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Abstract
Purpose Adverse events (AEs) during trauma resuscitation are common and heterogeneity in reporting limits comparisons 
between hospitals and systems. A recent modified Delphi study established a taxonomy of AEs that occur during trauma 
resuscitation. This tool was further refined to yield the Safety Threats and Adverse events in Trauma (STAT) taxonomy. The 
objective of this study was to evaluate the inter-rater reliability of the STAT taxonomy using in-situ simulation resuscitations.
Methods Two reviewers utilized the STAT taxonomy to score 12 in-situ simulated trauma resuscitations. AEs were reported 
for each simulation and timestamped in the case of multiple occurrences of a single AE. Inter-rater reliability was assessed 
using Gwet’s AC1.
Results The agreement on all AEs between reviewers was 90.1% (973/1080). The Gwet’s AC1 across AE categories were: 
EMS handover (median 0.72, IQR [0.54, 0.82]), airway and breathing (median 0.91, IQR [0.60, 1.0]), circulation (median 
0.91, IQR [0.72, 1.0]), assessment of injuries (median 0.80, IQR [0.24, 0.91]), management of injuries (median 1.00, IQR 
[1.00, 1.00]), procedure related (median 1.00, IQR [81, 1.00]), patient monitoring and IV access (median 1.00, IQR [1.00, 
1.00]), disposition (median 1.00, IQR [1.00, 1.00]), team communication and dynamics (median 0.80, IQR [0.62, 1.00]).
Conclusions The STAT taxonomy yielded 90.1% agreement and demonstrated excellent inter-rater reliability between review-
ers in the in-situ simulation scenario. The STAT taxonomy may serve as a standardized evaluation tool of latent safety threats 
and adverse events in the trauma bay. Future work should focus on applying this tool to live trauma patients.
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Introduction

Trauma resuscitation is a dynamic and multidisciplinary 
effort that requires both a technical and non-technical skill 
set from all team members [1]. Although the components 
of this sequential process are recognizable, evaluation of 

resuscitation itself has proven challenging to standardize 
[1]. The fluidity of the trauma resuscitation process, vari-
ability between providers and centers, the need for simul-
taneous assessment and time-sensitive interventions are all 
cited reasons why most adverse events (AEs) occur during 
the initial phases of trauma resuscitation [1, 2]. AEs are 
major contributors to trauma related morbidity and mortal-
ity. Common AEs include failure to perform therapeutic 
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or diagnostic measures, disorganization among staff or 
with equipment, a lack of familiarity with injury patterns, 
misinterpretation of case complexity, misdiagnosis, and 
fixation errors [2, 3]. One study found an average of 6.09 
AEs occur per fatal trauma and 3.47 AEs can be directly 
attributed to patient death, while another estimated com-
munication errors occurring in more than 50% of trauma 
cases [2, 3].

The Joint Commission on Accreditation of Health-
care Organizations (JCAHO) created the “Patient Safety 
Event Taxonomy”, which provided a structural categoriza-
tion of AEs. However, the JCAHO tool is not specific to 
trauma resuscitation and requires in-hospital information 
to assess degree of harm [4]. The Trauma Resuscitation 
Using in situ Simulation Team Training (TRUST) study 
utilized in-situ simulation (ISS) coupled with video review 
and a modified framework analysis to identify and quantify 
latent safety threats (LSTs) within trauma resuscitation 
scenarios [5, 6]. The intent of TRUST was not to provide 
a generalizable taxonomy of AEs but rather to trial a novel 
approach to AE identification during ISS hence it is possi-
ble that not every AE was identified. The next investigative 
step called for a refinement of AE themes and sub-themes 
which would yield a specific AE taxonomy and establish 
grounds for use in actual clinical scenarios.

Our research team recently completed a RAND/Del-
phi study resulting in a taxonomy of trauma-specific AEs 
grouped into the following categories (airway and breath-
ing, circulation, emergency medical service handover, 
assessment of injuries, management of injuries, proce-
dure related, patient monitoring and access, disposition, 
and team communications and dynamics) and each AE 
was assigned a degree of harm classification system (I [no 
harm] to V [death]) [1]. This novel tool offered a frame-
work for standardized analysis of trauma resuscitations as 
well as provided a potential foundation for targeted quality 
improvement (QI) and patient safety initiatives, including 
video review [1, 2, 7–9]. Utilizing the taxonomy within 
institutional trauma video review (TVR) programs may 
allow for reproducible and reliable analyses [1, 10]. This 
in turn, represents an opportunity to yield more accurate 
comparisons of trauma resuscitations, more comprehen-
sive understanding of the sequence of events leading to the 
AE, and more detailed investigations to determine system- 
and process-level interventions [1, 10]. This taxonomy, 
however, required additional refinement and testing prior 
to optimal applicability in simulated and live clinical 
patient environments.

Our present study further evolved the RAND/Delphi tax-
onomy by expanding AE descriptions and removing AEs 
that were lacking in practical application. These efforts 
yielded the novel 65-metric, 9 category, “Safety Threats 
and Adverse events in Trauma” (STAT) taxonomy (Table 1).

Objectives

The objective of this study was to evaluate the inter-rater 
reliability of the new Safety Threats and Adverse events in 
Trauma (STAT) taxonomy utilizing 12 ISS trauma scenarios.

Methods

Study design

This was a prospective cohort study to identify AEs during 
high-fidelity simulated trauma resuscitations and evaluate 
the inter-rater reliability of the STAT taxonomy using 12 
video recorded ISS trauma resuscitations from the TRUST 
study [5, 6]. The institutional research ethics board approved 
the study (REB ID # 15-046).

Setting, study size and participants

This study was conducted between July 2021 and Novem-
ber 2021. Two expert reviewers (NB and JR) with medical 
doctorate level training, expertise relevant to acute trauma 
resuscitation, and expertise in video analysis reviewed 
the videos from the previously conducted TRUST study 
described below. Reviewers were granted remote access to 
the original TRUST study simulation videos and they were 
asked to apply the STAT taxonomy to all 12 trauma simula-
tion sessions.

The TRUST study was an ISS study performed at a 
Canadian Level 1 trauma center with approximately 1200 
trauma team activations annually (33% with Injury Severity 
Score > 16) and 75,000 emergency department (ED) visits 
[5]. The hospital’s two-bed trauma bay served as the location 
for study [5, 6]. Scenarios were developed and designed from 
a thematic review of actual trauma cases flagged for morbid-
ity and mortality review [5, 6]. Adverse events, deviations 
from protocol adherence and unexpected deaths occurring 
between January 2013 and December 2014 were reviewed 
and analyzed by two board certified emergency physicians 
with > 5 years of experience in trauma care and simulation 
education [5, 6]. They identified recurrent clinical situations 
that posed recurring threats to patient safety and four simu-
lated scenarios were developed. One scenario was conducted 
during each of the twelve unannounced simulation sessions 
(number of times each scenario conducted): surgical airway 
[3], blunt trauma with massive hemorrhage [4], trauma pre-
cipitated by medical event [3] and penetrating injury [2]. 
All of the clinical equipment, systems and processes used 
during live trauma resuscitations in the trauma bay were 
available to the trauma team during the simulations [5, 6]. 
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Each 15-min simulation was video recorded by wall and 
ceiling-mounted cameras capturing all areas of clinical care 
within the trauma bay. A dedicated overhead microphone 
was installed on the ceiling and handheld voice recorders 
were placed at workstations to capture conversations away 
from the patient. These 12 ISS trauma resuscitation video 
recordings from the TRUST study were then stored on an 
encrypted drive and made available to investigators partici-
pating in the present study.

Sample size calculation

We set an expected Kappa of 0.85 with a margin of error 
of 0.3 and two-sided alpha of 0.05, which resulted in a 
sample size of 12 simulation sessions.

Table 1  Safety Threats and Adverse events in Trauma (STAT) Taxonomy

EMS emergency medical services, FAST focused abdominal sonography in trauma, GCS glasgow coma scale, TXA tranexamic acid, SBP systolic 
blood pressure, RBC red blood cells, IO intraosseous, EtCO2 end tidal carbon dioxide, ID identification, CT computed tomography, OR operat-
ing room

EMS handover
 Failure or delay to activate trauma team
 Inaccurate or incomplete medical history report
 Team member(s) absent for EMS handover
 Patient assessment begins before EMS handover in stable patient
 EMS handover had to be repeated
Airway and breathing
 Failure to identify need for supplemental oxygen
 Unanticipated loss of airway
 Unintentional delay in intubation (> 5 min)
 Unsuccessful intubation attempt
 Malpositioned endotracheal tube
 Aspiration event
 Ventilator malfunction
 Failure to identify need for chest tube
 Failure to perform surgical airway when indicated
 Administration of paralytics prior to all teams ready
 Failure to discuss, anticipate, or treat hemodynamic instability prior 

to intubation
Circulation
 Failure to obtain peripheral or central venous access within 5 min of 

first attempt
 Failure to draw bloodwork within 10 min of arrival
 Delay of > 10 min to blood product administration (once blood is 

called for)
 Greater than 1L crystalloid bolus given in presumed hemorrhagic 

shock
 Failure to administer blood products or initiate vasopressors with 

ongoing shock (SBP < 90)
 Failure to activate massive transfusion protocol (if more than 2 units 

of blood products required)
 Failure to administer TXA in presumed hemorrhagic shock and 

injury < 3 h
 Failure to give platelets or fresh frozen plasma if > 6 units of blood 

product given in trauma bay (ie. only RBC given)
 Primary resuscitative line is subdiaphragmatic (ie. femoral line, tibial 

IO) in patient with positive FAST or open book pelvis
Assessment of injuries
 Failure to maintain cervical spine precautions (if indicated)
 Failure to get x-rays before departure from trauma bay (if indicated)
 Failure to complete primary survey before departure from trauma bay
 X-ray misinterpreted
 FAST misinterpreted
 Incomplete exposure of patient
 Failure to calculate GCS
 Failure to measure temperature
 Failure to assess circulation and function in injured limbs

Management of injuries
 Medication error
 Failure to treat hypothermia
 Failure to apply or incorrect application of pelvic binder in the setting 

of open book pelvic fracture
 Failure to offer effective analgesia/sedation to patients
 Failure to reduce fracture/dislocation in setting of pulseless limb
 Failure to provide patient with unique hospital ID or bracelet within 

5 min of arrival
 Failure to administer hypertonic saline or mannitol in setting or pre-

sumed head injury with lateralizing signs or unilateral pupil deficit
Procedure related
 Technical errors
 Equipment failure/missing
 Failure to perform an indicated resuscitative procedure
 Iatrogenic injury during procedure
 Knowledge deficits concerning equipment location
 Performing FAST exam interferes with ability to obtain initial IV 

access
 Bodily fluid exposure or needlestick injury to health care team member
Patient monitoring and access
 Inadequate monitoring (ie. loss of telemetry, pulse oximetry 

for > 3 min)
 Failure of patient monitoring equipment (ie. patient monitor, EtOC2, 

temperature probe)
 Oxygen supply runs out
 Loss of all central/intravenous access
 Delay in assessment or treatment due to agitated or combative patient
Disposition
 Delay more than 15 min waiting for CT
 Delay more than 15 min waiting for OR (if emergent OR)
 Transfer to CT scan with hemodynamically unstable patient
Team communications and dynamics
 Unclear responsibility and roles
 Patient care activities delayed or not completed due to task overload/

competing priorities
 Team member unavailable
 Concurrent conversations preventing team leader communication
 Ineffective team leadership/unclear authority of team leader
 Failure to use closed-loop communication
 Clinical team members distracted by non-clinical-related tasks
 Inadequate personal protective equipment
 Trauma team leader leaves position to participate in patient care with-

out delegating interim leader
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Variables

AEs were reported as either occurrence (1) or non-occur-
rence (0) for each simulation session. As some AEs could 
occur multiple times in a single simulation session, review-
ers recorded the time of occurrence to ensure they were both 
counting the same AE. The data collection sheet allowed 
for up to 3 of the same AEs to be recorded in this manner, 
which resulted in a total of 90 potential AEs per simulated 
session, from a 65-metric, 9 category taxonomy. No session 
had more than 3 of the same AE occur.

Data analysis and outcome measures

Individual AE metric agreement

Each reviewer recorded AE occurrence or non-occurrence, 
and recorded AEs were then compared across the 12 simu-
lated sessions (Table 1). The total number of AEs identified 
by each reviewer were then tallied and the mean number of 
AEs per simulated session was calculated.

Total agreement of STAT taxonomy

Total agreement between reviewers was reported as the 
percentage of agreed AEs over the total number of poten-
tial AEs per simulated session. Inter-rater reliability was 
calculated using Gwet’s AC1 analysis. Gwet’s AC1’s were 
reported as medians and interquartile ranges (IQR). Addi-
tionally, agreement using Kappa was performed when able 
to be calculated.

Statistical methods

Cohen’s Kappa is commonly used to assess inter-rater relia-
bility [11]. However, it is limited in producing a value in the 
presence of perfect agreement with no variability in scores, 
thus we elected to use Gwet’s AC1 to assess inter-rater reli-
ability [12]. Both Cohen’s Kappa and Gwet’s AC1 describe 
an agreement beyond chance (chance-corrected agreement). 
Gwet’s AC1 scores are interpreted as values ≤ 0 as indicating 
no agreement and 0.01–0.20 as none to slight, 0.21–0.40 as 
fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 
0.81–1.00 as almost perfect agreement [12, 13]. A two-sided 
95% CI was additionally computed for each Gwet’s AC1 
value. P-values were not corrected for multiple comparisons 
as each domain was viewed as independent of one another.

Training and bias mitigation

A training session on the STAT taxonomy with both review-
ers (NB and JR) and the principal investigator (BN) was 
done utilizing another ISS trauma scenario that was not 

included in this study. Reviewers were blinded to each oth-
er’s scores. Refinements to the STAT taxonomy and associ-
ated data dictionary were performed throughout the study to 
clarify terms for reviewers (Appendix A); however, review-
ers remained blinded to each other’s responses and inter-
rater reliability was only performed upon study completion 
after all 12 scenarios were scored.

Results

Case‑based and overall agreement

Using the STAT taxonomy, containing 65 AE metrics across 
9 categories, the reviewers evaluated safety and trauma 
team performance of 12 ISS sessions. The categories with 
the most identified AEs were emergency medical services 
(EMS) handover, airway and breathing evaluation, and 
assessment of injuries. The most common AEs identified 
included: team members absent for EMS handover (8/12 
cases), failure to measure temperature (8/12 cases), trauma 
team leader leaves position to participate in patient care 
without delegating interim leader (8/12 cases) and unclear 
roles and responsibilities (5/12 cases).

The STAT taxonomy yielded an overall total agree-
ment percentage of 90.1% (973/1080) between reviewers 
(Table 2). Agreement between reviewers according to indi-
vidual sessions and overall percent agreement of the STAT 
taxonomy is listed in Table 2. There was a mean of 7.38 
AEs identified in each trauma session. Highest agreement 
between reviewers occurred in session 12 (94.4%) while 
lowest agreement occurred in session 3 (83%).

Table 2  Reviewer agreement on identified adverse events for each 
simulation case

Simulation session Adverse event agreement 
between reviewers per case 
n (%)

Session 1 76/90 (84.4)
Session 2 82/90 (91.1)
Session 3 83/90 (83.0)
Session 4 75/90 (83.3)
Session 5 80/90 (88.8)
Session 6 81/90 (90.0)
Session 7 78/90 (86.6)
Session 8 88/90 (97.7)
Session 9 81/90 (90.0)
Session 10 81/90 (90.0)
Session 11 83/90 (92.2)
Session 12 85/90 (94.4)
Total 973/1080 (90.1)
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Categorical agreement

The 65 AE metrics are grouped into 9 established catego-
ries and listed based on the likely sequence of occurrence 
during a trauma resuscitation. Categorical agreement was 
measured as a percentage in each of the AE categories with 
median, IQR, and Q1/Q3 (Table 3). Agreement using Kappa 
(when able to be calculated) are presented in Appendix B. 
Individual Gwet’s AC1 for each individual AE are presented 
in Appendix C.

Discussion

This study demonstrates that the STAT taxonomy, when 
applied to 12 ISS trauma sessions, consistently performed 
in the “almost perfect” agreement range and yielded a 90.1% 
overall agreement between reviewers, demonstrating excel-
lent inter-rater reliability. This refined taxonomy has proven 
to be highly reliable in the in-situ simulation trauma envi-
ronment, and consequently may serve to assist in targeted 
patient safety and quality improvement initiatives utilizing 
live and/or video review modalities for trauma team per-
formance assessment [7, 8, 10, 14]. An accompanying data 
dictionary (Appendix A) defines each AE metric in greater 
detail, serving as a reference to facilitate application.

Utilizing an AE taxonomy within a TVR program

TVR programs are increasingly common [7, 15] yet there 
lacks a standardized review process to define and quantify 
AEs and safety threats both within and across institutions. 
The STAT taxonomy, with demonstrable high inter-rater 
reliability, offers a solution to enhance the reliability and 
generalizability of AE reviews. Application of the taxon-
omy during video review analysis may allow for more accu-
rate comparisons of trauma resuscitations at an individual, 

institutional and system level. Furthermore, it may improve 
our understanding of the sequence of events leading to an 
AE [1]. Repeated occurrences of an AE support the develop-
ment of a shared mental model among those tasked with QI 
and system development [1, 16]. For example, the TRUST 
study investigators were able to utilize the AEs and latent 
safety threats identified during the recorded ISS sessions to 
guide training and education to reduce the time to arrival 
of blood after activation of massive transfusion protocol 
by 2.5 min (95% CI 0.03–5.08) [16]. Previous studies have 
demonstrated a reduction in errors after implementing pro-
tocols and policies targeting identified safety threats [2, 17]. 
Such an approach emulates the systems thinking approach 
that is common across other high-risk industries [1].

Using the STAT taxonomy to drive performance 
improvement

The categories with highest number of AEs were (1) EMS 
handover, (2) airway and breathing, and (3) assessment of 
injuries. Using the example of EMS handover, we can then 
further define the essential elements of patient history for 
paramedics to communicate to the trauma team. The high 
number of AEs linked to EMS handover suggest an impor-
tant opportunity for improvement and a recent video review 
analysis of EMS handover supports these findings [18]. By 
more accurately characterizing the AE, a customized and 
appropriate mitigation strategy can be trialed, with an oppor-
tunity to rerun the scenario (or immediately apply during 
actual clinical cases) to evaluate the impact and reduction 
in the AE frequency [18]. In the case of EMS handover, 
a potential option might be the integration of a standard-
ized handover tool which improves information transmis-
sion between the paramedic and receiving team and reduces 
handover duration [19].

The STAT taxonomy may also be applied broadly to 
various phases of a trauma resuscitation. Video-recorded 
debriefing sessions may utilize the STAT taxonomy to com-
municate strengths and weaknesses of team performance to 
which educational interventions can then be tailored toward 
reducing common AEs identified. Clinician educators and 
simulation programs can use the STAT taxonomy for assess-
ment of learners and trainees. For example, learners could be 
scored during ISS trauma sessions, allowing them to bench-
mark themselves alongside other trainees, and provide an 
objective measure for competency based medical education. 
The STAT taxonomy therefore offers increasingly specific 
and detailed feedback on safety and team performance that 
requires attention or intervention and can drive continu-
ous quality improvement. Lastly, the STAT taxonomy can 
evaluate safety and performance across centers and regions. 
By accommodating reliable comparisons in both intra-
facility and inter-faculty trauma resuscitation, leaders and 

Table 3  Summary of Gwet’s AC1 agreement for adverse event cat-
egories

EMS emergency medical services

Adverse event category Median (IQR)

EMS handover 0.72 (0.54, 0.82)
Airway and breathing 0.91 (0.60, 1.00)
Circulation 0.91 (0.72, 1.00)
Assessment of injuries 0.80 (0.24, 0.91)
Management of injuries 1.00 (1.00, 1.00)
Procedure related 1.00 (0.81, 1.00)
Patient monitoring and access 1.00 (1.00, 1.00)
Disposition 1.00 (1.00, 1.00)
Team communication and dynamics 0.80 (0.62, 1.00)
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administrators can identify strengths and weaknesses across 
entire hospital systems.

Limitations of the study

We acknowledge several limitations of this study. This was a 
single center investigation utilizing two reviewers of similar 
educational backgrounds and experience levels. Two phy-
sician reviewers with variable trauma resuscitation expe-
rience may yield different results in the identification of 
AEs. Additionally, non-physician reviewers may score the 
taxonomy differently based on alternative perspectives and 
priorities, a finding we confirmed previously [1]. Some AEs 
in the STAT taxonomy were not observed and are expected 
to occur rarely, which may impact inter-rater reliability. Our 
study utilized 12 in situ simulation sessions to establish the 
IRR of this taxonomy while future studies are required to 
demonstrate similar reliability and validity in live trauma 
resuscitations. However, ISS is well established as a tech-
nique to elicit team performance and AEs that parallel the 
live clinical arena and it is likely that our findings will be 
similar during live trauma resuscitations [20, 21].

Conclusion

The STAT taxonomy yielded 90.1% agreement and strong 
inter-rater reliability during ISS trauma sessions. The STAT 
taxonomy is a promising tool for a standardized evaluation 
of latent safety threats and adverse events in the trauma 
bay. It can be applied at several levels to standardize the 
evaluation of trauma care including local and regional QI 
initiatives, and multi-center research collaborations. Future 
studies are needed to assess the validity and reliability of 
this taxonomy and demonstrate its utility in multi-center ISS 
scenarios and ultimately actual trauma resuscitation.
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