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ABSTRACT
Background In situ simulation (ISS) has been reported
as an innovative method to identify and mitigate latent
safety threats (LSTs) in healthcare. Little is known about
the current utilisation of ISS across academic simulation
programmes.
Objective This study aims to describe the use of ISS to
identify LST across paediatric academic simulation
programmes.
Methods A 25-question cross-sectional survey was
conducted at two simulation meetings in January 2014
to recruit leaders from paediatric simulation programmes.
The total eligible sample was 82 individuals representing
48 distinct academic medical centres. The 25 survey
questions were created to describe the constructs of: (1)
utilisation of ISS (location, participants, cancellations and
coordination) and (2) the outcomes of ISS (detection of
and response to safety threats). Descriptive statistics
were carried out using SPSS V.21.0 (IBM Corp released
2012).
Results The response rate was 68% (56/82),
representing 79% (38/48) of the eligible academic
medical centres. The majority of respondents (52/56)
reported that their programmes utilised ISS. ISS was
most commonly conducted in acute care settings. Almost
all respondents (48/52) detected an LST during ISS.
More than half of the respondents (28/52) utilised a
formal reporting process after ISS sessions to feedback
the LST to other individuals within their institution. 23%
(12/52) of respondents reported the detection of a
serious LST in ISS that was not resolved and
subsequently led to a safety event during real patient
care.
Conclusions The use of ISS to identify and mitigate
LST is common in this cross-sectional survey of paediatric
simulation programmes. Diverse processes and
organisational structures exist for reporting and
mitigating LSTs identified in ISS. A more integrated and
systematic approach to ISS and LST could help ensure
the mitigation of LSTs before they impact on patients.

INTRODUCTION
In situ simulations (ISS) are conducted in actual
patient care units using ‘real’ equipment, resources,
policies, procedures and staff.1 The physical inte-
gration of simulation into the clinical environment
adjacent to real patient care improves the context-
ual fidelity of these events. Inter-professional ISS
allows teams that work together to practice
together within their clinical space. ISS can drive
improved performance and safety in clinical envir-
onments during real patient care in ways that
centre-based simulation does not. ISS has demon-
strated potential as a method of prospective risk
reduction via the evaluation of system competence

and the identification of the latent conditions that
may predispose patients to harm.1 2

Wachter has defined latent safety threats (LSTs)
as “less apparent failures of organization or design
that contributed to the occurrence of errors or
allowed them to cause harm to patients—latent
errors are quite literally accidents waiting to
happen.”3 LSTs have also been defined as system-
based threats to patient safety that can materialise
at any time and are previously unrecognised by
healthcare providers, unit directors or hospital
administration.4 These errors in design, organisa-
tion, training or maintenance may have a significant
impact on patient safety and, if not mitigated,
could potentially delay management in an emer-
gency situation.5 A common example of an LST in
paediatrics is a scale that weighs patients in pounds
or kilograms when all medication dosing is calcu-
lated based on the weight in kilograms. A scale that
is locked into kilograms would prevent the risk of a
patient receiving an overdose of a medication.
There are a number of recent publications that

describe the identification of LSTs using ISS in mul-
tiple hospital settings including emergency depart-
ments, operating rooms, labour and delivery suites,
and various inpatient units.2 6–12 Paediatrics is an
area that is suitable for the use of ISS to detect
LSTs as many high stakes paediatric conditions are
extremely low frequency events in a single institu-
tion and therefore there are limited opportunities
to assess the safety of care that is provided (eg,
paediatric cardiac arrest). A recent review of pub-
lished ISS research noted that 87% of the pro-
grammes described using ISS in some way to
identify potential hazards. However, only 21% of
the programmes identified some type of feedback
mechanism to address the hazards identified during
the ISS and debriefing.13

By definition, LSTs have not yet harmed patients,
however, in uncovering the LST the ISS demon-
strates the potential for patient harm. There are no
published descriptions of best practices to address
LSTs identified in ISS. Based on the authors’ per-
sonal experiences there is substantial variation in
the ways that various healthcare organisations
address LSTs identified in ISS. This is in contrast to
threats to patient safety identified in clinical care
where there are standardised approaches to report-
ing these events (eg, hospital event reporting
systems).
The goal of this project is to describe the current

use of ISS to improve patient safety. The objectives
of this survey were to describe children’s hospital
simulation programmes: (1) utilisation of ISS and
(2) outcomes from ISS (detection and mitigation of
LSTs).
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METHODOLOGY
The survey questions were created to describe the constructs of:
(1) utilisation of ISS (location, participants, cancellations and
coordination) and (2) the outcomes of ISS (detection and
response to safety threats). The questions were developed over a
series of four iterations with conference calls to discuss question
content, format, wording and order by the three study authors.
The authors have a combined 21 years of experience conducting
ISS. Next, the final survey was administered to five additional
physicians with over 40 years of combined experience in leading
paediatric simulation programmes as a pilot test for face and
content validity. The survey went through three iterations
during this process. The final survey included 25 questions in
the following domains (figure 1): 3 demographic questions, 9
questions describing utilisation of ISS and 13 questions describ-
ing the outcomes of the ISS programme (the detection and miti-
gation of LSTs).

This survey was administered to volunteer participants
sampled in person during the 2014 INSPIRE meeting
(International Network for Simulation–Based Pediatric
Innovation, Research and Education)14 on 25 January 2014 in
San Francisco, California, USA (77 attendees from 43 academic
medical centres) and at the Society for Simulation in Healthcare
(SSH) Pediatric Special Interest Group meeting on 27 January
2014 in San Francisco, California, USA (55 attendees from
40 academic medical centres). Many individuals attended both
meetings and the total eligible sample included 82 individuals
representing 48 academic medical centres. Participants were
eligible for inclusion if they were faculty-level paediatric simula-
tion practitioners from academic medical centres attending
these meetings. All types of professionals were eligible to
complete the survey (RN, MD, PhD). Simulation practitioners
from non-academic centres, community hospitals, trainees and
industry were excluded from recruitment. We classified
academic medical centres as a medical centre that had an affili-
ation with a university. When multiple divisions or programmes
were represented from distinct ISS programmes within a single
institution, multiple participants were asked to complete a
survey. Of note, on enrolment some institutions had multiple
responses (eg, one from an emergency department (ED) ISS
programme and another from a neonatal intensive care unit
(NICU) ISS programme) while other institutions considered
themselves as having a single simulation centre ISS programme
that served the entire enterprise. Those who did not conduct
ISS completed demographic data only. This study was reviewed
by the Akron Children’s Hospital Institutional Review Board
and deemed exempt. Responses were anonymous and data were
presented in aggregate. All data were descriptive or qualitative
in nature and descriptive statistics were performed using
SPSS V.21.0.

RESULTS
Fifty-six unique surveys described programmes at 38 academic
medical centres represented on the map in figure 2. The
response rate was 68% (56/82) at the individual attendee level
and surveys were completed from 79% (38/48) of the academic
medical centres represented at the meetings.

Utilisation of ISS in paediatrics
Use of ISS: 93% (52/56) of the respondents reported conduct-
ing ISS at their institution and completed the full survey. Four
individuals were not conducting ISS and did not complete the
remainder of the survey.

Frequency: 48% (25/52) of the respondents reported con-
ducting monthly ISS sessions and 19% (10/52) conducted more
than two ISS sessions per week.

Duration of ISS: 52% (27/52) of the respondents reported
that the duration of ISS sessions was <20 min.

Participants: 58% (30/52) of ISS involved participants
working on the unit (on-shift). Thirty-three per cent (17/52)
involved both, participants working on the unit and coming in
from home (off-shift). The remaining 10% (5/52) involved only
participants coming from home.

Cancellations: 69% (36/52) of respondents had an explicit
‘no go’ or cancellation policy related to ISS. All programmes
reported cancelling ISS over the past year with a broad range of
cancellation frequency (10–50%) with the majority of pro-
grammes (33/52) cancelling 20% of the time or less. The most
common factors leading to cancellations of ISS related to
patient census, patient acuity and staffing numbers.

Location: At many institutions ISS was conducted in multiple
clinical environments. The most common environments
included: NICU 73% (38/52), ED 69% (36/52), paediatric
intensive care unit 58% (30/52) and/or inpatient wards 58%
(30/52). Additionally in some institutions ISS were conducted in
operating rooms, post-anesthesia/recovery units, labour and
delivery suites, clinics (primary care, specialty care, urgent care
and dental), dialysis/infusion centres, helicopter pad, radiology
suites, and public areas.

Coordination of ISS: The ISS activities were coordinated by
various stakeholders including the simulation programme 33%
(17/52), the respective clinical division 23% (12/52), the hos-
pital patient safety programme 17% (9/52), the residency train-
ing programme 17% (9/52) and the nursing education
programme 10% (5/52). Half of programmes (26/52) reported
that other ISS efforts existed within their institution in addition
to the programme that they were involved with.

Identification and mitigation of LST in paediatric ISS
Detection of LSTs: 92% (48/52) of programmes reported
detecting LSTs via ISS. Table 1 reports examples of responses to
the question ‘name the most serious LST identified during the
past year’ by themes for the 38/48 individuals who completed
this free text question.

Number of LSTs identified: Programmes reported identifying
up to five LSTs per ISS with 46% (24/52) identifying one LST
per ISS and the other programmes identifying more than one
per ISS.

Severity of LST: 40% (21/52) reported that an LST identified
in ISS could lead to a serious safety event and/or serious harm
or death of a patient if not resolved.

Who addresses LSTs: LSTs identified in ISS were addressed by
the following stakeholders (in order from most frequent to least
frequent): unit level nursing/physician leadership (14/28), hos-
pital quality and safety programmes (5/28), code committees (6/
28), and clinical engineering (3/28).

Time to resolution of LST: The mean time that participants
reported to mitigation of these serious LSTs was 50 days with
an SD of 150 days and a range of 0–700 days.

Repetition of ISS cases to re-evaluate LST: 62% (32/52) of
respondents repeated simulation cases to evaluate mitigation of
LSTs after dissemination of the ISS reports.

Response to detected LSTs: 54% (28/52) of programmes
reported utilising a formal report document and/or process after
ISS sessions to communicate the LSTs to other individuals
within the institution. For the programmes utilising formal
reporting processes these reports were distributed to diverse
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stakeholders as described in table 2. In the first column each
respondent reported all of the stakeholders to whom they send
their report. The second column lists the stakeholders whom

the respondent identified as primarily responsible to follow-up
on the simulation report out document. Note that these
numbers exceed the total number of respondents with formal

Figure 1 Survey tool. The
25-question survey administered to
volunteer participants at two
international meetings in January
2014.

Figure 2 Participating sites. Academic medical centres represented by the respondents of the survey, with majority located in USA.
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report out processes (n=28) as many respondents reported
sending the report out to multiple stakeholders and checked
multiple stakeholders as having primary responsibility (item was
check all that apply).

Unresolved LSTs identified in ISS: of note 23% (12/52) of
respondents reported the detection of a serious LST in ISS that
was not resolved and subsequently led to a safety event during
real patient care.

DISCUSSION
This is the first study to describe the use of ISS in a cross-section
of academic institutions. ISS has been described in a variety of
fields and is most frequently applied for high stakes and low-
frequency conditions.6 8 15–17 Our results describe a high rate of
utilisation of ISS across a spectrum of paediatric clinical envir-
onments in academic medical centres. These results demonstrate
the ‘knowledge dissemination’ of early work in this field
described in a series of papers from Cincinnati Children’s

Hospital and Johns Hopkins.1 2 6 7 13 Recent work has
described this application of ISS for safety work in obstetrics
and neonatology departments.8 10–12

These data provide evidence for the potential impact of this
approach across a diverse set of institutions. Many significant
safety threats were identified through ISS at different pro-
grammes. Most of the respondents reported actions taken to
mitigate LSTs, however, the timeline for solutions was often
protracted. This inefficiency in the mitigation process is repre-
sented in our data in that one-fifth of programmes reported
LSTs that subsequently had a negative impact on actual patients
prior to their mitigation. The lack of a consistent process to
address LSTs identified through ISS may be a contributing factor
to these delays. We propose using techniques such as those
described by Patterson et al1 to collate LSTs and develop action
plans.

In this survey some institutions reported that they are entering
LSTs into their existing quality and safety event reporting system
in order to communicate their findings back to the organisation.
This is the best example of a systems integration approach to
simulation-based quality improvement. ISS programmes should
work towards integrating their efforts into the ongoing quality
and safety initiatives of their organisation, ideally creating a
bidirectional flow of information between organisational safety
structure and the ISS programme.

The identification of an LST through ISS provides the oppor-
tunity to mitigate risk before any harm occurs to a patient and
should be considered a ‘great catch’. Reflecting on our results it
is notable that the diversity of LSTs (table 1) were similar to
those found in a single-centre study.1 These data support the use
of ISS to identify a broad range of safety threats across the
complex healthcare system. Most of the LSTs listed in this table
have the potential to lead to serious safety events with real and
permanent harm. While it is difficult to extrapolate the direct
savings resulting from each of the LSTs identified, it is likely
that there is potential to utilise this type of data to demonstrate
the value on investment of simulation to hospital leadership.
One method used by some respondents to document system
improvement was the repetition of ISS to evaluate if changes
implemented in their system resulted in mitigation of LSTs or
created unanticipated consequences. Repeating ISS and tracking
data on actual patient harm are important methods for measure-
ment that should be explored in future research.

Table 1 Most serious LST identified during ISS at your institution

Medication 1. Labelling errors
2. 1:1000 and 1:10 000 epinephrine in same slot in

code cart
3. Out of stock: mannitol, intravenous fluids, multiple

medications in trauma bay
4. Code book with dosing errors
5. Expired medications
6. Medication errors (ordering and administration)

Missing equipment 7. Cardiopulmonary resuscitation board
8. Defibrillator or component parts (connector,

paediatric pads, plug)
9. Video laryngoscope, laryngoscope blade/handle,

intubation stylet, Glidescope
10. Chest tube tray
11. Thoracotomy tray
12. Obstetric equipment
13. Fire extinguisher in OR

Malfunctioning
equipment

14. Intravenous fluid warmer not functioning
15. Old defibrillator in room that team did not know

how to use (not updated)
Staff 16. Inadequate staffing for full code team

17. Lack of knowledge
18. Lack of procedural skills
19. Specific communication barriers (eg, lack of

closed loop communication)
Communication
infrastructure

20. Pharmacist not being able to hear code alarm
21. Lack of signage to direct teams to code
22. Wrong phone numbers for operating room (OR)
23. Wrong phone numbers for trauma team
24. Overhead paging system performance varies

depending on area of the hospital
25. Voicemail when called the OR to notify trauma

Facility design 26. Locked code cart could not be opened
27. Could not locate code cart
28. Team leader could not see monitor/defibrillator
29. Room too small to move patient out of room

with CPR ongoing
30. Inability to reach code button in ICU
31. Cannot find code button during CPR
32. Negative pressure rooms malfunction (could not

get through locked door to patient)
New facilities 33. Insufficient pressure to give oxygen to support

bag valve mask (BVM) of multiple patients
concurrently in new ED

34. Obstetrics service (OB) could not find
resuscitation bay when opened new ED

35. Supplies not well organised when opened new ED

ED, emergency department; ICU, intensive care unit; ISS, in situ simulation; LST,
latent safety threat.

Table 2 ISS report out distribution and follow-up

Stakeholder
Receives report
out on ISS

Responsible to
follow-up

Unit-based leadership MD±RN 15 19
Front-line providers/participants in
the simulation

5 0

Simulation centre/team 19 14
Division level committee/
leadership: trauma or medical

19 2

Institution level committee/
leadership: quality/safety/risk

18 12

Clinical engineering 5 0
Chief medical officer 6 0
Residency director 2 0
Legal management 8 0
Respiratory 1 0
Pharmacy 3 0

ISS, in situ simulation.
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Future directions
The integration of safety science principles into ongoing simula-
tion experiences has the potential to improve quality and safety.
The first step in this process is codifying the LST events and
prioritising risk. Carayon’s Systems Engineering In Patient
Safety framework is one method that is being explored as a
method to codify events into domains including: tasks, provi-
ders, communication, tools, technology, organisation, environ-
ment and culture.18 19 The Healthcare Failure Modes Effects
Analysis is an alternative method that can be used to triage LSTs
based on their severity and probability.20 These approaches can
help individuals determine the factors that are contributing to
safety threats and to develop a timeline for improvement.

Systems Integration became an area of accreditation for simu-
lation centres through the SSH in 2010 (http://www.ssih.org/
Accreditation) and is defined as “a consistent, planned, collab-
orative, integrated and iterative application of simulation-based
assessment and teaching activities with systems engineering and
risk management principles to achieve excellent bedside clinical
care, enhanced patient safety, and improved metrics across the
healthcare system.” In the authors’ collective experiences imple-
menting ISS into an institution’s culture is challenging and
requires a persistent effort to engage diverse stakeholders
across the system. Existing efforts and experts in quality,
patient safety, safety sciences and risk management should be
integrated into ISS programmes in the design of simulations,
evaluations of performance, and follow-up of LSTs. This work
involves engaging stakeholders from the top-down and
bottom-up throughout the organisation so that ISS becomes an
expected part of the healthcare organisations’ daily work to
provide safe care. When LSTs are identified and mitigated that
information should be celebrated and communicated to both
leadership and front-line providers as a ‘return on investment’
for their participation in or support for the ISS programme.
The findings from this survey should encourage existing simula-
tion programmes to leverage ISS to improve safety. Additionally
these data provide a foundation as the simulation community
works to develop a standardised process for categorising and
rating the severity of LSTs to guide prioritisation of interven-
tions. Bi-directional communication and collaboration between
the simulation programmes and institutional stakeholders
before, during and after ISS will improve the impact of these
programmes on patient outcomes. Simulation experts can
provide input into the feasibility and practicability of ISS as
part of the improvement process. Moving forward, healthcare
organisations’ culture of safety and quality should involve the
application of ISS for testing of systems and training of provi-
ders. Safety scientists such as human factors experts, systems
engineers and other content experts can provide additional
insight into this work.

Limitations
The validity and generalisability of these findings is limited by
the decision to complete this survey at national simulation meet-
ings and completion by only one or two individuals per organ-
isation. This group of respondents may have had intrinsic biases
as a population that attends these conferences and this could
limit the generalisability of their responses. It is likely that many
of the institutions had additional ISS programmes that were not
represented. This may have led to selection bias and under-
represent the use of ISS in specialties that are less likely to
attend this meeting (eg, surgery). In advance of completing the
survey, eligible participants were informed that the survey

related to ISS. This may have led to selection bias for those indi-
viduals working in this area. The survey did not distinguish
between announced and unannounced ISS. This may have
impacted the risk of cancellation and is an area for future
inquiry. As with any survey-based study the validity of the
responses could be limited by recall bias. These data likely over
represent the use of ISS and LST follow-up as recruitment
occurred at an academic simulation meeting in the USA
(although there were attendees from other parts of the world)
and many of the stakeholders at the meeting come from centres
with ‘mature simulation programmes.’ For example, our rate of
54% of programmes using formal reports contrasts with Rosen’s
work reporting that 21% of programmes used formal reports.13

An additional limitation was that the survey did not collect
extensive information on the respondents’ professions or
demographic characteristics. This could lead to an over-
representation or under-representation of specific specialties or
professions that are not an accurate representation of the
diverse simulation community. Lastly, this survey did not
explore participants’ reactions and experiences with ISS as the
respondents were all simulation leaders. Work by Wheeler
assessing ISS participant reactions to ISS events across hospital
settings noted that the simulation had minimal impact on their
work day or their clinical units performance.2 However, partici-
pants’ assessment of psychological safety and the clinical impact
of ISS was not part of this project. This is an important area of
future inquiry.

Conclusions
The use of ISS to identify and mitigate LST is common in this
cross-sectional survey of paediatric simulation programmes.
Diverse processes and organisational structures exist for report-
ing and mitigating LSTs identified in ISS. A more integrated and
systematic approach to ISS and LST could help ensure the miti-
gation of LSTs before they impact patients.
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