reporting and reported by residents significantly increased by 5.5 times (6 (1.6%) to 33 (9%),
2011 intervention (bespoke survey). % of all adverse event p<0.001). Significant improvement in relative proportion of near-miss reports (0.3
reports submitted by residents via electronic reporting (6%) to 9 (27%), p<0.001). Main motivators for reporting were patient wellness
system. (87%) and financial incentive (64%).
Shaw Programme satisfaction using 7-item survey post- SE participants found cases authentic, engaging and memorable. Significantly 1,2a,2b,3
% intervention and focus group to explore experiences. higher proportion of SE interns responded positively to satisfaction and self-reported
2012 NPSG-knowledge improvement using MCQ test pre- confidence items (4 of 7 items, p<0.05). Both online programmes significantly
post intervention. NPSG-compliant behaviors in a improved knowledge (p<0.001). No significant difference in knowledge in control
simulation scenario. Self-reported confidence in safety group. Higher proportion of SE participants with improved NPSG-behaviors (mean
and quality (bespoke survey). 4.79/13 vs. 4.17/13 in SQ group; significant for surgical participants: 5.67 SE group
vs. 2.33 SQ group, p<0.05).
Slater Satisfaction questionnaire to evaluate online module High rates of satisfaction for workshops (mean score 4.1/5), less so for online 1, 2a, 2b,
19 and each workshop. Patient safety culture assessed module (3.3). No change in safety culture scores for most dimensions apart from 3, 4a
2012 using modified 'Hospital Survey on Patient Safety significant improvement in 'communication/ openness' (p<0.01). Improved multi-
Culture' pre-post course. Knowledge assessed using professional communication and teamwork reported via interview. Of the 5
MCQs pre-post. Project outcomes using run-charts. participants who completed pre-post knowledge test, all but 1 improved score. Eight
Interviews to explore experiences with TAPS. of 11 teams demonstrated improvements in patient safety practices/ outcomes via
run-charts.
Smith Satisfaction questionnaire to cohorts across the 2 High participant satisfaction — overall quality of QI conference mean 4.49/5. 46 1,3, 4a
% years. Qualitative analysis of cases presented, interventions suggested; attempt to initiate 25 (54%) and of these 18 (72%) deemed
2012 interventions proposed and success of follow-through. successful: 8 led to objective permanent system-wide change and 10 resulted in
subjective behavioral change.
Stahl Participant satisfaction. Participant knowledge pre-post  Significantly greater satisfaction in intervention vs. control group (75% vs. 54%, 1,2b, 3
44
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1

2

3

4

5

6

7 % (24-item questionnaire based on previous studies). p<0.05). Significantly greater improvement in patient safety knowledge in

8 2011 Participant behavior post-course (number of times intervention vs. control group (83% vs. 75%, p<0.001). Significantly greater
observed and intervened in a patient safety risk). proportion of intervention group self-reported intervening to avoid error compared to

9 b d and int d i tient safety risk) rti f int ti If ted int ing t id dt

12 control group (77% vs. 61%, p<0.05).

12 Tess Program evaluation, survey of participant attitudes High participant satisfaction including significant improvement in quantity of 1, 2a, 3, 4a

13 4 (bespoke survey), and participation in patient safety teaching, and overall value of clinical rotations post- intervention. Significant post-

14 2009 and QI work. intervention improvement in 6 of 12 questions addressing attitudes about culture of

15 safety and 3 of 11 items on residents’ perception of educational goals during the

16

17 residency program (all p<0.05). All participants completed an adverse event review.

18 Significant improvement in engagement with departmental QI meeting (>66% post-

19 intervention vs. 10%).

32 Wilson Course satisfaction. Evaluation based on class The attendance score for medical students was the lowest (8.59 out of 10). Peer 1

22 » participation (30%), peer evaluation (15%) and group evaluation of all students was high; medical students were the ‘low outlier’ in 8 of 10

23 2012 project paper and presentation (total 55%). categories. Students rated assigned reading material as extremely helpful. Learners’

24 perceived that analysing the case studies in multidisciplinary groups gave more

gg insight into understanding the problems and proposing solutions.

27

28 Abbreviations: MCQs = multiple choice questions; NPSG = National Patient Safety Goal; QI = quality improvement.

29

30

31

32

33

34

35

36

37

38

39

40

41

2 a5

44

45

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

47

48 6uAdod Ag parosioid 1senb Ag 20z ‘0z dy uo /wod g uadolwg//:dny woiy papeojumoq "STOZ ABIN 0Z U0 G0..L00-ST0Z-uadolwa/9eTT 0T s paysiignd 1s11y :uadO (NG

N
o]


http://bmjopen.bmj.com/

©CoOoO~NOUITA,WNPE

e
[Ny

U OO A DMBEADIAMDIMBAEDIAEMDIMNDMWOWWWWWWWWWWNDNNDNNNNNNNNRPRPRERPREREREPR
QOO NOUPRRWNRPOOO~NOUORRWNPRPOOONOUUOPRARWNRPFPOOONOODURAWNRPRPOOONOOOGMWN

BMJ Open

Table 4. Factors influencing implementation of patient safety courses

Factors

lllustrative quotes from published articles

Learner factors

Enhancing learner engagement

by ensuring clinical relevance

Empowering learners through

application of learning

Competing clinical / service

delivery commitments

Learning inter-professionally
improved teamwork and

communication

“The cases, exploring incidents that were largely based on events
that had in fact happened, were felt to be realistic and directly
applicable to the context of the interns.” %

“We believe that using authentic clinical scenarios brought forward
by trainees as opposed to hypothetical scenarios as in previous
studies ensured relevance to trainees and furthermore, stimulated

trainee engagement in QI work.” 2

“Our program challenges residents to apply their skills in systems-
based practice to a resident-driven, hospital-based project in an
effort to solidify their commitment to QI beyond the structured
rotation.” *

“Although all general surgical residents were invited, just more than
one half actually attended, citing scheduling conflicts and service
delivery pressures as reasons for not doing so.” 2

“The programme promoted better multi-professional communication

and teamwork.”

Faculty factors

Investment in faculty

development is essential

Faculty role-models and

importance of clinical credibility

Protected faculty time

“Successful implementation of this curriculum, however, requires
attention to faculty development. It took several years at our

institution to achieve this and some schools may not have similar

resources.” *'

“Faculty had clinical background and we feel that our students can

relate to them more readily.” %

“The residency program further invested in quality by naming both
an assistant and associate program director for quality amounting to
roughly 0.1 full-time equivalent spent working on the QICs and

subsequent project implementation.” %

“...the main barrier to faculty engagement....was competing clinical

commitments.” 2

46
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Curricular factors

Promoting patient safety as a

science

Competing curricular demands

Balance between didactic and

experiential learning

Balance between reinforcement
of learning and repetition of

teaching material

Central administrative support

necessary for sustainability

Creating inter-professional
learning opportunities is

challenging

“The topic of safety was approached as a ‘science’ with a defined
set of principles and theories, and supported with published
literature.” *'

“Whole-class lectures are by no means the best way to teach patient
safety but we find it the easiest format to integrate into a busy
curriculum.”
“Making the course mandatory would have been one way of
overcoming this but this would require curricular change at regional
level.” %'

“The students want to increase small-group discussions and

simulation sessions, which would be more effective than didactics.”
26

“The rapid decline in long-term post-test scores indicates
that...students would benefit from frequent reinforcement of the
application of this material.” ¥

“Only half of the students elected to view it (online video)...this may

be due to the perceived redundancy of the information presented.”
34

“We were able to arrange small-group sessions for the randomised,
decentralized project for three months, but a core educational

activity that includes all residents and is managed centrally would

be more sustainable.” *'

“It is complicated and time-intensive to plan and deliver meaningful

and satisfying inter-professional learning experiences.” 3

Learning environment factors

Institutional culture as key to

implementation

Ensuring a safe learning

environment

Forging improved links between

“It is important to focus not only on individual attitudes and
intentions, but also on a stimulating environment, including hospital

culture and patient safety policies.” =

“Several residents commented that they felt safe with the reporting

methodologies and follow-up.” >

“We believe that few of these reports of safety concerns would have

been brought forward without providing a structured forum for

discussion in a trusted and collegial environment.” 52

“To foster engagement and sustainability, we are now working to
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training programmes and more deliberately and consistently integrate patient safety
hospital improvement activities education with the hospitals’ systems improvements.” 31

“The chair of the department and the program director were very

supportive of this endeavour.” =

Financial support to fund the “VA hospital’s willingness to financially support 2 residents per
programme month in this intensive patient safety and quality improvement
rotation...Dedicated faculty rotation leaders supported by the VA

with protected time to teach and mentor residents.” 42
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Figure legends

Figure 1. Flow diagram illustrating our search strategy
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Title

Abstract

BMJ Open

Citations identified
using the search criteria

4027

Citations selected
based upon title screen

304

Manuscripts obtained
for detailed review
based upon abstract
screening

61

ing ing (n = 243)

Papers identified

Papers selected for
analysis based on full
text review

25

}

gh hand
journals and from
reference lists

1

Full text selection

Final papers included in
this systematic review

26

Excluded following full text review (n = 36)

Not empirical study (n = 8)
Participants not medical students/trainees (n = 4)
No explicit educational intervention (n = 7)
No evaluation performed (n = 1)
Safety as minor component of educational intervention (n = 3)
Intervention focused on technical or non-technical skills (n = 13)

Figure 1. Flow diagram illustrating our search strategy
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Appendix 1. Study eligibility criteria

Criterion

Definition

Rationale

Paper includes
sufficient empirical
data

Participants include
residents or medical
students

Study involves an
educational
intervention

Educational
intervention includes

‘patient safety’ as core

content

Study includes
evaluation of the
educational
intervention

It is not a review, commentary, letter or editorial.

It is not a conference abstract or short report without a full accompanying paper.
Study involves residents or medical students as participants.

Participants may include mixed group health care professionals involving residents
or medical students.

Study reports an educational intervention offered to participants.

It is NOT a study involving novel systems or strategies without an educational
intervention.

Intervention includes one or more of the following as core content: patient safety,
human factors, systems thinking, root cause analysis, medical error/adverse
events/patient safety incidents.

Itis NOT an intervention primarily aimed at developing specific safety-related skills
with/without inclusion of core concepts of patient safety e.g. team training, safe
prescribing training, handover training, error disclosure training.

Intervention is evaluated with regards to at least one of Kirkpatrick’s levels of
evaluation:

Level 1: Participation

Level 2a: Modification of attitudes/perceptions
Level 2b: Modification of knowledge/skills
Level 3: Behavioural change

Level 4a: Change in organizational practice
Level 4b: Benefits to patients

Itis NOT a purely descriptive study.

Empirical studies minimize the risk of biases that may occur
with other types of studies.

This ensures sufficient information for data extraction and
quality assessment.

Doctors and medical students are the target population for this
systematic review.

Explicit educational interventions are the focus of this
systematic review.

Educational interventions teaching core concepts of patient
safety are the focus of this systematic review

Specific skills-based educational interventions are outside the
scope of this review. Moreover, focussed systematic reviews
on these subjects have recently been undertaken. For
example: team training,36 prescribing training,53 handover
training,54 and error disclosure training.55

To enable comparative analysis of the effectiveness of
interventions wherever possible.
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Abstract

Objective: To systematically review the latest evidence for patient safety
education for physicians in training and medical students, updating, extending

and improving on a previous systematic review on this topic.

Design: A systematic review.

Data sources: Embase, Ovid MEDLINE, and PsycINFO databases.

Study selection: Studies including an evaluation of patient safety training
interventions delivered to trainees/residents and medical students published

between January 2009 and May 2014.

Data extraction: Performed using a structured data capture tool. Thematic
analysis also identified factors influencing successful implementation of

interventions.

Results: We identified 26 studies reporting patient safety interventions: 11
involving students and 15 involving trainees/residents. Common educational
content included a general overview of patient safety, root cause/systems-
based analysis, communication and teamwork skills, and quality improvement
principles and methodologies. The majority of courses were well received by
learners, and improved patient safety knowledge, skills and attitudes.
Moreover, some interventions were shown to result in positive behaviors,

notably subsequent engagement in quality improvement projects. No studies

2
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demonstrated patient benefit. Availability of expert faculty, competing
curricular/service demands and institutional culture were important factors

affecting implementation.

Conclusions: There is an increasing trend for developing educational
interventions in patient safety delivered to trainees/residents and medical
students. However, significant methodological shortcomings remain and
additional evidence of impact on patient outcomes is needed. Whilst there is
some evidence of enhanced efforts to promote sustainability of such
interventions, further work is needed to encourage their wider adoption and

spread.

3
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Ag pajoslold 1senb Ag 20z ‘0z IHdy uo /wod fwg-uadolway/:dny woiy pspeojumod "STOZ ABIA 02 U0 §0/.00-GT0Z-uadolwa/oeTT 0T se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Strengths and limitations of the study

This systematic review provides an update of the evidence on courses
teaching core concepts of patient safety to medical students and
trainees/residents.

The results confirm an increasing trend for developing educational
interventions in patient safety delivered to trainees/residents and
medical students.

However, we found that significant methodological shortcomings in
studies reporting such interventions remain and additional evidence of
impact on patient outcomes is needed.

Whilst there is some evidence of enhanced efforts to promote
sustainability of such interventions, further work is needed to
encourage their wider adoption and spread.

The main limitations of this systematic review relate to the quality of the
included studies and only including articles published in the English

language.
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INTRODUCTION

Educational interventions for quality and safety improvement have garnered
increasing interest over recent years. The importance of such interventions is
acknowledged by the development and integration of dedicated patient safety
and quality improvement curricula and frameworks into medical education at
all levels. For example, the Association of American Medical Colleges
(AAMC) endorses the introduction of formal quality improvement education
from medical school through to postgraduate training and continuing medical
education."? The Accreditation Council for Graduate Medical Education
(ACGME)® and CanMEDS*® competency frameworks incorporate essential
competencies relating to quality and safety for medical professionals. The
World Health Organization (WHO) has developed a Patient Safety Curriculum
Guide for Medical Schools® and, more recently, a multi-professional edition.”
Such curricula aim to guide and support educators in developing and

implementing educational programs in patient safety.

There has been a significant increase in the number of publications relating to
patient safety courses, particularly those aimed at residents. A systematic
review on teaching patient safety and quality improvement to medical
students and residents was published in 20108 identifying 41 studies
published between January 2000 and January 2009, of which 27 included an
evaluation of the described intervention. This review identified significant
methodological limitations in most studies, including low response rates,
single center recruitment, and small sample sizes (median = 41 participants

per study, interquartile range = 20-106).® Although most interventions were

5
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well-received by participants, and resulted in improvements in safety and
quality knowledge scores, few studies were able to demonstrate changes in
learners’ behavior or potential patient benefit.® The reviewed articles also
identified multiple barriers to sustainable integration of the courses, which

spanned learner, faculty and institutional factors.®

Patient safety education is a rapidly emerging field and it is likely that, in part
due to the recent development and implementation of patient safety curricula
and frameworks highlighted above, an increasing number of articles have
been published since this last systematic review, perhaps addressing some of
the above-identified methodological limitations of the older studies. The aim of
this study was thus to perform a focused systematic review of research
reporting courses that teach core concepts in patient safety and that target
medical students and junior physicians published since 1 January 2009. We
describe the educational content and teaching methods employed, evaluate
the learning outcomes achieved, and explore factors influencing

implementation of these patient safety courses.

METHODS

Data sources and search strategy

We pre-specified the methods utilized in this systematic review and present

them in accordance with PRISMA (Preferred Reporting ltems for Systematic
reviews and Meta-Analyses) guidelines.® A literature search was performed

using the electronic databases of Embase (1996 to 2014 Week 18), Ovid
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MEDLINE (1996 to April Week 5 2014), and PsycINFO (2002 to May Week 1
2014); although the focus of this systematic review was to identify papers
published since the last systematic review covering this topic, i.e. from
January 2009 onwards, we used a search strategy incorporating an earlier
start dates. This allowed us to perform an evaluation of the sensitivity of our
search strategy by ensuring five reference papers that we identified as highly

relevant studies before performing the literature review'® ™

were identified by
our search strategy. All five reference papers were identified, and thus we
were able to begin our search from the end of the data collection period of the

previous systematic review covering this topic.®

Our search strategy (Appendix 1) incorporated the two broad themes of
‘medical education’ and ‘patient safety’, and the content areas were combined
using the Boolean operator ‘and’; a pilot search revealed that ‘medical
education’ successfully encompassed both ‘education’ as the intervention and
‘medical students and/or trainees and/or residents’ as the population of
interest. Search terms were generated with the assistance of key words from
core reference texts'® and relevant articles,® and a combination of MeSH
terms and free text words (truncated wherever appropriate) were used to
maximize the sensitivity of the search. We limited the search to human
studies published in English language, and removed duplicates. Additional
articles were sought through hand searching of reference lists of included

studies.
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As our data comprised studies that were previously published and publicly

available, this study did not require ethical approval.

Eligibility criteria

We included articles that described and evaluated an educational intervention
that explicitly exposed medical students and/or trainees/residents to core
concepts of patient safety. Articles that included medical students and/or
trainees/residents in addition to other population groups were not excluded.
To be included, reviewed articles were required to have sufficient empirical
data for analysis (e.g. conference proceedings were excluded), the
educational intervention was required to include patient safety as core
content, and the study had to include an evaluation of the educational

intervention. Detailed eligibility criteria can be found in Appendix 2.

Article review process

Titles of the initial 4027 articles identified by the search strategy outlined
above were reviewed by an academic physician with expertise in patient
safety and medical education (MA). After excluding articles with titles that
were clearly irrelevant to the topic at hand, the remaining abstracts were
reviewed for inclusion independently by MA and a second physician with
expertise in medical education (MAK). Disagreements were resolved through
consensus, involving a third reviewer with expertise in patient safety and

medical education (NS) as necessary.
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Data extraction and quality assessment

Consistent with Best Evidence Medical Education (BEME)
recommendations, '® administrative data (including publication details and
country of origin), topic-related data (including details of the educational
intervention and number and type of participants) and research-related data
(including methodology and results) were extracted from the studies that were
identified as relevant. Factors influencing curricular implementation of the
intervention were categorized under four broad headings (learner factors,
faculty factors, curricular factors and learning environment factors) devised by
the authors of the previous systematic review on this topic.® Only factors that
were explicitly described by the authors of the papers included in this

systematic review were counted and categorized in this manner.

Assessing the quality of interventions is a well-documented challenge facing
systematic reviews of educational interventions.'” The BEME review protocol
recommends a system for assessing the quality of studies based on
grading,16 but as no specific guidance as to how to apply these grades is
provided, we assessed quality by extracting information on both stated and
perceived limitations of the study as assessed by study design, sample size,
completeness of data and overall coherence between study aims, methods

and conclusions.

Analysis
Given the anticipated heterogeneity in study designs and outcomes as per the
previous systematic review on this topic,8 quantitative synthesis of the data
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(i.e. meta-analysis) was not performed. Simple quantitative statistics were
used to report on educational content, methodologies used, study populations

and learning outcomes (where reported).

Studies were categorized by the learning outcomes reported by the authors,
using the modified version of Kirkpatrick’s levels of evaluation adopted by the
BEME collaboration as a grading standard for systematic reviews.'® This
assesses impact on learners’ satisfaction (level 1), changes in learners’
attitudes (level 2a), measures of learners’ knowledge and skills (level 2b),
change in learners’ behavior (level 3), changes to clinical
processes/organizational practice (level 4a), and benefits to patients (level
4b). Accordingly, the results of this systematic review are presented according

to the Kirkpatrick learning outcome assessed.

RESULTS

Selected articles

The initial yield of the review was 4027 articles retrieved by the search
strategy. The subsequent title screen of articles identified 304 potentially
relevant titles for the abstract review stage. Independent review of abstracts
against the eligibility criteria by two reviewers (MAK, MA) followed by
consensus resulted in 61 papers for review. The agreement between the
reviewers was excellent (kappa = 0.917, 95% confidence interval = 0.871 —
0.963). Review of the full text identified 25 papers that fully met the eligibility
criteria and were included. An additional eligible paper was identified from
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hand searching of relevant reference lists, resulting in 26 papers for analysis.

This process is summarized in Figure 1.

Characteristics of included studies and study settings

Table 1 summarizes the main characteristics of the included studies, including

study design, participant number and type, and course structure and content.
The majority of the 26 studies were conducted in the USA (n = 17, 65%). Of
the remaining studies, five (19%) came from the UK, '®?? two (8%) from the

23.24 one from China® and one from the Republic of Korea.?®

Netherlands,
Participants comprised trainees in fifteen (58%) studies (often resident or
specialty trainee/registrar grade), and medical students in the remainder. No
studies recruited both students and trainees/residents simultaneously.
Participants learned in interdisciplinary groups in six of the studies; four

involved students, 8272

another both junior and senior physicians,'® and
another both residents and faculty.*® One study involved senior physicians
(attending or consultant grade level) as participants as part of faculty

development activities, although their learning outcomes were not directly

assessed.’!

Characteristics of the courses

Features of the courses including the teaching modalities employed and the
core content covered are summarized in Table 2. The majority of courses
employed a mixture of didactic and experiential teaching methods. Small-

group discussions/workshops and lectures were commonly used approaches:
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n =14 (54%) and n = 12 (46%) of courses, respectively. Multimedia
approaches including web-based content, videos and/or DVDs were also
employed in ten studies (38%), mostly as an adjunct to other approaches and
less so as a central feature of the course. Case-based learning utilising real-
life examples of adverse events identified by either participants

203135 or presented by patients?® was used as a core feature in

themselves
seven (27%) courses. Project work (quality or safety improvement) was used
in six studies (23%) and role-play and simulation were used in only four
studies (15%). The latter is in contrast to studies of non-technical skills

training (such as team training), which typically rely on resource-intensive

simulation-based teaching modalities.*

The most common content of the courses included a general overview of
patient safety (including key terminology and the emergence of patient safety)
and root cause and/or systems-based analysis, featured in 17 (65%) and 16
(62%) studies, respectively. Communication and teamwork skills (both core
‘non-technical skills’) education was included in 13 (50%) studies, and quality
improvement principles and methodologies in 12 (46%) studies. ‘Human
factors (engineering)’ and ‘systems thinking’ were also covered in some
studies, although these phrases were typically ill-defined by authors. Other
less frequently covered content included medication safety, error disclosure,
and incident reporting methods and barriers. Only 3 studies (12%) explicitly
based their curricular content on the WHQO'’s Patient Safety Curriculum Guide
for Medical Schools; interestingly, all three were studies conducted outside of

the USA.?""%2% Of studies conducted in the USA, nine (53%) cited regulatory

12
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 56

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 IMdy uo /wod g uadolwq//:dny woij papeojumoq ‘GTOZ ABIN 0Z UO G0/ .00-GT0Z-uadolwag/9eTT 0T St paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

Page 13 of 56

©CoO~NOUITA,WNPE

BMJ Open

standards in education as the rationale to their work. This included reference
to the AAMC Medical Schools Objective Project report which recommends
that medical schools deliver patient safety education to undergraduates' and
the ACGME?® which lists common competencies in practice-based learning

and systems-based practice.

Study design and quality assessment

The majority of studies employed a before-and-after study design (n = 18,
69%); four of these included a control group: two involved a contemporaneous
control,?**" one a historical control,* and one a randomized
contemporaneous control group.®® Only three (12%) studies included
additional long-term follow-up, at six weeks,? 6 months,?® or ‘between 1 and
12 months’.*" Five (19%) studies involved a post-intervention evaluation only.
One study was a randomized controlled trial, however due to logistical
constraints, the control group did not undergo matched assessment of

behavioral outcome measures.®

The median sample size across studies was 109 participants (interquartile
range = 52-188), and one outlier study had 1169 participants;*® some studies
did not clearly indicate the exact number of participants. For example, one
study was described as involving ‘over 787’ participants pooled over several
years.?® The majority of studies were conducted within a single institution (n =

18, 69%). Other common methodological limitations included poor response

19,22,35,40,41 19,39

rates, inadequate description of the course, and/or inadequate
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reporting of results.?>%22%33 | imitations relating to the assessment tools

employed are described in the following section.

Study evaluation and main findings

Table 2 displays the levels of evaluation assessed across the studies
categorized by participant type (medical student or trainee/resident). Studies
involving students primarily focused on participant satisfaction, attitudes, and
knowledge/ skill acquisition, with lesser emphasis on behavioral change. In
contrast, nearly all (n = 13 of 15, 87%) studies involving trainees/residents
examined behavioral change as a learning outcome, with six (23%) studies
examining organisational impact through participant engagement in quality
improvement work.'9203%4244 None of the studies explored patient benefit

(level 4b) as a result of the course.

The outcome measures, main findings and level(s) of evaluation reported in
each study are displayed in Table 3. Assessment tools used and main
findings are discussed further under the respective Kirkpatrick’s level

headings below.

Level 1: Participation / satisfaction
This was assessed in nineteen (73%) studies. Satisfaction was mostly
assessed using questionnaires post-intervention requiring responses on a

Likert scale. Three studies supplemented satisfaction questionnaires with

18,39

either focus groups or interviews with participants.'® Satisfaction with the
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courses was generally high although response rates were poor in some
studies.??***! Two studies evaluating courses that included web-based
content reported poor uptake®* or lower satisfaction rates'® with the web-

based learning component.

Level 2a: Attitudes / perceptions
Patient safety attitudes/ perceptions were assessed using a variety of tools in
twenty (77%) studies. Bespoke questionnaires comprising items mapped to

course learning objectives were used in eleven studies.'8:26-28.30:31.33.39.40.42.44

2134 and a further four

Two studies used modified versions of validated tools
studies used modified versions of previously published
questionnaires.?%?32°32 One study used the previously published ‘Attitudes to
Patient Safety Questionnaire’.?? One study assessed systems-based thinking
using a validated scale (‘System Thinking Scale’, STS)*' and one study
assessed perceived patient safety culture using the modified ‘Hospital Survey
on Patient Safety Culture’.'® Of studies evaluating patient safety attitudes pre-
post intervention, the majority of studies reported significant improvement in at
least some domains. The study assessing systems-based thinking reported
significant improvement in STS scale scores post-intervention,*' whilst the

study evaluating perceived patient safety culture reported no change post-

intervention.™

Level 2b: Knowledge/ skill acquisition
Fourteen (54%) studies evaluated knowledge acquisition using objective

and/or self-report measures. Objective tests were used in twelve studies;'®
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223137394143 these comprised multiple choice or true/false questions mapped

to course learning objectives. One of these studies used knowledge questions
from the ‘Attitudes to Patient Safety Questionnaire’.?> Most studies
demonstrated significant improvements in knowledge acquisition, although in
one study a poor response rate precluded statistical testing,19 in another no
comparison between pre- and post-intervention scores was reported,43 and in

another increases in performance were observed post-intervention but no

statistical analyses were reported.??

Learners’ patient safety skills were assessed in seven (27%)

Studies’20,28,32,39,41 -43

all of which employed self-reported measures. Six of
these studies demonstrated significant improvement in scores for most or all
items, with the remaining study not reporting a comparison between pre- and

post-intervention scores.*?

Level 3: Behavioral change
Changes in safety-related behaviors were assessed in sixteen (62%) studies,

in a number of ways: behavioral intentions assessed via questionnaire;?>*!42

self-reported safety-related actions (e.g. incident reporting);'9:20:2224:30.37.38 ¢
by safety-related actions determined objectively.?%2!3335394044 Of these |atter
studies, objective assessment included qualitative assessment of patient
safety observations,?' National Patient Safety Goal (NPSG)-related behaviors
assessed via simulation,®® engagement in quality improvement work,2%-3%44

and incident reporting assessed via submissions to formal hospital reporting

systems.***° All studies reported favorable changes in safety-related
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behaviors, with the exception of one study, which found that whereas
learners’ intentions to report significantly improved post-course, actual (self-
reported) incident reporting did not increase following the course.? Notably,
all but three of the 16 studies that evaluated change in participant behavior

were conducted in trainees/residents as opposed to medical students.

Level 4a: Organizational change
Six (23%) studies evaluated organizational change as an outcome measure of
their course. Each of these studies involved learner engagement in quality

improvement work 20354244

and all these studies reported subsequent
positive impact at organizational level, including through the
initiation/continuation of quality improvement projects/roles.?*2*42#4 Three
quarters of participants in one study indicated they had a formal or informal
role in patient safety or quality improvement within their current practice
environment.*® The team-based ‘Training and Action for Patient Safety’
(TAPS) program found that 8 of the 11 interdisciplinary teams were able to

demonstrate improvements in patient safety outcomes and/or practices

through the use of weekly data plotted on run charts.'®

Factors influencing curricular implementation

Table 4 displays the key factors influencing curricular implementation that we
identified, with selected illustrative quotes and categorized under previously
designed framework headings.® In terms of learner factors, many studies
identified the need to ensure personal / clinical relevance of the material to
learners, with opportunities to apply the learning in order to enhance
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engagement (e.g. 2%9)

. For studies involving physicians, competing clinical
commitments was identified as a barrier to engagement.21 In studies
employing inter-professional modalities, improved teamwork and
communication was a welcome additional benefit of the course.'® However,
difficulties in delivering such inter-professional learning were highlighted.28
Most studies identified the need for adequate faculty, with protected time to
support delivery of the course and competing clinical commitments of faculty

t.2° Some commented on their now

being a barrier to faculty engagemen
maturity of the faculty infrastructure,*' whilst others aspired to broaden their
faculty infrastructure to ensure sustainability of the course.*? Faculty role-

modelling and clinical credibility were noted to be important influencing

factors.?®

Competing curricular demands was commonly cited as a barrier to
sustainability of the courses, with some suggesting instituting the course as a
mandatory requirement to ensure protected time for Iearning.21 Promoting
patient safety as a science was felt to be a key factor for successful
implementation by the authors of one study.41 The majority of studies
appreciated the need to strike a balance between didactic and experiential
teaching modalities and of the need for sufficient reinforcement whilst
avoiding repetition and duplication of material. The authors of one study
recognized that delivering a centrally-administered intervention to the whole
trainee population may ensure greater sustainability of the course than

delivering it to a sample of the cohort.*’
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In terms of institutional/learning environment factors, many studies recognized
the institutional patient safety culture as a key determinant of successful
implementation (e.g. %°). Ensuring a safe learning environment to allow open
discussion of sensitive material (e.g. relating to adverse events) was
recognized as being of particular importance when delivering education in
patient safety. Forging improved links between the service provider (hospital)
and the training providers was recognized as key to ensuring sustainability,
particularly for courses which aimed for engagement in quality improvement

work as a follow-on to the course.®®

Sustainability

Six (23%) studies identified in this review reported data from courses which
had been sustained over at least two years, 182927313543 tyo studies reported
‘booster’ courses designed to enhance/reinforce established safety
educational interventions delivered earlier in the course of training,***® and
one study described an educational intervention coupled with reorganization

of clinical services to facilitate quality and safety improvement efforts.**

DISCUSSION

This systematic review provides an update of the evidence on courses
teaching core concepts of patient safety to medical students and
trainees/residents. We identified 26 studies published between January 2009
and May 2014. This is in contrast to a previous systematic review addressing
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the same topic but with a wider remit and time period (January 2000 to
January 2009) that found 27 studies published incorporating evaluation of the
interventions.? This suggests that there is increasing interest in developing,

delivering and evaluating courses teaching patient safety.

In the previously published systematic review,? the interventions were mostly
well received by participants and resulted in improvements in safety and
quality knowledge scores. However, few studies were able to demonstrate
changes in learners’ behavior (Kirkpatrick’s level 3) or potential patient benefit
(level 4b). Moreover, thematic analysis of the articles identified multiple
barriers to sustainable integration of the courses, which spanned learner,
faculty and institutional factors. Our systematic review has also found the
included interventions to be mostly well received by participants, with
improvements in safety knowledge and attitudes. Whereas more studies in
our review were able to demonstrate positive changes in participant behavior
relative to the previous review, this was mainly for interventions targeted at
trainees/residents rather than medical students and most of these data on
participant behaviour were self-reported. None of our identified studies
demonstrated patient benefit (level 4b) from the interventions, although
measurement of changes in clinical outcomes following educational
interventions is notably difficult, in part due to the complexities in establishing

true cause and effect.

Assessment of organizational change (level 4a) resulting from the intervention

was also infrequent in our identified studies, particularly in those involving
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medical students. Furthermore, in the studies we reviewed, barriers to
sustainable integration of the courses also spanning learner, faculty and
institutional factors were identified. Such factors included poor learner
engagement, lack of expert faculty, competing educational priorities and an
unsupportive institutional culture. There is no clear relationship between the
length of the patient safety course and effect on learning outcomes, although
a meaningful analysis of this is confounded by differences in course content

and study design, quality, and reporting.

Despite increasing evidence for the efficacy of educational interventions in
patient safety, the wider implementation and adoption of successful
interventions has been slow.*>*® As a result, recommendations to promote
curricular integration of patient safety education aim to address the barriers
outlined above — for example, through investing in faculty development,
promoting patient safety as a science and integrating patient safety
competencies into accreditation standards and certification examinations, to

ensure protected time and incentives for medical engagement.*®4’

Like the earlier systematic review by Wong and colleagues,8 the maijority of
studies we identified in this systematic review were conducted in the US and
preferentially targeted residents over medical students. The dominance of US
studies in this systematic review may reflect the explicit integration of
competencies in patient safety and quality improvement within national
curricular statements and guidance.”?® The majority of studies we identified in

our review had small participant numbers, relied on single center recruitment,
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and were designed as before-and-after studies with no control group or follow-
up. Therefore, overall the methodological quality of studies of patient safety
interventions in medical students and trainees/residents has not changed
significantly between this systematic review and the previously published
one.® This is despite recent years being characterised by the development of

curricula and frameworks specifically targeting patient safety."?

Our systematic review does, however, provide some positive evidence of
developments in the literature. Many of the studies we identified used
previously published and/or validated assessment tools, demonstrating a
knowledge and appreciation of the emergent evidence base in patient safety
education. In line with good educational practice, the majority of studies
employed experiential learning modalities (such as group discussion and
project work), although one study relied solely on didactic lectures to facilitate
integration into a ‘busy curriculum’.?® Interestingly, case-based learning of
real-life adverse events was used in few studies, despite the recognized value
of reflecting and learning from error and adverse events*® and their popularity
among trainees.***° It is particularly encouraging to note that we found an
increase in studies explicitly commenting on sustainability of the described
interventions, and their integration into the wider institution, in comparison to
the previous systematic review.® This may reflect a trend to more

consideration of the longer-term sustainability of patient safety interventions.

In the previous systematic review,® the core content most commonly

comprised of root cause analysis, systems thinking, general patient safety
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concepts, and error-incident reporting (all identified in over 30% of courses).
In contrast, we found content to most commonly cover root cause/systems
based analysis, general patient safety concepts, communication and
teamwork, quality improvement, and human factors (all identified in 30% or
more of published courses). Importantly, there was a marked increase in the
proportion of studies covering general patient safety concepts between the
previous systematic review and this one, from 34% to 65%. Coverage of root
cause/system based analysis also increased from 41% to 62% of studies. In
addition, between the two systematic reviews there was a decrease in the
number of studies covering error/incident reporting, from 32% to 12% of
studies. This discrepancy between the two systematic reviews may reflect the
different search strategies used. However it may also relate to, for example,
the increasing recognition of the importance of communication and teamwork
in patient safety (e.g. °') and the importance of a foundation in basic patient
safety knowledge and concepts. Without sufficient studies with long-term
follow-up data on patient outcomes, it is difficult to ascertain the true
implications of these changes in core content. This is clearly an area for future

research.

The main limitations of this systematic review relate to the quality of the
included studies and the narrower focus when compared to the previous
systematic review. We only included manuscripts published in the English
language. We may have missed some relevant studies, although no
systematic review can truly claim to find all relevant studies. There was

significant heterogeneity across the studies in terms of number and type of
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participant targeted, the educational content of the course, the teaching
methods employed, assessment tools used and the outcomes measured,
which prevented a quantitative synthesis of the results. Moreover, the
identification of factors influencing implementation of the courses was wholly
dependent on the quality of reporting of such factors by the authors, many of
who did not stipulate identifying such factors as the primary aim of their study.
It may be that important barriers and enablers to the sustainable integration of
patient safety courses remain unreported, although it is important to note that
we identified similar barriers and enablers to those identified in the previous
systematic review.® In Box 1 we offer some recommendations for a minimum
description of content that could be used in future studies evaluating patient
safety courses. Adhering to these should improve study reporting and the
comparison of the relative effectiveness of patient safety training

interventions.

In addition to the need for future studies to address the above-described
limitations in the evidence base, the relationship between approaches to
teaching (including underpinning educational theory) and the different types of
learning outcomes should also be explored. So, too, should the relationship
between implementation approaches and the impact on sustainability of an
educational intervention. Such knowledge should optimize the quality of the
evidence base and facilitate the development of robust evidence-based
guidelines on factors that can improve outcomes at multiple levels following

educational interventions for patient safety.
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For those involved in medical education, there are recommendations aimed at
addressing barriers to the implementation of patient safety courses. These
can be classified into recommendations related to the learner, faculty,
curriculum and learning environment. Learner-relevant recommendations
include: ensure courses have personal and/or clinical relevance and offer the
opportunity to apply learning to enhance engagement; ensure freedom from
competing clinical/service delivery commitments; and make learning inter-
professional. Faculty recommendations include: invest in faculty development;
establish role models with clinical credibility; and ensure protected faculty time
to deliver the patient safety course free from other commitments. Curricular
recommendations include: promote patient safety as a science; avoid
competing curricular demands; ensure an adequate balance between didactic
and experiential learning and between reinforcement of learning and repetition
of teaching material; and adequate central administrative support to ensure
sustainability. Finally, recommendations for the learning environment include:
recognition of the institutional culture as key to implementation; ensure a safe
learning environment; foster links between training programmes and hospital
improvement activities; and adequate financial support to fund the

programme.

CONCLUSIONS

There is an increasing trend for the development of educational interventions

in patient safety delivered to trainees/residents and medical students. The
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majority of such courses are well accepted by learners, and improve patient
safety knowledge, skills and attitudes. Moreover, some interventions have
been shown to result in positive behaviors, particularly through the
subsequent engagement of trainees/residents in quality and safety
improvement projects. However, no studies in the current systematic review
demonstrated patient benefit. Significant methodological shortcomings in
current studies exist, and additional evidence of the impact of such
interventions on patient outcomes is needed. In addition, although the
evidence appears to suggest some maturation in the approach and
infrastructure required to support on-going delivery, significant barriers to the
implementation of patient safety education remain. Further work is needed to
successfully address the challenges and promote the sustainable integration

of education and training in patient safety.
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Table 1. Study characteristics, course structure and content

Page 34 of 56

Lead Study type Participant number & Course structure Course content

author specialty

Reference

Year

Country

Aboumatar  Before and 120 third-year medical 3-day clinically oriented patient safety intersession using role- Medical error understanding and

41 after study students. Recruited from a play and simulation, skills demonstrations, small group exercises  prevention, teamwork and

2012 single institution. and case-based learning. communication, systems thinking.

USA

Ahmed Before and 1169 junior physicians across ~ Monthly 60-minute sessions led by junior physicians between Key patient safety concepts, root

0 after study a region (16 institutions). January and July 2011. Sessions comprised case-based cause/systems-based analysis,

2014 discussion and analysis of patient safety incidents encountered communication and teamwork, incident

UK in practice, facilitated by trained faculty. reporting.

Anderson Before and 199 students including 58 final  1-day workshop involving DVD and small-group facilitated DVD of patient journey to focus on

18 after study year medical students discussion to analyse key safety issues using the National learning themes of situational

2009 learning in uni-professional Patient Safety Agency RCA tool. Supporting handbook awareness, communication, leadership

UK groups and 36 learning in containing additional relevant materials. Nine events held over 2 and empowerment. RCA.
inter-professional groups as years.
part of regional programme.

Arora Before and 27 surgical residents. 3-hour training program comprising lectures, video Patient safety overview, adverse

2 after study Recruited from across 19 demonstrations and small-group discussions. events, human factors, systems-based

2012 hospitals. analysis, communication and teamwork

UK in surgery.

Cox Before and Over 787 inter-professional 4-week curriculum comprising lectures, problem-based learning, Patient safety overview, root cause
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28

after study teams of medical, nursing, small-group work, simulation. Participants given cases describing analysis, QI overview, teamwork.
2009 health administration and a medical error. Team-based simulation of RCA and use of
USA respiratory therapy students. performance improvement tools. Presentation on completion.
Recruited from across 3 sites.
Cox Prospective 12 Faculty members and 46 3 hour-long faculty development session including videos, role- Faculty training included patient safety
3 cohort study Internal Medicine residents. play and mock facilitation sessions. Plus manual of key safety overview, RCA and teamwork.
2011 Recruited from a single education topics. Implementation of an alternative reporting
USA institution. system for anonymous narratives of 'care that did not go as
intended'. Monthly 'Safety Story' sessions of 4-6 residents with
faculty member to discuss contributing factors and propose
potential solutions.
Dudas Retrospective 108 medical students During course of 9-week clerkship, 25-minute online video on Systems-based analysis.
3 pre-post study  (second, third and fourth-year ~ systems-based analysis of medical errors. 60-minute large-group
2011 students as part of pediatric faculty demonstration of Learning From Defects tool.
USA clerkship). Recruited from a Subsequently self-directed small-group identification and
single institution. analysis of medication errors in practice. Group presentation at
closing 60-minute session.
Gupta Retrospective 26 neonatology fellows. Workshops, web-based modules, completion of a quality and Core patient safety concepts, Ql,
4 pre-post study  Recruited from a single safety project, presentation at departmental conference, human factors, communication and
2014 institution. participation in departmental morbidity and mortality conference. teamwork, error disclosure, incident
USA Optional selected readings and web-based modules. reporting, systems thinking.
Hall Before and 146 third year medical 2 mandatory 1 hour patient safety 'booster' conferences. First RCA including proposed system
32 after study students undertaking a conference involved RCA brainstorming exercise of an adverse modifications for improvement.
2010 and medicine clerkship. 65 in event. Assignment to identify and summarize an actual patient
USA comparison intervention group, 81 in safety event or concern. During second conference case

with historical

control group. Recruited from

presentation including proposed system modifications to improve
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control a single institution. patient safety.
Holland Before and 26 PGY-3 internal medical 4-week rotation comprising web-based patient safety and Ql Patient safety overview, QI overview
42 after study residents. Recruited from a curriculum including interactive modules and self-directed including PDSA, medical error, RCA,
2010 single institution. reading and assignments. Completion of QI proposal and human factors engineering, safety
USA presentation at end of rotation. interventions.
Jansma Before and 33 specialty registrars (GP, 2-day course comprising plenaries, group discussions and role- Patient safety overview, human error,
= after study Anesthesiology, Dermatology, play. disclosure, medico-legal aspects of
2010 with 6-month Internal Medicine). Recruited critical incidents, RCA, tips and tools to
The follow-up from a single institution. improve safety in practice.

Netherlands

Jansma Prospective
2 cohort study
2010

The

Netherlands

71 residents (surgical and
non-surgical). Recruited from

5 hospitals.

Multi-specialty 2-day patient safety course including plenaries
and small-group sessions. At end of course participants asked to

formulate one action point to improve patient safety.

Patient safety overview, human factors,
teamwork, contribution to safer care

(including RCA), medico-legal aspects.

Jericho Before and Anesthesiology residents 90-minute interactive case-based lecture coupled with an Patient safety definitions, adverse event
3 after study (approximately 51 - number expectation of adverse event reporting. Supplemented with reporting, investigation/process
2010 not clearly stated). Recruited education manual. Quarterly conferences to discuss reports and  improvements, communication, and
USA from a single institution. near-immediate feedback from Department of Safety and Risk apology and remedy.

Management.
Jha Before and 263 junior physicians across a  3-hour teaching session. Intervention group: patients shared their  Error analysis. Teaching session
2 after study region (155 in intervention stories about their experience of safety incidents. Non- covered: prescribing, teamwork, and
2013 with control group, 108 in control group). intervention group: teaching delivered using “standard methods communication.
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UK group and of teaching”, including presentations and small group work.

follow-up
Leung Before and 130 third year medical Two 60-minute whole-class lectures using contemporary medical Based on WHO curriculum: Patient
% after study students. incidents as illustrative cases. safety overview, human factors,
2010 Recruited from a single systems thinking, team-working,
China institution. understanding and learning from error,

introduction to QI, medication safety.

Miller Before and 110 medical and allied health 1-hour introductory lecture discussing general patient safety and  Patient safety, Ql, teamwork,
7 after study students. Recruited from a QI topics followed by two courses (“Introduction to the Culture of ~ communication.
2014 single institution. Safety” and “Teamwork and Communication”) including group
USA discussions.
Myung Before and 156 second-year medical 1-week course composed of interactive lecture, discussion and Based on WHO curriculum: As for
% after study students. Recruited from a small-group debriefing. Leung et al above, plus RCA.
2012 single institution.
Republic of
Korea
Paxton Before and 51 surgical clerkship students  2-hour small-group discussion incorporating slide presentation. Patient safety overview, RCA,
3 after study including 46 medical and 5 epidemiology, error theory, error
2010 with control physician assistant students. disclosure, legal considerations.
USA group and Recruited from a single

follow-up institution.
Rodrigue Before and 42 residents and 36 faculty 5 online modules that residents and faculty members completed Performance improvement, Ql, patient
%0 after study members. Recruited from a together in pairs (duration of each module unreported). safety, teaching and learning.
2013 single institution.
USA
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Scott Prospective 680 residents across medical Economic incentive comprised retirement benefit of 1.5% of Presentation covered mechanics of
4 cohort study and surgical specialties. residents' annual salaries. Multifaceted educational campaign incident reporting, discussing barriers
2011 Recruited from a single including monthly email notifications, audience presentation at and dispelling myths.
USA institution. major conferences (exact frequency not stated) and one-on-one
discussion.

Shaw Randomized 371 interns across medical 2 interventions compared: Online Spaced Education (SE) Covered all nine 2009 National Patient
% controlled trial  and surgical specialties. programme consisting of cases and questions that reinforce over  Safety Goals (NPSGs) including
2012 Recruited from across 2 time and SQ programme comprising online slide-show followed handover, patient identification, hand
USA hospitals. by quiz. hygiene and medication safety.
Slater Before and 11 multi-professional teams 20-week 'TAPS' programme (Training and Action for Patient Human error, QI tools (process
19 after study comprising 55 health Safety). 2-hour online learning module; multi-professional mapping, fishbone diagrams,
2012 professionals (including 16 workshops to conduct QI project, executive group discussion for measurement for improvement).
UK junior physicians and 12 organisational learning.

senior physicians). Recruited

from across 5 sites.
Smith Prospective 280 Internal Medicine Monthly noontime QI conference (QIC). RCA of selected real-life = RCA and Ql.
% cohort study residents over 2 years. safety events (selected by seniors, analysed by residents not
2012 Recruited from a single associated with the case). Limited RCA with online resources
USA institution. and mentorship. Presentation to fellow residents and seniors.

Intervention proposed and followed through where possible.

Stahl Before and 110 third year medical Two-part patient safety curriculum: all students attend one-day Patient safety principles, crew resource
%8 after study students on surgical clerkship  lecture on introductory theories, video and small-group management, team skills, task
2011 with control (67 in intervention group, 43 in  discussion (first year). Intervention group attended additional 1.5- management and situational
USA group control group). Recruited from 2 hour clinically oriented classroom discussion, videos, awareness.

a single institution. simulation and role-play (third year).
Tess Retrospective 74 Internal Medicine Educational intervention coupled with reorganization of clinical Patient safety overview, Ql, RCA

38
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i pre-post study  residents. Recruited from a services to integrate patient safety and Ql into daily clinical

2009 single institution. practice. The educational intervention incorporated an online

©CoO~NOUTA,WNPE

USA module in year one, and a three-week rotation in Ql in year two.

=
o

Faculty-led workshops on RCA, performance improvement, and

[
-

the institutional approach to Ql.

Wilson Prospective 23 graduate level students Weekly 3-hour sessions held over 15-week period. Each session  Patient safety overview, human factors
29

B e
AWN

cohort study (including 7 medical students). comprised a presentation by a visiting expert, discussion on analysis, systems-approach to error

[
(&)

2012 Recruited from a single assigned reading material and small-group patient safety project  analysis, crew resource management,

=
()]

USA institution. work. law and policy and team-building.

[E
\l

2
© ©

Abbreviations: QI = quality improvement; RCA = root cause analysis
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Table 2. Core features of the courses studied, and Kirkpatrick’s levels of evaluation

Characteristic Studies involving Studies involving All studies
students (n=11) trainees/residents (n=26) number
(n=15) (%)
Educational modality
Small-group discussion/ workshop 8 6 14 (54)
Lecture 7 5 12 (46)
Multi-media (web, DVD) 3 7 10 (38)
Case-based learning 2 5 7(27)
Project/ presentation requirement 2 4 6 (23)
Simulation/ role-play 3 1 4 (15)
Core content
Patient safety overview (includes 7 10 17 (65)
key terminology, emergence of
safety)
Root cause /systems-based 6 10 16 (62)
analysis
Communication and teamwork 6 7 13 (50)
Quality improvement 4 8 12 (46)
'Human factors’ 2 6 8 (31)
‘Systems thinking’ 3 2 5(19)
Medication safety 2 2 4 (15)
Error disclosure 1 3 4 (15)
Incident reporting (methods, 0 3 3(12)
barriers)
Kirkpatrick’s level of evaluation
1: Participation 7 12 19 (73)
2a: Attitudes / perceptions 9 11 20 (77)
2b: Knowledge / skills 7 7 14 (54)
3: Behavioral change 3 13 16 (62)
4a: Organizational change 0 6 6 (23)
4b: Patient benefit 0 0 0
40
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1
2
3
4
5
6 s
7 Table 3. Study outcome measures and main findings
g Lead author Outcome measures Main findings Level of
10 Reference evaluation
11 Year
12 Aboumatar Primary outcome measures: pre-post intervention High participant satisfaction — intersession quality rated as excellent or very good by 1, 2a, 2b, 3
ii 4 safety knowledge (19-item bespoke test), self-efficacy 92%. Significant improvement in composite systems thinking scores (61.15 to 67.56,
15 2012 in safety skills (9-item bespoke survey), system-based p<0.001). Significant improvement in self-efficacy for all taught communication and
16 thinking (using validated system thinking scale, STS). safety skills (p<0.001). Significant improvement in safety knowledge scores pre-post
17 Secondary outcome measures: Post-intervention (64% vs. 83%, p<0.001). High self-reported safety behavioral intentions — 85%
ig student satisfaction and safety intentions (2-item reported they would speak up about safety concerns.
20 survey).
me articipants’ satisfaction post-course. Patient safety igh participant satisfaction. Significant improvement in 2 of 4 safety attitudes , 2a, 2b,
21 Ahmed Partici ’ satisfacti Pati f High ici isfaction. Signifi i in 2 of 4 safi itud 1, 2a, 2b
2:23 2 knowledge (MCQs), skills (bespoke questionnaire) and  domains (ability to influence safety and behavioural intentions). Significant 3, 4a
24 2014 safety attitudes (modified validated questionnaire) pre- improvement in objective safety knowledge (51.1% to 57.6%, p<0.001). Trainees
25 post. Behavioral change via questionnaire and review reported significantly more patient safety incidents in the 6 months following
26 of ‘quality improvement databases’. introduction of the intervention (p<0.001). 32 QI projects in various stages of
gg implementation.
29 Anderson Multi-method evaluation. Pre-post questionnaire Majority (>50%) satisfied with course; however low scores on perceived preparation 1, 2a, 2b
30 18 assessing safety knowledge and perceptions of course  for the course. Post-course medical student concerns emerged as being unfounded
31 2009 (hopes, concerns and expectations). Additional post- and hopes and expectations in both the uni- and inter-professional groups were met.
gé course satisfaction questionnaire and focus groups. Focus group revealed consensus of added value in working inter-professionally.
34 Significant improvement in students’ knowledge whether working uni- or inter-
35 professionally (p=0.001).
36 Arora Participant satisfaction post-course. Patient safety High participant satisfaction — overall satisfaction mean 4.63/5. Significant 1,2a,2b, 3
g; 2 knowledge (MCQs) and safety attitudes (modified improvement in 2 of 4 safety attitudes domains (attitudes to error analysis and
39 2012 validated questionnaire) pre-post. Safety event improving safety, and ability to influence safety). Significant improvement in
40
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identification and reporting 6-months post-course via

proforma.

objective safety knowledge (45.3% to 70.6%, p<0.01) and subjective safety
knowledge (p<0.01). Post-course, participants recorded a higher number of
observations associated with greater understanding, recognition and analysis of

patient safety issues.

Cox Professional group differences in attitudes and skills on  Significant professional group differences pre-intervention in all 6 sub-scales. Post- 2a, 2b
% 6 subscales (human fallibility, disclosure of medical intervention differences in four subscales were resolved with the exception of human
2009 errors, teamwork/ communication, event reporting, fallibility (p<0.001) and curricular time spent together (p<0.001). Medical students
systems of care, curricular time spent with other scored significantly worse on all subscales apart from human fallibility.
professionals). Assessed by bespoke survey pre-post
intervention.
Cox Satisfaction via simple survey. Qualitative analysis of High participant satisfaction - 85% rated it as a positive learning experience. 44% 1, 2a
3 narratives using constant comparative method. self-reported improvement in safety attitudes. High participant engagement — 78%
2011 residents submitted a story and 87% attended at least one safety session. 79
narratives submitted by residents over 3 months. Majority of stories involved errors
(86%).
Dudas Participant satisfaction. Patient safety attitudes High participant satisfaction — 76% recommended session continue. Significant 1, 2a
3 (modified items derived from Safety Attitudes improvements in patient safety attitudes pre-post in 9 of 10 items (p<0.01).
2011 Questionnaire).
Gupta Participant satisfaction post-course (survey). Self- High participant satisfaction. Experiential components were felt to be of most value. 1, 2b, 4a
3 assessment and knowledge assessment about quality Almost half (49%) of items in the knowledge assessment were answered correctly
2014 and safety principles pre-course using a bespoke tool. pre-intervention (but no post-intervention comparison data were reported). 75% of
participants had ongoing formal or informal roles in QI or patient safety within their
current practice environment following the course (specific time post-intervention
unreported by authors).
Hall Patient safety attitudes and self-reported safety skills At baseline no differences in any patient safety attitudes or safety skills between 2a, 2b
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1
2
3
4
5
6
7 % (previously published tool). Comparison pre- and 1 year intervention and control. At 1 year post-course, intervention group expressed
8 2010 post-intervention and with historical control. Analysis of  significantly higher comfort level in identifying the cause for an error post-
9 student-submitted reports compared with intervention (3.72 vs. 3.27, p<0.05). No significant difference in PSN worthy reports
12 contemporaneous reports from patient safety reporting or in blame tone between participants and PSN reporters. Significantly higher
12 system (PSN). robustness of proposed solutions by participants compared to PSN reporters (3 vs.
13 0, p<0.001).
14 Holland Curriculum evaluation. Objective knowledge assessed High satisfaction with curriculum (mean 3.53/4). Residents perceived significant 1, 2a, 2b,
ig 42 via MCQs and true/false items pre and immediately improvements in knowledge, skills, abilities, beliefs and commitment to improve 3,4a
17 2010 post-course. Reflection on learning assessment at year- quality of care (all p<0.001). Significant improvement in knowledge (19.50 to 23.00,
18 end including knowledge, skills, abilities and beliefs p<0.05). 20 QI projects proposed, 50% at various stages of implementation.
19 items.
32 Jansma 11-item questionnaire exploring attitudes, intentions Attitudes towards incident reporting significantly improved (5 out of 6 vignettes), 2a, 3
22 B and behavior towards reporting incidents (using p<0.001. Intentions towards incident reporting significantly improved between
23 2010 vignettes and modified previously published tool). baseline and 6-month follow-up (p<0.05). No significant improvement in reporting
24 Assessed at baseline, immediately post-course and 6- behavior.
gg months post-course.
27 Jansma Satisfaction and patient safety behaviors (via semi- High participant satisfaction — mainly positive reaction by 67%. 91 action points 1,3
28 2 structured interview) 3-months post-intervention to formulated by 68 participants. 62 (90%) residents reported taking action at 3
29 2010 assess whether action implemented and the barriers months; 50 (55%) actions were carried out fully. Barriers to implementing actions
32 and promoters to action(s). mentioned more than twice as frequently as compared to promoters. Barriers mostly
32 related to work pressures and rotations.
33 Jericho Attitudes towards adverse event reporting assessed pre  Significant improvement in attitudes towards reporting (no p-value). Number of 2a, 3
gg % and post-intervention using a bespoke questionnaire reports increased from 0 per quarter in the 2 years pre-intervention to 28 per quarter
36 2010 (12 months). Quarterly adverse event reports submitted  for the 7 quarters post-intervention, with no sign of decay.
37 by residents.
38 Jha Acceptability of the intervention by participants post- Response to patient involvement in teaching was largely positive. Mean attitude and 1, 2a, 2b, 3
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2Z

intervention. Pre- and post-intervention administration

knowledge scores on the APSQ increased post-intervention compared to pre-

2013 of the Attitudes to Patient Safety Questionnaire intervention (no p values reported). Response rate to 6-week follow up APSQ was

(APSQ), assessing attitudes and knowledge.52 Follow- poor (38%). Only six participants participated in follow-up in-depth interviews; three

up at six weeks: repeat APSQ, in-depth interviews, and  provided evidence of implementation of learning in practice.

an online survey about success in implementing

learning points.
Leung Patient safety attitudes and self-report knowledge Participants supportive of inclusion of patient safety in curriculum and in professional 2a, 2b
% (adapted previously published questionnaire) assessed  exams. Significant improvement in 8 of 15 items on patient safety attitudes.
2010 pre and 3-months post-course. Significant improvements in all 5 items on self-reported patient safety knowledge;

however mean scores still perceived as 'fair' or 'poor'.
Miller Post-intervention questions exploring perceptions of the  Overall positive feedback about the course content. 69% of medical students 1, 2a
7 intervention. Patient safety attitudes (16-item bespoke preferred taking the course individually (the remainder preferring a groupwork
2014 questionnaire) pre- and post-intervention. format). Significant improvement in all items of the survey (p<0.05) assessing
patient safety attitudes among medical students.

Myung Participant satisfaction (method not described). Patient ~ Student and faculty commented on repetition of some material and desire for more 1, 2a
% safety awareness (40-item bespoke questionnaire) pre-  interactive educational methods. Significant improvement in patient safety
2012 post. awareness in 36 of 40 items (p<0.05).
Paxton Patient safety knowledge assessed via MCQ pre and Significant improvement in knowledge score at short-term (29.3% to 73.7 %, 2b, 3
s post course and again at between 1 to 12 months post-  p<0.001) and long-term follow-up (49.1%, p<0.001). 57.1% said they had applied
2010 course. Application of learning assessed on long-term the information learned in practice. No significant difference in knowledge found in

follow-up. Control group compared pre and 6 months control group.

post-course.
Rodrigue Perceptions of experience with faculty development Non-significant increase in number of residents that felt their training program 2a, 3
%0 opportunities, performance and QI tools and training provided tools and training in Ql. Post-intervention, residents reported a non-
2013 (bespoke survey). Resident participation in significant increase (12.1%) in participation in departmental/ institutional QI or safety
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1

2

3

4

5

6

7 performance improvement, QI and patient safety projects, with faculty reporting a significant increase (38.2%, p=0.001).

8 programs.

9 Scott Satisfaction with reporting mechanism. Participant 83% felt the system was burdensome. Monthly average number of adverse events 1,2a,3
12 4 attitudes and motivation regarding reporting and reported by residents significantly increased by 5.5 times (6 (1.6%) to 33 (9%),

12 2011 intervention (bespoke survey). % of all adverse event p<0.001). Significant improvement in relative proportion of near-miss reports (0.3

13 reports submitted by residents via electronic reporting (6%) to 9 (27%), p<0.001). Main motivators for reporting were patient wellness

14 system. (87%) and financial incentive (64%).

ig Shaw Programme satisfaction using 7-item survey post- SE participants found cases authentic, engaging and memorable. Significantly 1,2a,2b,3
17 % intervention and focus group to explore experiences. higher proportion of SE interns responded positively to satisfaction and self-reported

18 2012 NPSG-knowledge improvement using MCQ test pre- confidence items (4 of 7 items, p<0.05). Both online programmes significantly

19 post intervention. NPSG-compliant behaviors in a improved knowledge (p<0.001). No significant difference in knowledge in control

32 simulation scenario. Self-reported confidence in safety group. Higher proportion of SE participants with improved NPSG-behaviors (mean

22 and quality (bespoke survey). 4.79/13 vs. 4.17/13 in SQ group; significant for surgical participants: 5.67 SE group

23 vs. 2.33 SQ group, p<0.05).

24 Slater Satisfaction questionnaire to evaluate online module High rates of satisfaction for workshops (mean score 4.1/5), less so for online 1, 2a, 2b,
gg 19 and each workshop. Patient safety culture assessed module (3.3). No change in safety culture scores for most dimensions apart from 3, 4a
27 2012 using modified 'Hospital Survey on Patient Safety significant improvement in 'communication/ openness' (p<0.01). Improved multi-

28 Culture' pre-post course. Knowledge assessed using professional communication and teamwork reported via interview. Of the 5

29 MCQs pre-post. Project outcomes using run-charts. participants who completed pre-post knowledge test, all but 1 improved score. Eight

32 Interviews to explore experiences with TAPS. of 11 teams demonstrated improvements in patient safety practices/ outcomes via

32 run-charts.

33 Smith Satisfaction questionnaire to cohorts across the 2 High participant satisfaction — overall quality of QI conference mean 4.49/5. 46 1,3, 4a
gg % years. Qualitative analysis of cases presented, interventions suggested; attempt to initiate 25 (54%) and of these 18 (72%) deemed

36 2012 interventions proposed and success of follow-through. successful: 8 led to objective permanent system-wide change and 10 resulted in

37 subjective behavioral change.

38 Stahl Participant satisfaction. Participant knowledge pre-post  Significantly greater satisfaction in intervention vs. control group (75% vs. 54%, 1,2b, 3
39

40

41
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% (24-item questionnaire based on previous studies).

2011 Participant behavior post-course (number of times

observed and intervened in a patient safety risk).

p<0.05). Significantly greater improvement in patient safety knowledge in
intervention vs. control group (83% vs. 75%, p<0.001). Significantly greater
proportion of intervention group self-reported intervening to avoid error compared to
control group (77% vs. 61%, p<0.05).

Tess Program evaluation, survey of participant attitudes High participant satisfaction including significant improvement in quantity of 1, 2a, 3, 4a
4 (bespoke survey), and participation in patient safety teaching, and overall value of clinical rotations post- intervention. Significant post-
2009 and QI work. intervention improvement in 6 of 12 questions addressing attitudes about culture of
safety and 3 of 11 items on residents’ perception of educational goals during the
residency program (all p<0.05). All participants completed an adverse event review.
Significant improvement in engagement with departmental QI meeting (>66% post-
intervention vs. 10%).
Wilson Course satisfaction. Evaluation based on class The attendance score for medical students was the lowest (8.59 out of 10). Peer 1

» participation (30%), peer evaluation (15%) and group

2012 project paper and presentation (total 55%).

evaluation of all students was high; medical students were the ‘low outlier’ in 8 of 10

categories. Students rated assigned reading material as extremely helpful. Learners’

perceived that analysing the case studies in multidisciplinary groups gave more

insight into understanding the problems and proposing solutions.

Abbreviations: MCQs = multiple choice questions; NPSG = National Patient Safety Goal; QI = quality improvement.
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Table 4. Factors influencing implementation of patient safety courses

Factors

lllustrative quotes from published articles

Learner factors

Enhancing learner engagement

by ensuring clinical relevance

Empowering learners through

application of learning

Competing clinical / service

delivery commitments

Learning inter-professionally
improved teamwork and

communication

“The cases, exploring incidents that were largely based on events
that had in fact happened, were felt to be realistic and directly
applicable to the context of the interns.” %

“We believe that using authentic clinical scenarios brought forward
by trainees as opposed to hypothetical scenarios as in previous
studies ensured relevance to trainees and furthermore, stimulated

trainee engagement in QI work.” 2

“Our program challenges residents to apply their skills in systems-
based practice to a resident-driven, hospital-based project in an
effort to solidify their commitment to QI beyond the structured
rotation.” *

“Although all general surgical residents were invited, just more than
one half actually attended, citing scheduling conflicts and service
delivery pressures as reasons for not doing so.” 2

“The programme promoted better multi-professional communication

and teamwork.”

Faculty factors

Investment in faculty

development is essential

Faculty role-models and

importance of clinical credibility

Protected faculty time

“Successful implementation of this curriculum, however, requires
attention to faculty development. It took several years at our

institution to achieve this and some schools may not have similar

resources.” *'

“Faculty had clinical background and we feel that our students can

relate to them more readily.” %

“The residency program further invested in quality by naming both
an assistant and associate program director for quality amounting to
roughly 0.1 full-time equivalent spent working on the QICs and

subsequent project implementation.” %

“...the main barrier to faculty engagement....was competing clinical

commitments.” 2
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Curricular factors

Promoting patient safety as a

science

Competing curricular demands

Balance between didactic and

experiential learning

Balance between reinforcement
of learning and repetition of

teaching material

Central administrative support

necessary for sustainability

Creating inter-professional
learning opportunities is

challenging

“The topic of safety was approached as a ‘science’ with a defined
set of principles and theories, and supported with published
literature.” *'

“Whole-class lectures are by no means the best way to teach patient
safety but we find it the easiest format to integrate into a busy
curriculum.”
“Making the course mandatory would have been one way of
overcoming this but this would require curricular change at regional
level.” %'

“The students want to increase small-group discussions and

simulation sessions, which would be more effective than didactics.”
26

“The rapid decline in long-term post-test scores indicates
that...students would benefit from frequent reinforcement of the
application of this material.” ¥

“Only half of the students elected to view it (online video)...this may

be due to the perceived redundancy of the information presented.”
34

“We were able to arrange small-group sessions for the randomised,
decentralized project for three months, but a core educational

activity that includes all residents and is managed centrally would

be more sustainable.” *'

“It is complicated and time-intensive to plan and deliver meaningful

and satisfying inter-professional learning experiences.” 3

Learning environment factors

Institutional culture as key to

implementation

Ensuring a safe learning

environment

Forging improved links between

“It is important to focus not only on individual attitudes and
intentions, but also on a stimulating environment, including hospital

culture and patient safety policies.” =

“Several residents commented that they felt safe with the reporting

methodologies and follow-up.” >

“We believe that few of these reports of safety concerns would have

been brought forward without providing a structured forum for

discussion in a trusted and collegial environment.” 52

“To foster engagement and sustainability, we are now working to

48
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training programmes and

hospital improvement activities

Financial support to fund the

programme

BMJ Open

more deliberately and consistently integrate patient safety

education with the hospitals’ systems improvements.” 31

“The chair of the department and the program director were very

supportive of this endeavour.” =

“VA hospital’s willingness to financially support 2 residents per
month in this intensive patient safety and quality improvement
rotation...Dedicated faculty rotation leaders supported by the VA

with protected time to teach and mentor residents.” 42
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Box 1. Recommendations for minimum content reporting in studies evaluating patient

safety training interventions

e Study design (e.g. prospective, retrospective, before and after design, control groups)

e  Study setting (e.g. single centre, multi-centre)

e Participants including inclusion and exclusion criteria

e Intervention

[¢]

o

[¢]

[e]

Delivery method of all aspects of the intervention (e.g. online, didactic lecture, group setting)
Thorough and explicit description of course content
Description of those delivering the intervention (faculty), their training, and their qualification

Educational theory/theories underpinning the intervention

e Method(s) of evaluation and detailed description of exactly when these were conducted

e Specific outcomes assessed (e.g. knowledge, attitudes, patient outcomes)

e Length and type of follow-up

e Data analysis methods

e Factors influencing course implementation (barriers and enablers)

e Limitations of the intervention

e  Areas for further work

50
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Figure legends

Figure 1. Flow diagram illustrating our search strategy
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Title

Abstract

BMJ Open

Citations identified
using the search criteria

4027

Citations selected
based upon title screen

304

Manuscripts obtained
for detailed review
based upon abstract
screening

61

ing ing (n = 243)

Papers identified

Papers selected for
analysis based on full
text review

25

}

gh hand
journals and from
reference lists

1

Full text selection

Final papers included in
this systematic review

26

Excluded following full text review (n = 36)

Not empirical study (n = 8)
Participants not medical students/trainees (n = 4)
No explicit educational intervention (n = 7)
No evaluation performed (n = 1)
Safety as minor component of educational intervention (n = 3)
Intervention focused on technical or non-technical skills (n = 13)

Figure 1. Flow diagram illustrating our search strategy.
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Appendix 1. Search strategy used in our systematic review

Search terms Number of
articles
1 patient safety/ or 'patient safety'.mp. or risk management/ or incident report/ or 373457
'incident report™'.mp. or 'error report*'.mp. or systems analysis/ or "root cause
analysis"/ or 'root cause analy*'.mp. or Organizational Culture/ and Patient Safety/ or
'safety culture'.mp. or 'human factors'.mp. or 'human error*'.mp. or malpractice/ or
iatrogenic disease/ or medical error/ or sentinel event/ or 'sentinel event*'.mp. or
'adverse event*'.mp. or 'patient safety incident*'.mp. or 'clinical incident*'.mp. or 'never
event™'.mp.
2 medical education/ or teaching/ or learning/ or training/ or curriculum/ or competence/ 474342
or skill/
3 1and 2 10675
4 Limit 3 to English language 10223
5 Limit 4 to human 7972
6 Sensitivity check* Passed
7 Limit 5 to years 2009 — Present* 4418
8 Remove duplicates 4027

* described further in the Methods section of the manuscript
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Appendix 2. Study eligibility criteria

Criterion

Definition

Page 54 of 56

Rationale

Paper includes
sufficient empirical
data

Participants include
residents or medical
students

Study involves an
educational
intervention

Educational
intervention includes

‘patient safety’ as core

content

Study includes
evaluation of the
educational
intervention

It is not a review, commentary, letter or editorial.

It is not a conference abstract or short report without a full accompanying paper.
Study involves residents or medical students as participants.

Participants may include mixed group health care professionals involving residents
or medical students.

Study reports an educational intervention offered to participants.

It is NOT a study involving novel systems or strategies without an educational
intervention.

Intervention includes one or more of the following as core content: patient safety,
human factors, systems thinking, root cause analysis, medical error/adverse
events/patient safety incidents.

It is NOT an intervention primarily aimed at developing specific safety-related skills
with/without inclusion of core concepts of patient safety e.g. team training, safe
prescribing training, handover training, error disclosure training.

Intervention is evaluated with regards to at least one of Kirkpatrick’s levels of
evaluation:

Level 1: Participation

Level 2a: Modification of attitudes/perceptions
Level 2b: Modification of knowledge/skills
Level 3: Behavioural change

Level 4a: Change in organizational practice
Level 4b: Benefits to patients

It is NOT a purely descriptive study.

Empirical studies minimize the risk of biases that may occur
with other types of studies.

This ensures sufficient information for data extraction and
quality assessment.

Doctors and medical students are the target population for this
systematic review.

Explicit educational interventions are the focus of this
systematic review.

Educational interventions teaching core concepts of patient
safety are the focus of this systematic review

Specific skills-based educational interventions are outside the
scope of this review. Moreover, focussed systematic reviews
on these subjects have recently been undertaken. For
example: team training,36 prescribing training,53 handover
training,54 and error disclosure training.55

To enable comparative analysis of the effectiveness of
interventions wherever possible.
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PRISMA 2009 Checklist

1
2
3
4 . . s .- Reported
5] Section/topic # Checklist item
6 on page #
g TITLE
g| Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
11 ABSTRACT
12 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 2
13 participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
14 implications of key findings; systematic review registration number.
1
1ZINTRODUCTION
17 Rationale 3 | Describe the rationale for the review in the context of what is already known. 5
1
19 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 6
20 outcomes, and study design (PICOS).
gi METHODS
24 Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide N/A
24 registration information including registration number.
25 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 8
g language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 6
28
20 additional studies) in the search and date last searched.
30 search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 7
g 1 repeated.
33 Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 8
34 included in the meta-analysis).
3% Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 9
2(; for obtaining and confirming data from investigators.
38 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 9
39 simplifications made.
40 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was N/A
j& studies done at the study or outcome level), and how this information is to be used in any data synthesis.
43 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 10
jﬁ: Synthesis of results 14 Descrlbe the methods of handling data and combining results of studies, if done, including measures of consistency N/A
46 (eg. 3 O¥ %‘aagfp Fr(l%t.%\ﬂ”nar'\ \S/IS http//bmjopen bmj caom/site/abaut/guidelines xhtm]
47
48 y6uAdod Ag parosioid 1senb Ag 20z ‘0z 1dy uo /wod g uadolwg//:dny woiy papeojumoq "ST0Z ABIN 0Z U0 G0..L00-ST0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO NG
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PRISMA 2009 Checklist

1 it
2
3
4
5
[J Section/topic Checklist item E:F::;zd#
e
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 10
9 reporting within studies).
1
1 f Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | N/A
1', which were pre-specified.
13 RESULTS
15; Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 10
16 each stage, ideally with a flow diagram.
17 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 11
13 provide the citations.
1 D
20 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). N/A
2-& Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each N/A
g:; intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
24 Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. N/A
g‘f Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). N/A
D
27 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A
28
29 DISCUSSION
30 Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 19
g-L key groups (e.g., healthcare providers, users, and policy makers).
3;§ Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 23
34 identified research, reporting bias).
g;? Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 25
D
g" FUNDING
3¢ Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 27
4 systematic review.
41

42 From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.
43 doi:10.1371/journal.pmed 1000097

44
45
46
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48
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For more information, visit: www.prisma-statement.org.
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