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Abstract
Introduction: Simulation offers multiple tools that apply to medical settings, but little is known about the application of simulation 
to pediatric trauma workflow changes. Our institution recently underwent significant clinical changes in becoming an independent 
pediatric trauma center. We used a simulation-based clinical systems testing (SbCST) approach to manage change-associated 
risks. The purpose of this study was to describe our SbCST process, evaluate its impact on patient safety, and estimate financial 
costs and benefits. Methods: SbCST consisted of the following steps: (1) change-based needs assessment, in which stakehold-
ers developed relevant simulation scenarios; (2) scenario implementation; and (3) postsimulation failure mode and effects analysis 
(FMEA) to identify latent safety threats (LSTs). LSTs were prioritized for mitigation based on the expected probability and severity of 
adverse event occurrences. We calculated the costs associated with the simulation process. We conservatively estimated SbCST 
cost savings using 3 approaches: (1) FMEA-based avoidance of adverse events; (2) avoidance of trauma readmissions; and (3) 
avoidance of medical liability lawsuits. Results: We implemented 2 simulation scenarios prechange. FMEA revealed 49 LSTs, of 
which 9 were highest priority (catastrophic severity and high likelihood of occurrence). These were prioritized and mitigated using the 
hospital’s quality/safety framework. Cost-benefit analysis based on FMEA event avoidance demonstrated net cost savings to the 
institution ranging from $52,000−227,000 over the 3-month postchange period. Readmission-based and liability-based estimates 
also produced favorable results. Conclusions: The SbCST approach identified multiple high-impact safety risks and financially ben-
efited the institution in managing significant pediatric trauma clinical process changes. (Pediatr Qual Saf 2022;7:e578; doi: 10.1097/
pq9.0000000000000578; Published online August 26, 2022.)
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INTRODUCTION
Effective clinical workflow processes opti-
mize patient outcomes, enhance regulatory 

compliance, and improve patient and staff sat-
isfaction.1,2 Simulation-based clinical systems 

testing (SbCST) is one approach for evaluat-
ing workflow processes. SbCST uses realis-
tic, in-situ, simulated clinical scenarios to 
identify flaws and hazards in workflows 
and systems of care.3–5 Importantly, it 
differs from other simulation approaches 

that seek to educate or test clinical skills. 
SbCST does not attempt to teach, but rather 

to identify latent safety threats (LSTs), defined 
as medical errors, flaws, and hazards inherent in our 

clinical environments, processes, and systems of care that 
result from faulty methods, training, or strategies that 
impact the well-being of patients and staff.6–8

Once LSTs are identified, they can be better character-
ized and prioritized using failure mode and effects analy-
sis (FMEA), an established tool for investigating failures, 
their etiology, and their consequences.9–12 The utility and 
benefits of FMEA have been recognized by the Agency 
for Healthcare Research and Quality, the Institute for 
Healthcare Improvement, and the Joint Commission. 
Terminology and definitions are provided for reference 
in Table 1.

The utilization of SbCST with its accompanying tools 
allows a systematic, standardized, multidisciplinary 
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evaluation of clinical workflow processes without putting 
actual patients at risk.13–15 Although the SbCST approach 
has been applied to multiple areas of medicine, it has 
not yet found wide application in the field of trauma. 
Pediatric trauma, a field prone to high-acuity but low-fre-
quency clinical management scenarios, may benefit from 
an SbCST approach.

Recently, our institution underwent major changes in 
workflows and processes of care by becoming an indepen-
dent pediatric trauma facility. Before the transition, injured 
children were brought from the field to the adjacent adult 
hospital emergency center (EC). Urgent interventions were 
performed at the adult hospital, a completely separate 
entity. After the transition, injured children were brought 
directly to the children’s hospital EC. Therefore, the major 
process changes involved managing higher acuity, poten-
tially unstable patients from the field, and performing 
emergency procedures in the trauma bay or operating 
room (OR). We used an SbCST approach before the transi-
tion to help optimize workflows and ensure patient safety. 
The aims of this study were (1) to describe the SbCST pro-
cess in a systematic and reproducible fashion as applied to 
pediatric trauma, and (2) estimate the financial impact of 
SbCST on the institution.

METHODS
Study Design
The study was conducted May–November 2019 at a 
free-standing tertiary children’s hospital. The study was 
acknowledged by the institutional review board, but 
approval was not required. Figure 1 depicts a flowchart 
of the SbCST process. During the presimulation change-
based needs assessment, clinical and administrative stake-
holders from multiple departments (trauma/surgery, 
emergency medicine, OR, nursing, respiratory therapy, 
etc.) met with simulation center staff to identify potential 
and anticipated changes in 4 primary areas: (1) patient 
care workflow; (2) roles and responsibilities; (3) tech-
nology and equipment; and (4) environment and design. 
These findings were incorporated into the development of 
2 simulated clinical scenarios for SbCST.

Simulation Environment
The SbCST was implemented in 2 different settings: 
(1) during a regular, fully-staffed busy elective OR day 

and (2) after-hours with minimal staffing. All scenarios 
were conducted in-situ in the following working clinical 
environments: helipad, EC, trauma resuscitation areas 
in the EC, and OR. A high-fidelity mannequin with pro-
grammable vital signs monitor was utilized, allowing 
realistic trauma interventions and actual responses in 
real time.

Participants
Implementation of the SbCST included clinical, opera-
tional, and administrative participants such as pediatric 
trauma surgeons, trauma nurses, anesthesia providers, 
pharmacists, emergency medicine physicians, pediatric 
intensive care unit (PICU), emergency medical services, 
simulation, patient transport, and security. The SbCST 
participant demographics (n = 37) consisted of physicians 
(22%), nurses (24%), ancillary staff (22%), and other 
(most indirect patient care, for example, IT support, lab-
oratory manager, etc; 32%). Thirty-eight clinical observ-
ers, including the blood bank manager, physicians from 
the EC, PICU, medical emergency/code team, infectious 
disease, trauma surgery, anesthesia, or radiology depart-
ments, pharmacists, nursing, IT, and emergency medical 
services, were involved. We briefed participants about 
general simulation goals and expectations via email. 
However, the actual time and details of the event were 
unannounced. Observers underwent a standard presim-
ulation briefing.

Simulation Scenarios
The first scenario involved a 3-year-old involved in a 
motor vehicle accident who presented with a femur frac-
ture and hypovolemic shock. This patient required fluid/
blood resuscitation in the EC and surgical intervention 
during peak work hours. The second scenario involved a 
7-year-old presenting with a gunshot wound. This patient 
required emergent transfer to the OR with activation of 
the massive transfusion protocol, all within the low-re-
source setting of the night shift. Appendix A, Supplemental 
Digital Content, which shows full scenario details http://
links.lww.com/PQ9/A387, http://links.lww.com/PQ9/
A388 [link to online content].

Debriefing
A 60−90 minute debriefing session immediately followed 
each SbCST to acquire feedback from participants and 

Table 1. Terminology and Definitions

Abbreviation Term Definition 

SbCST Simulation-based clinical 
systems testing

Use of realistic, in situ, simulation scenarios to identify weaknesses and hazards in clinical workflows and 
systems of care.

LST Latent safety threat A hazard to patients and staff that is inherent in clinical environments and workflow processes. These 
hazards result from faulty methods, training, or strategies. They typically become evident only under 
certain circumstances (ie, when “the holes in the swiss cheese line up”).

FMEA Failure modes and 
effects analysis

A tool initially developed by the aerospace industry for investigating failures, their etiologies, and their con-
sequences. The tool has been adapted for healthcare by the Institute for Healthcare Improvement. It 
quantifies a process failure’s severity and probability of recurrence, allowing prioritization for mitigation.

http://links.lww.com/PQ9/A387
http://links.lww.com/PQ9/A387
http://links.lww.com/PQ9/A388
http://links.lww.com/PQ9/A388
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observers. This debriefing was led by a trained simulation 
educator using a scripted debrief guide developed from 
the initial needs assessment workshop. During these ses-
sions, participants and expert observers reviewed all feed-
backs and identified potential LSTs related to resources, 
environment, process and workflows, and clinical care. 
Participants and observers were provided with other ave-
nues for unscripted feedback if they could not participate 
due to work responsibilities.

Outcomes
FMEA meetings were held approximately 2 weeks 
after each SbCST and facilitated by a trained simula-
tion educator. At separate FMEA meetings after each 
SbCST, observer and participant stakeholders, depart-
mental and hospital safety champions, and trauma 
program leadership reviewed debriefing feedback and 
each LST using the FMEA toolkit (Table 2). Quality and 
safety professionals included hospital-employed regis-
tered nurses and administrators whose responsibilities 
included process improvement and root cause analy-
ses for adverse events. Their professional credentials 
included advanced degrees and extensive experience in 
patient safety and quality. The severity and probability 
of occurrence of each LST were scored by consensus 
with the established FMEA rubric on a Likert scale of 
1–4, with severity ranging from minor to catastrophic 
and probability ranging from remote to frequent. These 
severity and probability scores were multiplied to assign 
the LST an overall risk priority number. For example, a 
threat that was both catastrophic and frequent would 
receive a risk priority number of 4 × 4 = 16, indicating 
the highest priority for mitigation. Scoring discrepan-
cies were resolved by further discussion, and consensus 
was achieved in all cases. Following the FMEA meeting, 
relevant participants developed action plans to reme-
diate the LSTs, focusing on those with the highest risk 
priority numbers.

We analyzed financial costs and benefits associated 
with SbCST. Personnel costs were calculated by iden-
tifying each participant and the amount of their time 
required to participate in the SbCST. Subsequently, 
each employee’s time was multiplied by their hourly 
pay rate. Equipment, facility, and other miscellaneous 
resource costs were provided by the simulation center. 
Mitigation strategies for LSTs were developed outside 
the simulation environment by the relevant clinical 
departments, in conjunction with the hospital quality 
and safety department. Mitigation strategy develop-
ment and implementation were not included in the cost 
model because these strategies fell within the hospital’s 
existing fixed costs.

There is no universally accepted method for estimat-
ing financial benefits of SbCST in introducing a new pro-
cess.16,17 We attempted to follow the 6-point approach 
proposed by Schmidek and Weeks18 for evaluating finan-
cial return on investment related to patient safety ini-
tiatives. A key element of this approach is addressing 
uncertainties by using multiple outcomes and varying 
assumptions (ie, sensitivity analyses). We modeled vali-
dated outcomes, covering several related domains: patient 
safety, clinical, and medicolegal.19 For each outcome 
method, a conservative range of assumptions was used to 
allow for robust sensitivity analysis.

The first method used the FMEA described previously. 
The FMEA rubric is an established tool in the patient 
safety/quality space, and its successful integration into 

Fig. 1. Flowchart of SbCST process.
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SbCST has been previously described.20 It was also 
the tool with which the authors had the most experi-
ence. Each LST scored in the FMEA had an expected 
frequency of adverse event occurrence, and a range of 
expected costs the institution would be expected to 
bear each time the associated adverse event occurred.13 
Similar individual LSTs were grouped together as much 
as possible to eliminate redundancy and create a parsi-
monious list of LSTs. For each of these LSTs, the number 
of events expected to occur during the first 3 months 
after the new process go-live date was determined based 
on the expected baseline rate and the expected percent 
reduction in event rate. The expected reduction is not 
only from a general heightened awareness, but also from 
involving the hospital’s existing quality/safety processes 
to target the threats. LSTs identified with SbCST were 
treated as “real-world” near-misses or actual patient 
harm events. Previous studies have shown simulation-re-
lated reductions in adverse event rates of up to 100%.21 
Expected percent reduction was conservatively esti-
mated at 25%. An even more conservative 10% reduc-
tion was also evaluated. The minimum expected cost 
associated with each event occurrence was multiplied by 
the expected number of events avoided. The expected 
cost savings associated with adverse event avoidance 
during this 3-month time period were added together to 
estimate a total financial benefit.

The second method approximated cost savings based 
on avoidance of trauma readmissions. The degree to 
which readmissions result in direct incremental costs 
to the institution is difficult to quantify, but they are 
likely to produce disproportionate financial losses for 
children’s hospitals.22–25 Unplanned hospital readmis-
sions occur after 5%−25% of admissions for trauma 
and are associated with in-hospital adverse events.26–28 
Simulation-based quality improvement initiatives are 
associated with reductions in readmissions from 12% to 
50% below the baseline readmission rate.29,30 Our calcu-
lation was based on the following assumptions derived 
from historical data: 450 trauma admissions/y with a 
10% unplanned readmission rate. Reductions in read-
missions were conservatively estimated between 15% 
and 25%. Cost per readmission after injury was derived 
from published data.31 Cost savings over the 3-month 
period were calculated based on 15% and 25% reduc-
tion estimates.

The third method estimated cost savings by avoidance 
of medical malpractice claims. The cost savings associ-
ated with circumventing a single medical malpractice 
suit were calculated based on previous published studies 
of average costs per malpractice claim, relationships of 
adverse events to claims, and simulation-related reduc-
tions in claims.32–37 The costs and savings associated 
with the SbCSTs were normalized to 2019 US dollars 
using the US Department of Labor calculator.38 The 3 
estimation methods described were compared in tabular 
form.Ta
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RESULTS
The SbCSTs yielded 49 LSTs, 38 of which scored 8 or 
above (high priority) on the FMEA scale. The LSTs were 
grouped into 4 categories: systems (n = 29, 59%), clini-
cal performance (n = 11, 22%), resources (n = 5, 10%), 
and facilities (n = 4, 8%). Nine LSTs scored 16, indicating 
highest severity and most frequent probability of occur-
rence. These highest-priority LSTs and their mitigation 
strategies are summarized in Table 3.

The analysis of the financial impact of SbCSTs is pre-
sented in Table 4. All FMEA-based methods showed cost 
savings, with a minimum of $52,138 and maximum of 
$227,138 saved, depending on the assumptions used. 
The readmission-based methods showed a range of 
financial impacts depending on the assumptions used, 
from 3-month costs of $976 under the most conservative 
assumptions to 3-month savings of $9967 under less con-
servative assumptions. Medicolegal liability-based meth-
ods showed substantial cost savings when at least 1 event 
was avoided.

DISCUSSION
This study describes a systematic utilization of simulation 
tools to identify and mitigate potential threats to trauma 
patient safety in the setting of major pediatric trauma 
center workflow changes. Rather than identifying LSTs 
reactively via morbidity/mortality conferences or root 
cause analyses of adverse patient events, SbCST allowed 
a proactive approach. Our study builds on previous work 
showing a framework by which SbCST and associated 
tools can be combined systematically and integrated with 
existing hospital quality and safety initiatives. This study 
is novel in its practical application of SbCST to pediat-
ric trauma workflow. Another unique aspect of this study 
is the demonstration of favorable cost-benefit calculus 

for the SbCST approach in managing pediatric trauma 
workflow changes. With increasing economic constraints, 
trauma centers may find their simulation resources threat-
ened. Studies such as ours help communicate the “bottom 
line” financial benefits of simulation and justify maintain-
ing these important resources.

This comprehensive SbCST approach was in line with 
previous work by Colman et al,14,15 Nielsen et al,13 Adler 
et al,39 and Geis et al,40 who employed these techniques in 
their evaluation of LSTs arising from the development of 
novel healthcare institutions. This methodology has yet to 
gain broad traction in the healthcare arena, as these tools 
are often deemed too complex, time-consuming, and/or 
expensive. Various components of simulation have been 
applied successfully to patient safety,4 operational read-
iness,41 multidisciplinary teamwork,42 and skills train-
ing in critical scenarios such as adult trauma,43 pediatric 
emergency departments,44 and rapid responses.45 FMEA 
has been used in the evaluation of radiation and chemo-
therapy implementation,10 and communication during 
transplantation.6 However, given the bewildering array 
of simulation tools and approaches, systematically link-
ing appropriate tools into a comprehensive whole can be 
challenging.

We did find that the SbCST approach required a sig-
nificant commitment of time and human effort. Planning 
required consideration of communications, reports, and 
human and facility resources. The multidisciplinary 
nature of the SbCST scenarios meant that their imple-
mentation needed extensive coordination among clinical 
departments. Simulation center staff led the planning, 
implementing, and debriefing phases with extensive par-
ticipation from front-line clinicians. The resultant LSTs 
highlighted issues in resources, systems, facilities, and 
clinical performance. Most were high priority, requir-
ing immediate attention and improvement to prevent 

Table 4. Estimated Costs versus Savings Related to Simulation-based Clinical Systems Tests for Initial 3-month Period 
after New Process Adoption

Costs or Savings Item 
Amount,  

2019 US Dollars 
Savings Minus Costs  

(Estimated Net Savings), 2019 US Dollars 

Costs
 Personnel: planning $2493 —
 Personnel: implementation $11,984 —
 Personnel: debriefing $2482 —
 Personnel: FMEA $2482 —
 Simulation center resources—day 1 $1921 —
 Simulation center resources—day 2 $1500 —
 Total costs $22,862 —
Savings
 FMEA-based
  10% risk reduction, all highest-priority LSTs (n = 8)* $100,000 $77,138
  25% risk reduction, all highest-priority LSTs (n = 8) $250,000 $227,138
  10% risk reduction, resource/system LSTs only (n = 6) $75,000 $52,138
  25% risk reduction, resource/system LSTs only (n = 6) $187,500 $164,638
 Readmission-based
  15% risk reduction (avoidance of 2 readmits over 3 months) $21,886 ($–976)
  25% risk reduction (avoidance of 3 readmits over 3 months) $32,829 $9,967
 Medical malpractice liability-based
  Avoidance of 1 event $135,994 $113,132
  Avoidance of 2 events $265,613 $242,751

*See Table 2 for full list of highest priority LSTs.
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miscommunication, delayed care, staff dissatisfaction, 
and/or patient harm. Moreover, since greater than half 
were systems issues surrounding notifications and delays, 
the majority were straightforward and easy to rectify. 
We found that having hospital patient safety officers and 
departmental safety champions participating in the FMEA 
was important because potentially catastrophic LSTs “got 
their attention.” The hospital’s quality and safety person-
nel could then take an active role in implementing action 
plans. The specifics of each action plan depended on the 
nature of the LST. For example, the issue involving the 
OR staff being locked out of the Pyxis could be solved 
by a simple process change (setting up automatic over-
ride for trauma cases) and staff education regarding the 
location of the physical override key. The OR nursing 
staff problem required more complex nursing leadership 
intervention. This did not involve hiring new staff, but 
rather modifying policies to better utilize existing staff. 
In summary, we found that SbCST brought attention to 
LSTs, allowing them to be prioritized and fixed within the 
hospital’s existing quality and safety framework.

We learned specific lessons from our application of 
SbCST to pediatric trauma workflow. First, simulations 
must be performed in the actual trauma patient care envi-
ronment and unannounced (as for real trauma alerts) to 
achieve the goal of SbCST. The risk of in situ simulation 
disrupting real-world patient care can be overcome with 
careful planning and communication. Second, front-line 
trauma clinicians must be involved in all phases of the 
SbCST to keep the process anchored to clinical reali-
ties. However, simulation workflows can involve lengthy 
prebriefs and debriefs that may not be feasible for busy 
front-line clinicians. Simulation personnel may need to 
modify workflows to facilitate clinician participation. 
Third, scenario observers should be minimized, to avoid 
hampering each other’s observations and the participants’ 
performances. However, hospital quality/safety personnel 
should observe the scenarios firsthand if possible.

Since there is a paucity of published literature on 
the cost-effectiveness of trauma simulation to identify 
and mitigate patient safety risks, comparative stud-
ies and established analysis methods were lacking.46 
Nevertheless, the described financial analysis in this study 
demonstrated that the SbCST was cost-effective, result-
ing in substantial cost savings by all estimation methods 
and assumptions except one. Even that outlier, which 
assumed a 15% reduction in readmissions and no other 
benefits, could be considered essentially budget neutral, 
resulting in net costs of less than $1000 over 3 months. 
The FMEA-based cost analysis method stemmed from an 
established, validated quality improvement tool and esti-
mated cost savings to the institution of at least $52,000. 
These findings are consistent with previous studies of 
simulation-based training that have shown substantial 
cost savings.47,48

Our findings must be interpreted in the context of 
some limitations. All in-situ simulations suffer from 

some artifacts of the controlled environment and may 
not accurately capture clinical workflows. Only 2 simu-
lation scenarios were used to test specific key workflow 
changes; they could not comprehensively test all changes. 
Observation bias and recall bias may have affected the 
observers and participants. However, we found that time 
constraints of patient care did not allow busy clinicians 
to participate in a prolonged combination debriefing/
FMEA scoring meeting after each simulation. The time 
interval between event and FMEA allowed adequate 
time for compilation and organization of feedback. The 
consensus-based nature of FMEA may make it prone 
to cognitive biases. The generalizability of this study to 
other centers is unclear, as clinical processes and simula-
tion resources vary by institution. However, all hospital 
systems, and trauma centers, in particular, share many 
common features that would be expected to make this 
framework broadly applicable. Due to the lack of vali-
dated precedent for financial analysis in this setting, the 
cost-benefit analysis was mostly theoretical. However, 
this lack of precedent also highlights the need for novel 
studies that address simulation cost-benefit questions. All 
approaches yielded qualitatively similar results.

In conclusion, SbCST was a successful, cost-effective 
tool for managing significant clinical process changes in 
transitioning to an independent pediatric trauma cen-
ter. By describing our process and its financial costs and 
benefits in detail, we hope that other trauma centers will 
make use of these valuable tools and better communicate 
the value of simulation to their leadership teams. Future 
studies should explore ways to optimize simulation tools 
for trauma and integrate them into the fabric of facility 
operations.
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