Canadian Journal of Emergency Medicine (2021) 23:54-62
https://doi.org/10.1007/543678-020-00011-9

ORIGINAL RESEARCH q

Check for
updates

The clock is ticking: using in situ simulation to improve time to blood
administration for bleeding trauma patients

Alice Gray'** . Lucas B. Chartier'? - Katerina Pavenski** - Melissa McGowan® - Gerald Lebovic®” -
Andrew Petrosoniak'~®

Received: 5 May 2020 / Accepted: 25 September 2020 / Published online: 15 December 2020
© Canadian Association of Emergency Physicians (CAEP)/ Association Canadienne de Médecine d'Urgence (ACMU) 2020

Abstract

Introduction Massive hemorrhage protocols are widely used to facilitate the administration of blood components to bleeding
trauma patients. Delays in this process are associated with worse patient outcomes. We used in situ simulation as a novel
and iterative quality improvement technique to reduce the mean time between massive hemorrhage protocol activation and
blood administration during actual trauma resuscitations.

Methods We completed monthly, risk-informed unannounced in situ trauma simulations at a Canadian Level 1 trauma centre.
We identified three major latent safety threats: (1) massive hemorrhage protocol activation; (2) transport of blood compo-
nents; and (3) situational awareness of team members. Process improvements for each latent safety threats were tested and
implemented during subsequent in situ simulation sessions. We evaluated the effect of this simulation-based intervention on
the care of patients before, during and after the intervention. Demographic, clinical and massive hemorrhage protocol data
were collected. The primary outcome was mean time between massive hemorrhage protocol activation and blood adminis-
tration during actual trauma resuscitations as analyzed using a two-sample 7 test.

Results Each group was similar in demographic and injury characteristics. The time from massive hemorrhage protocol
activation to blood administration decreased from 11.6 min pre-intervention to 9.1 min post-intervention. This represented a
significant reduction (2.5 min, 95% confidence interval, 0.03-5.08) following the in situ simulation-based quality improve-
ment intervention.

Conclusions A comprehensive, in situ simulation-based quality improvement project was associated with a significant reduc-
tion in the mean time between massive hemorrhage protocol activation and blood administration among injured patients.
In situ simulation represents a novel approach to the identification and mitigation of latent safety threats during massive
hemorrhage protocol activation.
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Résumé

Introduction Les protocoles d’hémorragie massive sont largement utilisés pour faciliter I’administration de composants
sanguins aux patients souffrant de traumatismes hémorragiques. Les retards dans ce processus sont associés a de pires résu-
Itats pour les patients. Nous avons utilisé la simulation in situ comme une technique novatrice et itérative d’amélioration de
la qualité pour réduire le temps moyen entre 1’activation du protocole d’hémorragie massive et I’administration de sang lors
des réanimations de traumatismes réels.

Les méthodes Nous avons effectué des simulations mensuelles de traumatismes in situ, sans préavis et en tenant compte des
risques, dans un centre de traumatologie de niveau 1 au Canada. Nous avons identifié trois grandes menaces latentes pour la
sécurité : 1) I’activation du protocole d’hémorragie massive ; 2) le transport de composants sanguins ; et 3) la connaissance
de la situation des membres de 1’équipe. Des améliorations de processus pour chaque menace latente a la sécurité ont été
testées et mises en ceuvre lors de séances de simulation in situ subséquentes. Nous avons évalué I’effet de cette intervention
basée sur la simulation sur la prise en charge des patients avant, pendant et apres 1’ intervention. Des données démographiques,
cliniques et de protocole d’hémorragie massive ont été recueillies. Le critére de jugement principal était le temps moyen entre
I’activation du protocole d’hémorragie massive et 1’administration de sang pendant les réanimations traumatiques réelles,
tel qu’analysé a 1’aide d’un test t a deux échantillons.

Résultats Chaque groupe était similaire en termes de caractéristiques démographiques et de blessures. Le temps entre
I’activation du protocole d’hémorragie massive et I’administration de sang est passé de 11,6 minutes avant I’intervention a
9,1 minutes apres I’intervention. Cela a représenté une réduction significative (2,5 minutes, intervalle de confiance de 95%,
0,03 4 5,08) suite a I’intervention d’amélioration de la qualité basée sur la simulation in situ.

Conclusions Un projet exhaustif d’amélioration de la qualité basé sur une simulation in situ a été associé a une réduction
significative du temps moyen entre 1’activation du protocole d’hémorragie massive et I’administration de sang chez les
patients blessés. La simulation in situ représente une nouvelle approche pour ’identification et I’ atténuation des menaces
latentes pour la sécurité lors de 1’activation du protocole d’hémorragie massive.

Clinician’s capsule patients as it results in improved clinical outcomes and
patient survival [2]. This approach prioritizes early, ratio-
based, blood component administration and prompt defini-
tive hemostasis. Many of these patients require a massive
transfusion, typically defined as > 10 units of packed red

blood cells (PRBCs) in 24 h [3]. Massive hemorrhage pro-

What is known about the topic?
The timely administration of blood is linked closely
to the survival of bleeding trauma patients.

What did this study ask?

Can in situ simulation identify delays and improve
the timely administration of blood for patients requir-
ing massive transfusions?

What did this study find?

In situ simulation was associated with a 21% relative
reduction in the time between massive hemorrhage
protocol activation and blood component administra-
tion.

Why does this matter to clinicians?

Simulation as a technique to improve time to blood
component administration may positively impact sur-
vival among bleeding patients.

Introduction

Hemorrhage remains the leading cause of preventable
death after trauma [1]. Damage control resuscitation is
now the preferred strategy to manage hemorrhaging trauma

tocols facilitate the transport and administration of large
volumes of blood components resulting in improved sur-
vival and reductions in multisystem organ failure, blood
component wastage and transfusion-related complications
[4-7]. A key metric of massive hemorrhage protocol per-
formance is the time between protocol activation and blood
component administration [8]. Delays to blood component
administration are associated with worse patient outcomes,
highlighting the importance of optimizing the blood deliv-
ery process [9].

A massive hemorrhage protocol is a multi-step process
with a coordinated effort among a multi-disciplinary team of
transfusion medicine, core laboratory, logistical, and clinical
staff [3]. Its inherent complexity increases the potential for
errors or delays that may lead to a negative impact on patient
outcomes. The evaluation of system-based safety threats and
barriers to efficient blood administration following massive
hemorrhage protocol activation is a crucial step in the care
of bleeding trauma patients.

In situ simulation is simulation that occurs within the actual
clinical workspace. It provides a unique opportunity to diag-
nose gaps in system-based and process issues [10]. These

&\ Springer Sﬂl@ CAEP | ACMU



56

Canadian Journal of Emergency Medicine (2021) 23:54-62

hazards, labelled as latent safety threats, represent “system-
based threats to patient safety that can materialize at any time
and are previously unrecognized by healthcare providers” [11].
The real-life applicability of in situ simulation allows simula-
tion facilitators to recreate high-stakes situations and thereby
predictably expose potential latent safety threats [12, 13].

We used in situ simulation as a novel, prospective, quality
improvement method to identify opportunities and change
our processes to reduce the time between massive hemor-
rhage protocol activation and blood component adminis-
tration. We evaluated the effect of this simulation-based
intervention on the care of patients before and after its
implementation. Specifically, we compared the mean time
between massive hemorrhage protocol activation and blood
component administration before and after an in situ simu-
lation-based quality improvement intervention.

Methods
Setting and patients

We conducted this study at a Canadian Level 1 trauma center
with approximately 80,000 emergency department (ED) vis-
its and 1100 trauma team activations, annually. This study
was reviewed and approved by the St Michaels Hospital
Research Ethics Board (REB # 16-304).

All trauma patients were prospectively included in our
local trauma registry. Data collection and management

were overseen by a dedicated trauma research nurse. We
performed a retrospective analysis of trauma patients requir-
ing massive hemorrhage protocol activations from Jan 2014
to Dec 2017 identified in our trauma registry. We divided
this study into three phases: (1) pre-intervention (January
2014-July 2015), (2) intervention (August 2015-July 2016)
and (3) post-intervention (Aug 2016 to July 2017), which
represented approximately 12 months before, during and
after the completion of the in situ simulation-based quality
improvement intervention, respectively. Given the in situ
simulation intervention spanned 12 months, we planned to
compare with one year before and one year after, expect-
ing an approximately equal number of massive hemorrhage
protocol activations for each time interval. We extended the
pre-intervention phase to 18 months due to a limited number
of massive hemorrhage protocol activations identified.

Inclusion and exclusion criteria

All trauma patients > 18 years of age during the study
period who required massive hemorrhage protocol and
received their first blood component in the trauma bay
were eligible for inclusion. We excluded patients who
were declared dead before blood component administra-
tion and who received their first blood component after
leaving the trauma bay (e.g., operating room). All charts
were reviewed by one author (AG) to determine study eli-
gibility. A second physician (AP) independently reviewed
10% of all charts and with complete agreement, none

Table 1 Massive hemorrhage protocol latent safety threats and process improvement strategies

LSTs identified LST details

Process improvement strategies

MHP activation process
at the time of MHP activation

Nurses made one call to initiate MHP (to blood bank)
and frequently forgot the 2nd call to hospital locat-
ing, resulting in a delay for the porter to arrive

Transport of blood components Measured time from MHP activation to blood admin-
istration: 18 and 23 min (in two simulations)

ISS debriefs uncovered that porters were using vari-

Nurses repeatedly described a feeling of task overload Switch to a single-call system to reduce cognitive load

Only one call required to hospital locating, who then
initiated a page to the portering team and forwarded
the phone call to the blood bank

Classification of intervention: Automation

Establish the preferred route between the trauma bay
and the blood bank
Classification of intervention: Standardization

able routes between the trauma bay and blood bank

Situational awareness related to Direct observation and simulation debriefings
revealed a lack of situational awareness between the
clinical and porter team related to blood component

blood component transport

arrival

Portering teams expressed lack of awareness about
the importance regarding the need for timely deliv-
ery of blood components to trauma patients

Implementation of a porter stop with signage in the
trauma bay to standardize the location for porter staff
to wait

Porter staff received education to announce their arrival
“Porter is here”. This empowered them that their
presence was critically important to facilitate blood
component transport. This visual cue also served as
a reminder for the nurses to look to that spot for the
porter team member. An updated educational pro-
gram for porters was initiated that emphasized their
important role during an MHP

Classification of intervention: Standardization and
education

ISS in situ simulation, LST latent safety threats, MPH massive hemorrhage protocol
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Fig. 1 Hierarchy of intervention effectiveness

were deemed ineligible. To further ensure we captured
all eligible patients, we reviewed all massive hemorrhage
protocol trauma activations from our institutional transfu-
sion medicine database and no additional patients were
missed.

Summary of massive hemorrhage protocol
before in situ simulation-based quality
improvement interventions

1. The massive hemorrhage protocol was activated at the
discretion of the trauma lead physician who communi-
cated this to the trauma team.

2. A trauma team nurse made two calls: first to notify the
transfusion medicine laboratory of the need for massive
hemorrhage protocol, and second to hospital locating to
request a porter for blood component transport.

3. The porter arrived in the trauma bay to gather requisi-
tion forms with patient identifiers and brought this to the
transfusion medicine laboratory which released the first
cooler of blood components.

4. The porter transported the blood components to the
trauma bay, where two nurses checked the blood com-
ponents before administration.

5. Blood components continued to be released in a 1:1:2
ratio (fresh frozen plasma units:dose of platelets:red
blood cell units) until the most responsible physician
terminated the protocol.

In situ simulation-based quality improvement
intervention

In July 2015 we began the TRUST (Trauma Resuscitation
Using in Situ simulation for Training) study, and a full
description of the protocol is published elsewhere [14]. The

study involved 12 monthly, risk-informed unannounced
in situ simulation scenarios for the on-call trauma team.
After the first two simulation scenarios requiring massive
hemorrhage protocol activations, we identified three high-
risk latent safety threats related to the protocol. We reviewed
the process supported by video evidence through a human
factors perspective and developed process improvement
strategies that we tested using simulation before imple-
mentation with patients (Table 1). A total of eight in situ
simulation sessions required massive hemorrhage protocol
activation though it was a primary objective in only four ses-
sions. We notified ED and hospital personnel involved in the
massive hemorrhage protocol (including study participants)
of identified latent safety threats and subsequent protocol
changes via team meetings, intra-departmental huddles,
educational sessions and email notifications. We devised
these strategies in keeping with the hierarchy of interven-
tion effectiveness (Fig. 1), which suggests that interventions
focused on system-level changes, in contrast to those reliant
on individuals’, are more likely to result in change [15]. A
potentially more convenient solution would be a blood com-
ponent containing fridge but this was not feasible within our
institution throughout the study period.

Data collection/analysis

We used a standardized data collection form to extract
demographic, clinical and time metric data for all patients
who met inclusion criteria. We defined the primary outcome
as the time between massive hemorrhage protocol activation
and blood component administration and compared these
findings before and after an in situ simulation-based quality
improvement initiative. We selected this outcome as it is
listed as a key performance indicator by the American Col-
lege of Surgeons trauma transfusion quality improvement
program [9]. One study author (AG) manually reviewed all
of the nursing documentation for both massive hemorrhage
protocol activation and blood administration times. In cases
where documentation was lacking, we used data from the
transfusion medicine paper registry. When neither the nurs-
ing chart nor transfusion medicine data indicated the time of
protocol activation, we used the time of patient arrival in the
trauma bay. A senior author (AP) reviewed all charts which
contained discrepancies in documentation between the trans-
fusion medicine database and trauma registry. Together both
reviewers came to a consensus regarding patient inclusion in
the study and time measures.

Descriptive statistics were performed. Univariate tests of
interests were compared across groups using an ANOVA
or Kruskal Wallace test as appropriate for continuous data
and Chi-square tests (or Fisher exact tests as necessary)
for categorical data. A two-sample t test with pooled vari-
ance was used to analyze the primary outcome defined as
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Fig.2 Summary of study eligible patients

the time between massive hemorrhage protocol activation
and blood component administration with a comparison
of the pre-intervention and post-intervention period. To
compare the proportion of cases that met recommendations
that blood components be available within 10 min between
study phases, odds ratios were used [9, 16]. A two-sided sig-
nificance level of 0.05 was used to assess statistical signifi-
cance. Statistical analysis was performed using Excel 2015
(Microsoft Corp., Redmond, WA) and R software (https://
www.R-project.org). The run chart was generated following
typical processes and evaluated for run chart rules according
to accepted principles [17, 18].

Results
Simulation outcomes

To ensure our process improvement strategies worked as
intended, we tested, using in situ simulation, our updated
massive hemorrhage protocol integrated with the process
improvement strategies listed in Table 1. We observed
a mean decrease in time between protocol activation and
blood component administration from 20.5 to 10.25 min
(difference of 10.25 min, 95% CI 3.1-17.4). We updated
our original institutional massive hemorrhage protocol to
include these changes and we integrated it into clinical care
in August 2016.

&)\ Springer g{:@ CAEP | ACMU

Clinical outcomes

We reviewed 185 patient records for eligibility during the
3-year study period, and 145 patients met inclusion crite-
ria (Fig. 2). Massive hemorrhage protocol activation times
were missing from the nursing documentation in 12 pre-
intervention, 28 intervention and 15 post-intervention charts.
We used data from our blood bank in 7 pre-intervention,
10 intervention and 7 post-intervention charts while patient
arrival time was used as massive hemorrhage protocol acti-
vation time in 5, 18 and 8 cases, respectively.

We excluded patients if they first received blood in the
operating room (massive hemorrhage protocol OR, n=6),
the intensive care unit (massive hemorrhage protocol ICU,
n=1), or in diagnostic imaging (massive hemorrhage
protocol CT, n=2). We excluded patients if the time of
blood administration was not documented (n=17) includ-
ing 2 from the pre-intervention, 10 from the intervention
and 5 from the post-intervention groups. Additionally, we
excluded patients when the massive hemorrhage protocol
was activated but that clinical documentation explicitly
stated that blood was never administered (n=14). Each
group was similar in demographic data, trauma characteris-
tics and injury severity score (Table 2). Two exceptions were
the number of nurses in the trauma bay and the post-trauma
bay disposition.

The primary outcome, the mean time between mas-
sive hemorrhage protocol activation and blood component
administration, decreased from 11.6 min pre-intervention
to 9.1 min post-intervention. This represents a significant
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Table 2 Summary of patient Characteristics Pre-intervention (N=41) Intervention (N=54) Post- p value
demographics intervention
(N=50)
Age (years)—mean (range) 46.9 (18-88) 43.8 (18-84) 41.2 (18-80) 0.41
Male (n) 75.6% (31) 72.2% (39) 70% (35) 0.84
ISS score—mean (range) 31.0 (4-75) 31.2 (4-75) 294 (1-75)  0.76*
Time of trauma activation (n)
Mon-Fri 73.1% (30) 63.0% (34) 62.0% (31) 0.47
8am-—5 pm 34.1% (14) 38.9% (21) 32.0% (16) 0.75
Trauma type (n) 0.26
Blunt 53.6% (22) 64.8% (35) 70.0% (35)
Penetrating 46.3% (19) 35.2% (19) 30.0% (15)
Nurses in TB—mean (range) 2.9 (1-5) 3.4 (2-7) 3.3 (2-5) 0.04*
Arrival type (n) 0.70
Direct 70.7% (29) 72.2% (39) 78.0% (39)
Referring 29.3% (12) 27.8% (15) 22.0% (11)
Arrival mode (n) 0.16*
Land 70.7% (29) 81.5% (44) 64.0% (32)
Air 26.8% (11) 18.5% (10) 36.0% (18)
Walk-in 2.5% (1) 0% (0) 0% (0)
Patient disposition (1) 0.002%3*
OR 46.3% (19) 48.1% (26) 24.0% (12)
ICU 36.6% (15) 46.3% (25) 58.0% (29)
Ward 2.5% (1) 0% (0) 8.0% (4)
Death 14.6% (6) 5.6% (3) 10.0% (5)
Death within hospital stay (n) 39.0% (16) 29.6% (16) 34.0% (17) 0.92
Death within 24 h (n) 34.1% (14) 24.1% (13) 20.0% (10) 0.45
Red blood cells administered—mean number of units (range)
InTB 5.6 (1-42) 5.1 (1-15) 4.9 (1-27) 0.77
Total 10.9 (1-42) 13.4 (1-81) 10.7 (1-36)  0.37

1SS injury severity score, 7B trauma bay, OR operating room, /CU intensive care unit

*p values calculated using non-parametric methods

**Calculated using Fisher exact test
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Fig.3 Run chart of time to blood component administration from MHP activation throughout the study period. MHP massive hemorrhage pro-
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relative reduction of 21% (2.5 min, 95% CI, 0.03-5.08,
p=0.047) sustained over one year following an in situ sim-
ulation-based quality improvement intervention. During the
intervention, the mean time between massive hemorrhage
protocol activation and blood component administration was
10.4 min. A run chart (Fig. 3) illustrates the time to blood
component administration throughout the study period. The
median time decreases from 10 min in the pre-intervention
to 9.5 min in the intervention and to 8 min in the post-inter-
vention phase. Rules are met in each of the study phases: one
shift above median (i.e. longer time) in the pre-intervention
phase; one shift above and one shift below the median as
well as a trend going up (i.e. increased time) in the inter-
vention phase; and one shift below the median in the post-
intervention phase.

There was no difference in the proportion of patients who
received blood components in less than 10 min from the
time of protocol activation between the post-intervention and
pre-intervention (OR 1.26, 0.55-2.85, p=0.59), intervention
and pre-intervention (OR 0.54, 0.23-1.28, p=0.16) or post-
intervention and intervention (OR 0.68, 0.31-1.53, p=0.36).

Discussion

We applied a novel in situ simulation-based quality improve-
ment process to improve blood component administration
for bleeding trauma patients resulting in a sustained 21%
(2.5 min) mean reduction in time between massive hemor-
rhage protocol activation and blood component administra-
tion. While a reduction of 2.5 min may not seem substantial,
one study found a 5% increased odds of death associated
with every minute delay to blood product delivery [9].
Extrapolating these findings to our study would suggest that
our initiative could have been associated with a reduction
of > 10% odds of death for patients requiring blood com-
ponents. Optimizing this complex process is essential and
directly impacts patient outcomes.

Medical errors are frequently attributed to breakdowns
in the coordination of staff availability, team interaction,
equipment design, inter-departmental coordination, and
task complexity [19, 20]. Many of these elements exist
within a massive hemorrhage protocol and as such, efforts
to closely scrutinize each step is essential [21]. In situ simu-
lation, a workplace-based simulation technique, is increas-
ingly recognized as a means to identify latent safety threats
[22-25] and that regular in situ simulation is associated with
improved cardiac arrest survival [26-28]. While these data
sets are observational and limit causal conclusions, it likely
represents a signal that in situ simulation as a technique can
impact patient outcomes. The application of in situ simula-
tion to improve trauma care, however, includes only a few

&)\ Springer gﬁ% CAEP | ACMU

studies linking in situ simulation training with improved
trauma team performance [29-31].

In our study, we used in situ simulation to identify mas-
sive hemorrhage protocol-related latent safety threats and to
pilot improvement efforts before clinical implementation.
This can be described as “crash testing” the system, akin to
how car manufacturer’s test a vehicle’s response in a colli-
sion and modify designs in a controlled environment [11].
Using a combination of direct observation and participant
feedback, we identified latent safety threats and inefficiencies
that existed within our institution’s massive hemorrhage pro-
tocol. For example, while nurses had informally described
the challenges with making two phone calls to activate the
protocol, our study highlighted through direct observation
how task overloaded they were during a high-stakes trauma
resuscitation. This provided the necessary evidence to our
institution’s administrative team to initiate process changes.
Following the hierarchy of intervention effectiveness, we
made modifications that followed principles of automation
and standardization over education to increase the likeli-
hood of success. For example, shifting to a one-call protocol
activation process eliminated the possibility of neglecting to
call both transfusion medicine laboratory and our hospital’s
switchboard.

Beyond using in situ simulation to simply identify latent
safety threats, we tested proposed changes including the one-
call process before it was adopted as a formal policy. This is
incredibly important because we discovered a technological
glitch with our trauma bay phone not having the ability to
be forwarded. While it was easily fixed by our IT team, it
highlighted that even the best-intentioned changes warrant
dedicated testing as they may suffer from unintended conse-
quences when actioned into clinical workflows.

The importance of efficient interventions for the bleed-
ing trauma patient cannot be understated, with guide-
lines now recommending that red blood cells be available
within 10 min of massive hemorrhage protocol activation,
in part, based on the demonstrated link between time to
blood administration and clinical outcomes [9, 16]. Tradi-
tional quality improvement efforts are excellent at improv-
ing processes; however, identifying potential targets for
improvement can be elusive. In situ simulation can be used
to precisely reveal troublesome elements and pilot quality
improvement interventions before patients are impacted to
ensure changes function as intended. Based on our experi-
ence using in situ simulation to identify and inform massive
hemorrhage protocol changes and the positive impact on
patient-oriented outcomes, we advocate that in situ simula-
tion be used as a standard process for trauma centers sup-
port the optimization of their massive hemorrhage protocol.
Additionally, in situ simulation allowed us to effectively
engage multiple specialties together and work towards a
shared goal.



Canadian Journal of Emergency Medicine (2021) 23:54-62

61

The process of blood component administration had sub-
stantial variability throughout all stages of the project as
shown in the run chart, highlighting the inherent challenges
related to efforts to improve the massive hemorrhage proto-
col process during high-stakes resuscitations. While some
run chart rules were met in all phases of the project, detailed
review of the circumstances surrounding each cluster by the
team failed to uncover contributing factors temporally asso-
ciated with these. We continue to monitor blood delivery
metrics through our trauma registry and blood bank to iden-
tify further improvement opportunities.

Beyond the level of individual institutions, accreditation
bodies may seek to consider the role for in situ simulation
for massive hemorrhage protocol evaluation. One might
imagine a future where trauma centers are required to regu-
larly conduct in situ simulation sessions to evaluate their
massive hemorrhage protocol, make improvements to the
process and train their teams using this simulation technique.
Future studies can be used to explore in situ simulation for
improving other systems processes in the trauma bay or to
evaluate in situ simulation in other clinical settings, such as
the OR or ICU.

Limitations

This study has several limitations. First, we prospectively
identified massive hemorrhage protocol-based latent
safety threats leading to modifications in our protocol. Our
evaluation of the impact of these changes, however, used
a retrospective chart review methodology. As a result, we
cannot establish a causal relationship between our in situ
simulation-based quality improvement intervention and the
improved time to blood administration for trauma patients.
However, our changes did translate in time-based improve-
ments during our subsequent in situ simulation sessions,
suggesting some effect. Furthermore, the only changes made
to our institution’s massive hemorrhage protocol during
this period resulted from issues identified during our study,
increasingly the likelihood that our interventions are linked
to our chart review findings. Second, as a single-center
study it is uncertain whether these findings are generaliz-
able to other trauma centers. However, it is the application
of in situ simulation to uncover and improve local latent
safety threats that is most important rather than our spe-
cific findings. In situ simulation does improve other time-
dependent processes, supporting its use as a key technique
for optimizing massive hemorrhage protocols [22]. Finally,
we relied on clinical documentation to measure the time
to blood administration. Inherently these records are often
made during complex and time-pressured trauma resuscita-
tions and may not be accurate. We did cross reference the
clinical notes with our blood bank records to ensure further

accuracy of our results which remained uniform throughout
the study period.

Conclusions

We observed a 21% reduction (2.5 min) in time-to-blood
administration following an in situ simulation-based quality
improvement process to identify and mitigate latent safety
threats. This study represents a novel application of in situ
simulation that may positively impact outcomes for bleeding
trauma patients. Our study identified important opportuni-
ties for improvement related to the activation process, the
transportation of blood components and the prioritization of
a massive hemorrhage protocol among a multi-disciplinary
team. Further research is required to establish a causal rela-
tionship between in situ simulation-based quality improve-
ment initiatives and patient outcomes.
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