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ABSTRACT

Background The use of in situ simulation has
previously been shown to increase confidence, teamwork
and practical skills of trained professionals. However,

a direct benefit to patient outcomes has not been
sufficiently explored. This review focuses on the effect

of in situ simulation training in a hospital setting on
morbidity or mortality.

Methods A combined search was conducted in
PUBMED, OVID, WEB OF SCIENCE, CINAHL, SCOPUS and
EMBASE. 478 studies were screened with nine articles
published between 2011 and 2017 meeting the inclusion
criteria for analysis.

Results This review selected eight prospective

studies and one prospective-retrospective study. Three
studies isolated in situ simulation as an experimental
variable while the remaining studies implemented in

situ programmes as a component of larger quality
improvement initiatives. Seven studies demonstrated a
significant improvement in morbidity and/or mortality
outcomes following integrated in situ simulation training.
Conclusion Existing literature, albeit limited,
demonstrates that in situ training improves patient
outcomes either in isolation or within a larger quality
improvement programme. However, existing evidence
contains difficulties such as isolating the impact of in situ
training from various potential confounding factors and
potential for publication bias.

INTRODUCTION

Simulation-based education has been an increas-
ingly applied teaching method with a growing
body of supporting evidence.! There are a variety
of techniques, tools and methodologies that can
be used within simulation-based education.” One
such modality, in situ simulation-based training, is
defined as simulated encounters in the exact setting
where they are expected to occur, as opposed to
dedicated simulation labs or centres. In situ simu-
lations create an encounter within the real working
environment. It is particularly relevant to train
teams and/or individuals within an institution.
More so, employing in situ simulation may mitigate
challenges in constructing a simulation centre by
negating the need for dedicated physical space other
than storage of the equipment. In the context of
healthcare, this has been widely incorporated into
education programming ranging from early degree
programmes to continuing medical education for
various providers including physicians, dentists,
nurses and physician assistants.® In situ simulations
are often used when training for medical emergen-
cies or ‘codes’, and correspondingly may be referred

,! Cole Krensky, Sachin Doshi,? Vsevolod S. Perelman'?*

to as a mock code.* Another name for in situ simu-
lations is point-of-care simulations, meaning its
scope is not limited to medical emergencies and
can be used within the context of other healthcare
responses.’

In situ simulation-based training may be an
important training modality to improve care
delivery in high-pressure situations that demand the
coordination of many healthcare providers, actions
and resources.® While it has been demonstrated that
knowledge and technical skills are vital to providing
competent emergency care, non-technical skills
referred to as crisis resource management have
also been shown to affect overall outcome, and are
improved through in situ simulation training.” '

Studies have described in situ training improving
process measures of care delivery. Process measures
refer to properties of the care response itself such
as the number of errors, time to intervention and
healthcare provider comfort, rather than outcomes
of the response.'’ Conversely, literature reporting
the direct impact of in situ simulation on patient
outcomes is scarce.'” The definition of ‘patient
outcomes’ in literature is broad but the concepts
of morbidity and mortality can be used. They are
simplistic in their scope yet are a fundamental
starting point when assessing the efficacy of a clin-
ical or educational intervention.” For example,
in the context of cardiopulmonary resuscitation,
while certain metrics such as time to compressions
and time to defibrillation are established surrogate
endpoints to code blue response efficacy, it cannot
be assumed that the combination of these process
measures leads to improved patient outcomes. In
one study investigating the outcomes of cardiopul-
monary arrest for 290 patients, 95 were success-
fully resuscitated; however, only 35 were alive at
discharge and may have had significant adverse
outcomes that were unreported.'* This trend holds
true in similar studies reporting that only 15%-35%
of in-hospital arrests survive to discharge.'® '
Process measures for emergency responses are more
closely associated with individual resuscitation
success, but less so with subacute and long-term
patient outcomes such as survival-to-discharge
and morbidity. Overall, process measures of in
situ simulation are not a substitution for assessing
patient outcomes directly.

Previous reviews have shown that simulation-
based education has positive effects on patient
outcomes but have not demonstrated these findings
with in situ simulation-based training in partic-
ular.'” " Other reviews acknowledged the need to
further investigate in situ simulation as an educa-
tional modality to improve patient morbidity and
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mortality.® 1> ¥ However, these studies focused on all levels of
Kirkpatrick’s model, looking at both integration of knowledge
and measures that result in changes in patient outcomes.”’ We felt
a more robust review of the up-to-date literature is warranted to
identify the impact of in situ simulation training on direct patient
outcomes.

METHODS

Aim

This systematic review seeks to determine if there is evidence
in the literature of in situ simulation training having a correla-
tion with patient outcomes in the domains of morbidity and
mortality.

Study identification

Six independent online databases were used in this review:
PUBMED, OVID, WEB OF SCIENCE, CINAHL, SCOPUS and
EMBASE. The major keywords in all searches were: in situ, simu-
lation and patient outcomes. The ‘in situ” keyword was combined
with its relevant synonyms for the complete search query: ((in
situ OR mock code OR point of care) AND (simulation) AND
(patient outcome)). With PUBMED, OVID and CINAHL, rele-
vant MeSH terms were included within the search query with an
OR operation between each major keyword. The separation of
keywords ‘in situ’ and ‘simulation’ provided an extra catchment
net due to the possible different uses of the expression within
relevant studies. The time frame ranged from inception until
April 2018. Two independent librarians were recruited to help
construct the search query. They were acknowledged but did not
meet the criteria for authorship.

Abstracts identified within each search were imported into
Covidence,?! a systematic review data management software,
and duplicates were removed. Articles were screened inde-
pendently by two reviewers (DG and CK) with conflicts being
resolved through discussion, consensus and input from a third
reviewer (SP).

Study eligibility

The abstract screening process followed the predetermined inclu-
sion criteria: (1) conducted simulations were explicitly in situ; (2)
subjects of the studies must have included healthcare providers
or trainees; and (3) studies used direct patient outcomes such as
morbidity or mortality as a metric of analysis (result in Kirkpat-
rick level 4%° or improvement in 71 framework??).

Studies that were not chosen matched the following exclusion
criteria: (1) simulation was not used as an intervention; (2) simu-
lation used was not in situ; (3) dependent variable of the study
was not a direct patient outcome (see above) but rather some
sort of indirect measure such as latent safety threats or team-
work management; (4) studies published in languages other than
English; (5) secondary research studies such as review articles or
systematic reviews, although the authors reviewed references for
any missed primary studies; (6) studies from non-peer-reviewed
articles, magazine and newsletter publications or online publi-
cations, abstracts and conference proceedings, and so-called
‘grey literature’. Abstracts and conference proceedings were
excluded due to limited extractable information. The population
of interest were licensed healthcare professionals and trainees,
including nurses, physicians and students. All patient popula-
tions were considered. The primary intervention of interest was
the implementation of in situ simulation training alone or as a
component of a robust training programme. All primary study
designs were included. All years were considered.

[ 1178 references imported for screening ) 700 duplicates removed
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Figure 1  Search and selection of included studies.

Article review process

Forty-five articles then underwent full-text screening resulting
in 37 articles being removed due to ambiguous simulation
protocols (not clarified whether in situ or at simulation lab or
centre), non-English full text, unrelated outcomes and exclusive
poster presentations. One primary study which was found while
reviewing references from an excluded secondary review article
was also included. This resulted in a total of nine studies as seen
in figure 1.

Quality assessment

During the full-text screening, risk of bias was assessed inde-
pendently by two reviewers (DG and CK) based on the existing
Risk of Bias in Non-randomised Studies of Interventions tool
for assessing the risk of bias of interventional, non-randomised
studies.” Any conflicts were discussed and resolved. Risk of bias
was determined to be low, moderate or serious depending on
factors such as confounding variables, selection criteria, inter-
vention classification and completeness in data reporting.

Data extraction

The extraction of the nine articles was conducted independently
by the two reviewers (DG and CK) and verified by a third
reviewer (SD) using the Covidence software. The extraction
process focused on team composition, choice of outcome, inter-
vention length and data analysis methodology.

Data synthesis

Due to the potential variable study designs and methodologies
(heterogeneity), a quantitative meta-analysis was not performed.
Instead, a narrative synthesis analysis that evaluated effective-
ness was conducted.**** Our theoretical model was based on the
hypothesis that in situ simulation does affect patient outcomes
through providing unique opportunities for training in the real
clinical environment. Primarily we wanted to see if there is liter-
ature evidence for a change in direct patient outcomes through
this intervention. A preliminary synthesis then followed through
an initial description of included studies. Afterwards, the studies
were compared and contrasted based on the characteristics, find-
ings and relationships between the variables. Finally, the robust-
ness and methodological quality of the studies and synthesis is
assessing with respect to their limitations and biases.
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Table 1
Study Summary

Summaries of included studies

Andreatta etal”®  Investigated the role of mock codes in paediatric cardiopulmonary arrest (CPA) survival rates. Mock codes were held monthly at random times during
Monday through Friday day shifts, increasing in number as the study progressed. All regular code team members were involved including medical residents,
paediatric intensive care unit nurses, medical students, hospitalists and pharmacists. High-fidelity manikins were used in either the clinical simulation centre
or a functional paediatric patient room. Scenarios ranged from sepsis, respiratory distress, increased intracranial pressure/herniation, anaphylactic shock and
cardiogenic shock. Each code encompassed one or more scenarios with initial emphasis on pulseless rhythms in year 1, followed by rhythms with a pulse in
year 2 and a composite in years 3 and 4. Debriefing events led by trained clinical faculty followed the mock codes where video recordings were used. The
chosen outcome of interest was survival rates, defined as a patient survival-to-discharge percentage. CPA survival rates increased during the first year and
slightly increased again for the last 2 years of the study.

Steinemann et a/*’

Examined the effect of a novel 4-hour team training curriculum, consisting of online teaching, multiple in situ simulation exercises and simulation debriefs.
Participants consisted of all healthcare professionals involved in an acute resuscitation, including staff physicians, residents, nurses, respiratory therapists and
emergency department technicians. Outcomes of interest were primarily skills based; however, this study also evaluated the effect of the simulation-based

training curriculum on patient survivability after intervention, reporting a non-significant impact.

Investigated the effects of didactic training alone or in combination with in situ simulation on adverse prenatal outcomes. Three hospitals were randomly
assigned to either have no intervention (control), TeamSTEPPS didactic training, or in situ simulation integrated with TeamSTEPPS training (full intervention).
Participants included all the labour and delivery staff. Eleven in situ simulations were conducted across half a year after didactic training in the third hospital.
Outcomes included the Weighted Adverse Outcome Score which decreased in the full-intervention hospital, stayed the same in the didactic-only hospital and
increased in the control hospital.

Examined the clinical effects of a composite resuscitation team training programme. The training included in situ simulation along with other interventions.
The preintervention baseline period was 4years with an intervention period of 1year. The study demonstrated an improvement in the primary outcome which
was survival-to-discharge following a CPA. Exclusion criteria included events which used extracorporeal membrane oxygenation (ECMO) at code initiation.

Investigated the effect of a multifaceted patient safety programme on clinical outcomes. Baseline measurements were conducted over 1year followed by a
1-year intervention period and a 6-month sustainability period. The intervention comprised in situ simulation training adjunctive to other interventions. In situ
simulations were conducted four times per month during the intervention period and monthly during the sustainability period on both day and night shifts.
Scenarios were designed to mimic clinical states preceding acute deterioration where both technical and non-technical skills were emphasised. Measured
outcomes included hospital-acquired severe sepsis/septic shock, acute respiratory failure, rate of unplanned transfers to higher level of care (HLOC) and
weighted risk adjusted observed to expected mortality ratio. All outcomes except for the rate of unplanned transfers to HLOC improved significantly when
compared with both the baseline period and to control hospital units which did not receive the training programme.

Investigated cardiopulmonary resuscitation outcomes with interventions including mock codes along with other optimisation protocols. The mock codes
were conducted at least twice a year in different departments around the hospital. The study demonstrated improvement in the rate of return of spontaneous
circulation (ROSC) as well as survival-to-discharge.

Analysed the effect of a quality improvement collaborative on prenatal outcomes from 14 hospitals. This initiative included a 2-year baseline followed by a
5-year intervention period which encompassed three primary interventions: a standardised care process, teamwork training through in situ simulation, and
education and performance feedback. Phase 1 introduced education and performance feedback as well as a standardised care process over 3 years. It was
followed by phase 2 which occurred during the last 2 years of the study and included in situ training. This study demonstrated a decrease in the adverse
outcome index after intervention.

Riley et al®®

Knight et a/*®

Braddock et al*

Sodhi et af’!

Riley et al?

Theilen et a/** Examined the effect of introducing a paediatric medical emergency team (PMET) coupled with weekly in situ simulation training on hospital outcomes.
Non-PMET staff, registrars and senior nurses from all hospital wards were also included in this training programme as a hospital-wide initiative. The study
demonstrated an insignificant decrease in paediatric intensive care unit (PICU) mortality yet showed a significant decrease in hospital-wide deaths, which

was not a predetermined outcome.

Gibbs et aP* Implemented and investigated the effect of an in situ simulation programme to combat a methicillin-resistant Staphylococcus aureus (MRSA) outbreak in a
level 4 neonatal intensive care unit. Physicians, nurses, respiratory therapists and environmental service workers completed the training programme which
incorporated 30 min in situ simulations along with debriefing. The main educational principles of interest were proper techniques of personal protective
equipment, hand hygiene, handling potentially contaminated materials and entering/existing infected rooms. This study demonstrated a significant decrease
in the number of infections.

RESULTS additional study temporally separated a multitude of inter-

Study characteristics

Of the nine selected studies, seven were conducted in
the USA,*3%323% one in the UK* and one in India.! All
studies used some variation of a prospective cohort approach,
with one study incorporating a retrospective analysis as well.?!
The publishing dates range from 2011 to 2017. The spec-

ventions, including in situ simulation, to assess for individual
effects.’> The majority of studies (n=5) incorporated in situ
simulation as part of a broad educational intervention.?$7! 33
Seven studies were single arm,?® *” %’ 317 and seven studies
used a clearly defined preintervention baseline period for

26-34

trum of clinical scenarios for which in situ simulation was
performed included code emergencies (n=6),2¢ 27 2% 31 33 34
detection of in-hospital deterioration (n=1)*" and obstetrical
emergencies (n=2).”® ** The patient populations consisted of
paediatric (n=4),%¢ %33 3% obstetric (n=2)**** and adult inpa-
tients (n=3).%7 303!

Study methodologies

The selected studies used different methodological approaches
to assess the effectiveness of their variable patient safety inter-
ventions (table 1). Only three studies isolated in situ simu-
lation as the primary intervention at onset,”® >’ ** while an

statistical comparisons.”’* Two studies used other hospital
inpatient units as the control group.”®*° Four of the selected
studies had intervention periods of 1year or less,?” > *°** with
the remaining five studies implementing intervention periods
lasting between 2 and 6 years,?® 2831733

The frequencies of in situ simulation varied, ranging from
only once (n1=2),%"** to weekly (n=2),°°** biweekly (n=1),
monthly (n=2)%¢?’ and biannually (n=1).*" One study did
not specify the number of in situ simulations performed.’?
Debriefing following an in situ simulation exercise was
performed in eight studies, using either video (n=4)2¢ 27?32
or non-video (n=4) modalities.?® 3033 3
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Team characteristics

All the selected studies included both nurses and physicians in the
in situ simulation intervention. Eight studies®* *17* included
the entire emergency code team with only one study focusing
exclusively on Postgraduate Year 1 residents and nurses.*® For all
studies, turnover rates for participating teams were not clearly
reported. Only one study specified the team size and individual
composition.>® As well, there were varying reporting methodol-
ogies for participation rates as it was generally unclear if partici-
pants were involved in one or several in situ simulation exercises.

Outcome metrics

Five of the selected studies used mortality metrics as the primary
measured outcome.?®*” #3133 The remaining four studies chose
specific morbidity metrics including sepsis, septic shock and acute
respiratory failure (n=1),’* methicillin-resistant Staphylococcus
aureus infection (n=1)** and perinatal adverse events (n=2).2% 3
In seven of the selected studies, there was a significant improve-
ment in the outcomes of interest.?® 273 One study found no
statistically significant improvement in mortality.”” Another
study did appreciate a significant improvement in hospital-wide
mortality, but the primary scope of the study (paediatric inten-
sive care unit) showed insignificant results.*” Table 2 outlines the
intervention and outcome characteristics of selected studies, as
well as the results as reported.

Quality and bias

Table 3 outlines the assessment of each study related to quality
and bias. The most prevalent methodological limitation was in
situ simulation not being isolated (n=5).2%3!33

DISCUSSION

Summary

The research question posited in this systematic review is whether
in situ simulation affects patient morbidity and mortality. The
choice of selecting direct outcomes was made to limit the review
to the most impactful studies. Only nine studies met the criteria
to be included in this review. This relatively small number of
studies demonstrates a tendency in literature to focus on the
acquisition and improvement of skills and process measures
as surrogate markers for improved clinical competency rather
than patient outcomes. While conducting this review, articles
reporting on these surrogate endpoints were abundant. This
finding is congruent with other systematic reviews published in
the last several years.” ' ' '8 Recently, however, an increasing
number of studies have been published that directly demonstrate
the positive impact of in situ simulation training on patient
morbidity and mortality. Furthermore, the in situ element of
simulation training is a much less explored factor when assessing
traditional high-fidelity simulation approaches, contributing to a
narrow scope of captured studies.

Limitations of selected studies

Causative effect of isolating in situ simulation

We included all studies that had in situ simulation as an inter-
vention either independently or part of a complex training
programme. As simulation-based interventions become more
common and training programmes more sophisticated, it is
becoming increasingly challenging to isolate the impact of the in
situ simulation training as an independent intervention. More-
over, in one study with in situ simulation temporally isolated,
while a visual decrease in mortality was seen in the provided
figure, no statistical analysis was offered with respect to the

isolation of the in situ simulation after introduction of other
interventions.>” Thus, while in situ simulation was isolated
temporally, its statistical significance is unknown.

In practice, in situ simulation will most likely not be imple-
mented independently and will be a component of a complex
training programme. What is critical is that training interven-
tions that include an in situ component have been shown to lead
to improved patient morbidity and mortality.

Study methodology limitations

All but two of the selected studies used a single-arm prospec-
tive approach that chose a specific baseline period for compar-
ison with the intervention results. While perhaps simpler to
develop and implement a single-arm study design, the absence
of a control group and subsequent population randomisation
limits the validity of the findings. Braddock et al investigated
in situ simulation as part of a training intervention in a single
hospital department, using other hospital wards as the control.**
However, not all hospital wards are equal, thus this may intro-
duce further confounders. Riley et al randomly assigned three
hospitals as a control, didactic only, or didactic along with in situ
simulation.”® Similarly, not all hospitals are equal which intro-
duced cofounders. Despite these limitations, this is a prudent
first step to increasing the validity of the results. However,
further efforts should include randomisation of the study popu-
lation and larger sample sizes to reduce confounding variables
such as secular trends in outcomes.*

The dilemma of study methodology can be traced back to
the chosen population of interest. Studies that focused on the
code team are hindered by issues such as limited sample size,
rotating teams and inability to create control groups. Often the
number of in situ simulations is reported, but it is unclear if the
same people are participating in each one. The ultimate effect of
improved patient outcomes is difficult to attribute to any factor,
instead correlations are drawn to an abstract general change in
safety culture or safety awareness. A greater focus on documen-
tation of individual participation and team change-over may
increase transparency of the effectiveness of the in situ simula-
tion intervention.

Interdisciplinary practices

All selected studies used an interprofessional approach to
training which highlights the importance of investing in whole-
team training. This is beneficial as in situ training mirrors
real-life emergency codes which are attended by a rotating inter-
disciplinary team. Teams must rely on each member’s technical
and non-technical skills to succeed; therefore, training is impera-
tive for all members. Moreover, one study demonstrated that by
inviting non-core team members to in situ training, a decrease in
general hospital mortality was demonstrated.*® A possible expla-
nation for this was that general ward nurses and medical trainees
who participated in the in situ training brought their educational
experiences back to other hospital units. Though only demon-
strated by a single study, by expanding training interventions
department-wide or even hospital-wide beyond the code team,
patient outcomes can be further influenced.

Limitations of current review

This systematic review is limited by exclusion of non-English
articles and being unable to contact researchers for additional
information. Our search criteria were narrow by design to
capture only the studies about in situ simulation deemed most
impactful with relation to patient outcomes, which may have
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Table 3 Included studies with limitations and risk of bias
Study Risk of bias Limitation/methodological issues
Andreatta Moderate Absence of baseline period for comparison.

etal®® Participant composition not fully elucidated.
Presence of confounding variables.

Steinemann  Moderate Though number of involved participants recorded,

etal”’ no mention of participant retention during study
duration (1 year).

Riley eta”®  Moderate Presence of confounding variables (in situ simulation
not isolated).

Arms of study differed at baseline.

Knight et a”®  Moderate Participant composition not fully elucidated.
Presence of confounding variables (in situ simulation
not isolated).

Braddock Moderate Non-intervention control group differed from

etal’ intervention group.

Presence of confounding variables (in situ simulation
not isolated).

Sodhietal’’  Moderate Presence of confounding variables (in situ simulation
not isolated).

Participant composition not fully elucidated.
Riley etal  Serious Presence of confounding variables (in situ simulation

not isolated).

Potential outcome selection bias due to reporting on
four of the eight initial outcomes.

Potential bias due to influence of private third-party
entity.

Participant composition not fully elucidated.
Presence of confounding variables (in situ simulation
not isolated).

Potential outcome selection bias due to reporting on
non-initial outcome.

Results affected by confounding factors (related to
disease outbreak dynamics).

Participant composition not fully elucidated.

Small sample size.

Team characteristics not fully elucidated.

Theilen et a®  Moderate

Gibbs etaP*  Serious

limited the scope of our search. A larger limitation of this review
is possible publication bias since no studies captured in the search
reported negative results. This could suggest the search criteria
are too narrow, by focusing entirely on simulations with an in
situ component, that few studies are investigating morbidity
and mortality as an outcome, or that studies with negative or
neutral results are not published. As well, the majority of the
selected studies are single-arm pre-post intervention studies, thus
the risk of bias is relatively high. Long-term trends are another
limitation involved in the before-and-after studies we analysed.
For example, it has been shown that a hospital without a paedi-
atric medical emergency team has decreased mortality over
time, suggesting that multiple interventions or secular trends in
outcomes of cardiac arrest can account for this decrease.*’

Recommendations for future studies

Current literature tends to investigate in situ simulation inde-
pendent of patient outcomes, or as a part of a larger educational
initiative. However, the relationship between the two is rarely
investigated in isolation. To better explore the potential impact of
in situ simulation, future studies could implement protocols that
effectively isolate its impact on patient outcomes. A prospective
study in an isolated unit such as an emergency department can
be used to compare patient outcomes before and after the imple-
mentation of an in situ training programme. A resource intensive
method could be implemented where all potential members of
the response team receive in situ training, or instead implement

an intent-to-treat approach where specific members (eg, full-
time staff and code leaders only) receive training. The emergency
department is a strong candidate for this small-scale trial since
it often acts as its own code response team (ie, less responders
that require in situ training). This smaller scale pilot project
could provide data for cost-benefit analysis of an institution-
wide initiative for all code responders. To reduce confounding
factors, sites can be chosen that have demonstrated relatively
consistent code outcomes over a retrospective time period that
is equal to or longer than the planned prospective study period.
For example, a 3-year prospective in situ study should take place
at an institution where code outcomes have remained consistent
for the prior 3years. Additionally, patient outcomes from other
institutions without in situ training can be monitored for relative
changes. This would reflect and account for confounding factors
such as technological and research advancements. Another study
could include participants randomised into either the in situ
or traditional arms will elucidate the specific impact of in situ
training. Overall, a well thought-out prospective study design
specifically focused on evaluating the effect of in situ training on
patient outcomes is required to truly reveal its impact; however,
paucity in current literature persists as the relationship between
the two is rarely the sole outcome being investigated.

CONCLUSION

The present review discovered evidence in the literature that
incorporation of in situ simulation training is statistically
correlated with improved patient morbidity and mortality.
However, supporting evidence remains limited by the number
of studies and an array of confounding factors to grasp the true
validity of the findings. To determine the true impact of in situ
simulation either independently or as part of a larger training
programme, future research should make use of more isolating
protocols with fewer confounding factors.

Acknowledgements Daphne Horn, Chris Walsh, Lisa Satterthwaite.

Contributors DG and CK designed the search query, conducted the search,
analysed the data, drafted and revised the paper. SD drafted and revised the paper.
SP initiated the project and revised the paper. DG and CK contributed equally to this
paper.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Ethics approval The authors did not seek ethical approval as the systematic
review did not meet the criteria of human subject research.

Provenance and peer review Not commissioned; externally peer reviewed.

ORCID iD
Daniel Goldshtein http://orcid.org/0000-0003-4384-7693

REFERENCES

1 Motola I, Devine LA, Chung HS, et al. Simulation in healthcare education: a best
evidence practical guide. AMEE Guide No. 82. Med Teach 2013;35:¢1511-30.

2 Lateef F. Simulation-based learning: Just like the real thing. J Emerg Trauma Shock
2010,3:348-52.

3 Serensen JL, @stergaard D, LeBlanc V, et al. Design of simulation-based medical
education and advantages and disadvantages of in situ simulation versus off-site
simulation. BMC Med Educ 2017;17:20.

4 Spunt D, Foster D, Adams K. Mock code: a clinical simulation module. Nurse Educ
2004;29:192-4.

5 Weinstock PH, Kappus LJ, Garden A, et al. Simulation at the point of care: reduced-
cost, in situ training via a mobile cart. Pediatr Crit Care Med 2009;10:176-81.

6 Patterson MD, Blike GT, Nadkarni VM, et al. In situ Simulation: Challenges and Results.
In: Henriksen K, Battles JB, Keyes MA, eds. Advances in patient safety: new directions
and alternative approaches (Vol. 3: Performance and Tools). Rockville (MD): Agency
for Healthcare Research and Quality (US), 2008.

8

Goldshtein D, et al. BMJ Stel 2020;6:3-9. doi: 10.1136/bmjstel-2018-000387


http://orcid.org/0000-0003-4384-7693
http://dx.doi.org/10.3109/0142159X.2013.818632
http://dx.doi.org/10.4103/0974-2700.70743
http://dx.doi.org/10.1186/s12909-016-0838-3
http://www.ncbi.nlm.nih.gov/pubmed/15371759
http://dx.doi.org/10.1097/PCC.0b013e3181956c6f

Systematic review

7

8

20

21

22

Rousek JB, Hallbeck MS. The ergonomics of “Code Blue” medical emergencies: a
literature review. //E Trans Healthc Syst Eng 2011;1:197-212.

Kodate N, Ross A, Anderson JE, et al. Non-Technical Skills (NTS) for enhancing patient
safety: achievements and future directions. Japanese Journal of Quality and Safety in
Healthcare 2012;7:360-70.

Yager P, Collins C, Blais C, et al. Quality improvement utilizing in-situ simulation

for a dual-hospital pediatric code response team. Int J Pedliatr Otorhinolaryngol
2016;88:42-6.

Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart Disease and Stroke Statistics-2017
update: a report from the American Heart Association. Circulation
2017;135:146-603.

Mant J. Process versus outcome indicators in the assessment of quality of health care.
Int J Qual Health Care 2001;13:475-80.

Boet S, Bould MD, Fung L, et a/. Transfer of learning and patient outcome in simulated
crisis resource management: a systematic review. Can J Anaesth 2014;61:571-82.
Wilson 1B, Cleary PD. Linking clinical variables with health-related quality of life. A
conceptual model of patient outcomes. JAMA 1995;273:59-65.

Saghafinia M, Motamedi MH, Piryaie M, et al. Survival after in-hospital
cardiopulmonary resuscitation in a major referral center. Saudi J Anaesth
2010;4:68-71.

Qureshi SA, Ahern T, 0'Shea R, et al. A standardized code blue team eliminates
variable survival from in-hospital cardiac arrest. J Emerg Med 2012;42:74-8.

Singh S, Grewal A. Evaluation of Cardiopulmonary Resuscitation (CPR) for Patient
Outcomes and their Predictors. J Clin Diagn Res 2016;10:UC01-4.

Zendejas B, Brydges R, Wang AT, et al. Patient outcomes in simulation-based medical
education: a systematic review. J Gen Intern Med 2013;28:1078-89.
Griswold-Theodorson S, Ponnuru S, Dong C, et a/. Beyond the simulation laboratory:
a realist synthesis review of clinical outcomes of simulation-based mastery learning.
Acad Med 2015;90:1553-60.

Kurup V, Matei V, Ray J. Role of in-situ simulation for training in healthcare. Curr Opin
Anaesthesiol 2017:30:755-60.

Kirkpatrick DL, Kirkpatrick JD. Evaluating Training Programs: the Four Levels. 3. San
Francisco, CA: Berrett-Koehler, 2006.

Cochrane. Covidence systematic review software, Veritas Health Innovation.
Melbourne, Australia.

Roland D. Proposal of a linear rather than hierarchical evaluation of educational
initiatives: the 7Is framework. J Educ Eval Health Prof 2015;12:35.

23

24

25

26

27

28

29

30

31

32

33

34

35

Sterne JAC, Herndn MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ 2016;355:i4919.

Popay J, Roberts H, Sowden A, et al. Guidance on the conduct of narrative
synthesis in systematic reviews: a product from the ESRC Methods Programme.
2006.

Campbell M, Thomson H, Katikireddi SV, et a/. Reporting of narrative synthesis in
systematic reviews of public health interventions: a methodological assessment. The
Lancet 2016;388:534.

Andreatta P, Saxton E, Thompson M, et a/. Simulation-based mock codes significantly
correlate with improved pediatric patient cardiopulmonary arrest survival rates*.
Pedliatric Critical Care Medicine 2011;12:33-8.

Steinemann S, Berg B, Skinner A, et al. In situ, multidisciplinary, simulation-based
teamwork training improves early trauma care. J Surg Educ 2011,68:472—7.

Riley W, Davis S, Miller K, et al. Didactic and simulation nontechnical skills team
training to improve perinatal patient outcomes in a community hospital. Jt Comm J
Qual Patient Saf 2011;37:357-64.

Knight LJ, Gabhart JM, Earnest KS, et al. Improving code team performance and
survival outcomes. Crit Care Med 2014:42:243-51.

Braddock CH, Szaflarski N, Forsey L, et al. The TRANSFORM Patient safety project: a
microsystem approach to improving outcomes on inpatient units. / Gen Intern Med
2015;30:425-33.

Sodhi K, Singla MK, Shrivastava A. Institutional resuscitation protocols: do they affect
cardiopulmonary resuscitation outcomes? A 6-year study in a single tertiary-care
centre. J Anesth 2015;29:87-95.

Riley W, Begun JW, Meredith L, et a/. Integrated approach to reduce perinatal adverse
events: standardized processes, interdisciplinary teamwork training, and performance
feedback. Health Serv Res 2016;51:2431-52.

Theilen U, Fraser L, Jones P, et al. Regular in-situ simulation training of paediatric
Medical Emergency Team leads to sustained improvements in hospital response to
deteriorating patients, improved outcomes in intensive care and financial savings.
Resuscitation 2017;115:61-7.

Gibbs K, DeMaria S, McKinsey S, et al. A novel in situ simulation intervention used

to mitigate an outbreak of methicillin-resistant staphylococcus aureus in a Neonatal
Intensive Care Unit. J Pediatr 2018;194:22-7.

Joffe AR, Anton NR, Burkholder SC. Reduction in Hospital mortality over time in a
hospital without a pediatric medical emergency team. Arch Pediatr Adolesc Med
2011;165:419-23.

Goldshtein D, et al. BMJ Stel 2020;6:3-9. doi: 10.1136/bmjstel-2018-000387


http://dx.doi.org/10.1080/19488300.2011.628556
http://dx.doi.org/10.1016/j.ijporl.2016.06.026
http://dx.doi.org/10.1161/CIR.0000000000000485
http://dx.doi.org/10.1093/intqhc/13.6.475
http://dx.doi.org/10.1007/s12630-014-0143-8
http://www.ncbi.nlm.nih.gov/pubmed/7996652
http://dx.doi.org/10.4103/1658-354X.65131
http://dx.doi.org/10.1016/j.jemermed.2010.10.023
http://dx.doi.org/10.7860/JCDR/2016/14773.7012
http://dx.doi.org/10.1007/s11606-012-2264-5
http://dx.doi.org/10.1097/ACM.0000000000000938
http://dx.doi.org/10.1097/ACO.0000000000000514
http://dx.doi.org/10.1097/ACO.0000000000000514
http://dx.doi.org/10.3352/jeehp.2015.12.35
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.1016/S0140-6736(16)32270-X
http://dx.doi.org/10.1016/S0140-6736(16)32270-X
http://dx.doi.org/10.1097/PCC.0b013e3181e89270
http://dx.doi.org/10.1016/j.jsurg.2011.05.009
http://dx.doi.org/10.1016/S1553-7250(11)37046-8
http://dx.doi.org/10.1016/S1553-7250(11)37046-8
http://dx.doi.org/10.1097/CCM.0b013e3182a6439d
http://dx.doi.org/10.1007/s11606-014-3067-7
http://dx.doi.org/10.1007/s00540-014-1873-z
http://dx.doi.org/10.1111/1475-6773.12592
http://dx.doi.org/10.1016/j.resuscitation.2017.03.031
http://dx.doi.org/10.1016/j.jpeds.2017.10.040
http://dx.doi.org/10.1001/archpediatrics.2011.47

	In situ simulation and its effects on patient outcomes: a systematic review
	Abstract
	Introduction
	Methods
	Aim
	Study identification
	Study eligibility
	Article review process
	Quality assessment
	Data extraction
	Data synthesis

	Results
	Study characteristics
	Study methodologies
	Team characteristics
	Outcome metrics
	Quality and bias

	Discussion
	Summary
	Limitations of selected studies
	Causative effect of isolating in situ simulation
	Study methodology limitations
	Interdisciplinary practices

	Limitations of current review
	Recommendations for future studies

	Conclusion
	References


