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Background: Intubation in the early postinjury phase can be a high-risk procedure associ-
ated with an increased risk of mortality when delayed. Nonroutine events (NREs) are
workflow disruptions that can be latent safety threats in high-risk settings and may
28 August 2020 contribute to adverse outcomes.

Accepted 22 September 2020 Materials and methods: We reviewed videos of intubations of injured children (age<17 y old)
Available online 1 November 2020 in the emergency department occurring between 2014 and 2018 to identify NREs occurring
between the decision to intubate and successful intubation (“critical window”).

Keywords: Results: Among 34 children requiring intubation, the indications included GCS<8 (n = 20,
Child 58.8%), cardiac arrest (n = 6, 17.6%), airway protection (n = 5, 14.7%), and respiratory failure
Wounds and injuries (n = 3, 8.8%). The median duration of the “critical window” was 7.5 min (range 1.4-
Intubation 27.5 min), with a median of six NREs per case in this period (range 2-30). Most NREs
Intratracheal (n = 159, 61.9%) delayed workflow, with 31 (12.1%) of these delays each lasting more than
Medical errors one minute. Eighty-seven NREs (33.9%) had a potential for harm but did not lead to direct

patient harm. The most common NREs directly related to the intubation process were poor
positioning for intubation (n = 23, 8.9%) and difficulty passing the endotracheal tube (n =5,
1.9%), with most being attributed to the anesthesiologist performing the intubation (n = 51,
range 0-7).

Conclusions: Workflow disruptions related to nonroutine events were frequent during pe-
diatric trauma intubation and were often associated with delays and potential for patient
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harm. Interventions for improving the efficiency and timeliness of the critical window
should focus on adherence to intubation protocol and improving communication and

teamwork related to tasks in this phase.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Establishing and maintaining an airway are essential for
ensuring adequate oxygenation and ventilation after critical
injury." Endotracheal intubation may be required in this
setting because of severe cognitive impairment, cardiac ar-
rest, airway obstruction, hypoventilation, or hemorrhagic
shock.” Delays in securing an airway worsen respiratory
decompensation and increase the urgency to intubate.® Intu-
bation can also lead to life-threatening complications, such as
worsening hypoxia and hemodynamic instability, high-
lighting the importance of the efficiency and timeliness of this
procedure.*” External distractions, team errors, and technical
skills of the physician can increase the likelihood of compli-
cations when intubation is performed urgently.>® Given the
impact of delayed intubation, an understanding of the vari-
ability in the intubation sequence and how workflow vari-
ability disrupts and delays this process is needed for
developing improvement strategies.

Nonroutine events (NREs) are a broad class of events that
deviate from the ideal course of care, whether or not
contributing to adverse outcomes.”® Analysis of NREs has
been applied in several settings for identifying aspects of
human performance that influence outcomes.”'° A previous
study identified NREs during pediatric trauma resuscitations,
showing that these events are frequent and may represent
latent safety threats.’® This study mostly included lower
acuity trauma evaluations that required a range of
interventions.

The goal of this current study was to identify and classify
NREs during resuscitations of severely injured children who
required intubation after arrival in the emergency department
(ED). Our long-term goal is to identify workflow disruptions
that can be prevented or mitigated during intubation after
pediatric injury.

Materials and methods
Setting

Children’s National Hospital is a level 1 pediatric trauma center
that serves the Washington D.C. metropolitan area, treating
about 600 injured children annually as trauma activations
based on institutional and regional triage criteria. Patients with
lower acuity injuries are triaged as trauma “stat,” while those
with higher acuity injuries are triaged as trauma “stat
attending.” The team required for “stat” activations includes a
surgical coordinator (pediatric surgery fellow or senior resi-
dent), ED attending, the lead nurse responsible for documen-
tation, bedside surgical surveyor (junior resident or nurse
practitioner), bedside nurses, respiratory therapists, an anes-
thesiologist, and an X-ray technician. Required team members

for a “stat attending” also include a surgical attending and a
critical care physician. Trauma activations are video recorded
for quality improvement and secondary use in research. The
audio-video recording system provides views from overhead
and the foot of the bed. The Children’s National Hospital
Institutional Review Board approved this study.

Selection of participants

We conducted a retrospective, observational study of injured
children (<17 y old) who underwent intubation during their
trauma resuscitation from November 2014 to July 2018. During
this time, 52 patients were intubated as part of their initial
resuscitation. Three patients were excluded because consent
could not be obtained for video review, and 15 were excluded
due to absent or poor quality video. Patients were included in
the study only if consent for video review was obtained.
Thirty-four patients were included in the study, including 20
males (58.8%) and 14 females (41.2%).

Study design

From the trauma registry, we obtained patient demographics,
initial vital signs, Glasgow coma score (GCS), mechanism of
injury, injury severity score (ISS), Abbreviated Injury Scale
(AIS) injury profile, triage level “stat” or “attending,” and final
ED, and hospital disposition. We collected the time of day, day
of the week, and the roles of team members using video re-
view and the medical record. We defined significant physio-
logical disturbances as initial vital signs falling more than two
standard deviations outside age-appropriate norms.'* We
classified indications for intubation as severe cognitive
impairment (GCS <8), cardiac arrest, airway protection, res-
piratory failure, or severe hemorrhagic shock.” We assigned
the GCS<8 category only when occurring outside the setting of
cardiac arrest or respiratory failure. We classified patients
intubated for altered mental status with a GCS >8 or for whom
airway protection was required because of their injuries as
“airway protection.”

We created a data dictionary to define NREs potentially
occurring during trauma resuscitations based on the ATLS
protocol, previous work identifying NREs during trauma
resuscitation, and expert opinion."*° Definitions were modi-
fied, and additional NREs were included in the dictionary
during pilot coding. Two physicians were trained to classify
NREs based on these definitions using the videos of five re-
suscitations not included in this study. These reviewers ach-
ieved 82% agreement in their initial identification of NREs in
the resuscitations analyzed in the study. To manage varia-
tions in coding, the two reviewers reconciled differences in
NRE coding and together viewed the videos again to verify the
final NRE coding. The reviewers documented the team role
most associated with each NRE occurrence. We defined NREs
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as related to the “leadership team” if attributable to the sur-
gical attending, surgical coordinator, ED attending, or lead
nurse. Other role assignments included the surgical surveyor,
bedside nurse (a role filled by one to three nurses or techni-
cians), respiratory therapist (a role filled by one or two respi-
ratory therapists), anesthesiologist, emergency medical
services (EMS) technician (a role filled by up to four EMS
technicians), X-ray technician, patient, and family members.

We divided resuscitations into phases structured around
the intubation process for analysis. We defined the time from
team assembly (when at least two members of the team were
present) until patient arrival as the “prearrival” phase. At our
institution, the prearrival discussion is directed by a checklist
used by the team leader and includes a review of the patient’s
age, estimated weight, mechanism, of injury, and any other
prearrival information provided by EMS. If the patient is
known to be severely injured with a diminished GCS, this
discussion may include a review of the reasons for possible
intubation. Vials of medications used for rapid sequence
intubation are pulled before arrival for all patients. The period
between patient arrival and the decision to intubate was
defined as the “preintubation decision phase” phase. When
the decision to intubate was made before patient arrival, we
used the arrival times as the time of the decision to intubate.
We defined the period between the decision to intubate until
the end of successful laryngoscopy as the “critical window,”
and the period from the end of laryngoscopy until patient
departure as the “postintubation” phase. We assigned NREs to
each phase based on their time of occurrence. Team member
absence from the entire resuscitation was assigned to the first
phase where their presence was required, while late arrival
was assigned to the phase of arrival because of distraction
associated this event. The reviewers assigned NREs as related
to airway management if directly involving a step required for
securing and maintaining the airway by intubation regardless
of the phase in which it occurred.

The reviewers then independently designated NREs within
the “critical window” based on the potential severity of impact
and on any associated time expense. Differences in these
designations were resolved by consensus. We used a previ-
ously described classification of patient impact, assigning
“minor” to an NRE if the potential for harm was low (e.g.,
stethoscope not available for auscultation) and “major” if the
potential for harm was high (e.g., no chest compressions
performed when indicated).’* We assigned the delay associ-
ated with each NRE as “none,” “momentary,” for delays
shorter than one minute, and “moderate” for delays greater
than one minute.>"®

Following the review of the pilot and coded resuscitations,
the final data dictionary included 119 unique NRE types
(Appendix). Using a three-step modified Delphi approach,
three additional physicians reviewed each NRE and classified
each as a process event if related to the action or inaction of
team members. Process events were further classified as er-
rors of commission, omission, or selection.'®*® Errors of the
commission were defined as events where an incorrect action
was taken to address a goal, errors of omission as events
occurring when no action to address a goal occurred despite
the action being required, and selection errors as suboptimal
ordering and choice of actions among potential options.

Nonprocess events were defined as factors that occur outside
of the team’s control, including external events, actions of

nonteam members, and equipment malfunction or
unavailability.
Analysis

We used the intraclass correlation coefficient and a two-way
mixed, single measures model to evaluate interrater reli-
ability for reviewer assessments of NRE severity and associ-
ated delay. Differences between coded and noncoded
resuscitations were assessed using the Wilcoxon rank-sum
test and Fisher exact test where appropriate. Because of the
non-normal distribution of NREs and time of phases between
cases, we described these variables using medians and inter-
quartile ranges. We calculated the rate of NREs in each phase
by dividing the number of NREs per phase by the total time of
the phase across all resuscitations. We compared the “critical
window” length between cases based on indication and
whether the decision to intubate was made before arrival
using the Wilcoxon rank-sum test and multivariate linear
regression. We evaluated the associations between the num-
ber of “critical window” NREs and the indication and decision
to intubate before arrival using a Poisson regression model
that included an offset variable that normalized the time in-
tervals to model rates. We defined significance at a P < 0.05
level. We performed these analyses using SAS 9.4 (Cary, NC)

Results
Characteristics of study subjects

The final dataset included 34 patients (Table 1). Twenty-six
patients were injured by blunt mechanism (76.5%), and two
(5.9%) by penetrating mechanism. The remaining six patients
(17.6%) were triaged as trauma activations based on pre-
hospital report but had no injuries identified during their
resuscitation or subsequent hospital stay. These patients
were classified as “medical,” and the final diagnoses included
asthma exacerbations and cardiac arrest of unknown etiology.
Most patients met the definition of major trauma, with a
median ISS of 16 (IQR 20.8, range 0-50). Serious injuries (AIS
>3) to the head and neck (n = 22, 64.7%) were most common,
followed by the thoracic region (n = 6, 17.6%). Seven patients
sustained a serious injury to more than one body region
(20.6%). Five patients (14.7%) arrived at the ED without prior
notification of the team. Daytime (n = 18, 59.9%) and weekday
trauma activations (n = 21, 61.5%) were more common than
those occurring after hours.

Twenty-six patients (76.5%) presented with 38 instances of
significant physiological disturbance in their initial vital signs,
including hypotension (n = 6), hypertension (n = 13), brady-
cardia (n = 7), and tachycardia (n = 12). The patients’ initial
GCS had a median value of 6 (IQR 4.8, range 3-15). The most
common indication for intubation was GCS<8 (n = 20, 58.8%),
followed by cardiac arrest (n = 6, 17.6%), airway protection
(n =5, 14.7%), and respiratory failure (n = 3, 8.8%). The team
decided to intubate eight patients (23.5%) before arrival based
on prehospital information. These patients included the six
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Table 1 — Summary statistics.

Variable Coded resuscitations (n = 34) Noncoded resuscitations (n = 18) P-value
Age (yrs), avg. (SD) 5.6 (4.9) 5.9 (4.4) 0.57
Female, no. (%) 14 (41.2) 6 (33.3) 0.77
Mechanism, no. (%)
Blunt 26 (76.5) 16 (88.9)
Penetrating 2 (5.9) 2 (11.1) 0.14
Medical 6 (17.7) 0(0)
Injury severity score (ISS), median (IQR) 16 (5-26) 14.5 (9-21) 0.92
AIS >3, no. (%)
Head and neck 22 (64.7) 11 (61.1) 1.00
Face 1(2.9) 0 (0) 1.00
Thorax 6 (17.6) 3 (16.7) 1.00
Abdomen and pelvic contents 0 (0) 2 (11.2) 0.11
Extremities and pelvic ring 3(8.8) 3 (16.7) 0.40
External 0 (0) 0 (0)
Indication for intubation, no. (%)
GCS <8 20 (58.8) 9 (50.0)
Cardiac arrest 6 (17.6) 0 (0)
Airway protection 5(14.7) 7 (38.9) 0.02
Respiratory failure 3(8.8) 0 (0)
Severe hemorrhagic shock 0 (0) 2 (11.2)
Trauma activation characteristics, no. (%)
Arrival without prior notification 5(14.7) 2 (11.1) 1.00
Night 16 (47.1) 10 (55.6) 0.77
Weekend 13 (38.2) 11 (61.1) 0.15
Mortality, no. (%)
Died in emergency room 4 (11.8) 0(0) 0.29
Hospital death 6 (17.6 1(5.6) 0.40

patients intubated for cardiac arrest and two for GCS<8. Four
patients intubated for cardiac arrest died during their trauma
resuscitation, and another two (one each with GCS<8 and
cardiac arrest) died during their hospital stay. Thirty-two pa-
tients were intubated on the first attempt. The remaining two
patients required a second laryngoscopy before successful
intubation. To evaluate whether “coded” resuscitations were
biased toward any attribute, we compared the included pa-
tients (n = 34) to other patients who were also intubated
during the study period who were not included because of the
absence of consent or adequate video (n = 18). The only sig-
nificant difference between coded (n = 34) and noncoded
(n = 18) resuscitations was the distribution of indications for
intubation (Table 1).

Main results: nonroutine events

Phase: overall

We identified 723 NREs between all 34 cases (Appendix), with a
median of 19.5 NREs per resuscitation (range 10-41 per
resuscitation, Table 2). We observed 101 NREs (84.9%) among
the 119 NRE types in the data dictionary. The median duration
of the 34 resuscitations was 43.7 min (range 23.1-107.2 min).
NREs occurred at a rate of 0.6 NREs per minute. More NREs

were classified as process events (n = 508, median 13, range 5-
32 per resuscitation) than nonprocess events (n = 215, median
5, range 2-16 per resuscitation). Among the process events, the
most frequent were a deviation from protocol (n = 34, 4.7%)
and inadequate communication requiring clarification (n = 32,
4.4%). The most frequent nonprocess events were phone calls
and pages interrupting team members (n = 41, 5.7%) and the
absence of the surgical attending during the resuscitation
(n = 20, 2.8%). Ninety-three NREs (12.9%) were directly related
to the process of airway management. NREs were most often
attributable to the bedside nurse (n = 141, median 3.5, range O-
13 per resuscitation), followed by the surgical surveyor
(n = 110, median 2.5, range 0-11 per resuscitation). Factors
external to the process, individuals outside the room, or
equipment malfunction accounted for 133 NREs (18.4%, me-
dian 3.5, range 1-10 per resuscitation).

Phase: prearrival

The “prearrival” phase did not occur in one resuscitation
because of insufficient time for team assembly before patient
arrival. Among the remaining resuscitations, the “prearrival”
phase had a median duration of 10 min (range 0.1-46 min).
Nineteen NREs occurred during this phase (Appendix) at a rate
of less than 0.1 NREs per minute. Nonprocess events (n = 11,
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Table 2 — Distribution of nonroutine events among 34 resuscitations with intubation.

Variable Median (interquartile range)
All phases Before patient arrival®  Preintubation decision’  Critical period  Postintubation
Nonroutine events 19.5 (15.3-25.8) 0 (0-1) 3 (0-7.8) 6 (4.3-10) 8 (6-10)
Process events
Commission 4 (3-6) 0 (0-0) 0 (0-1) 1(0.3-2) 2 (1-3)
Omission 4(3.3-7) 0 (0-0) 1(0-1.8) 1(1-2.8) 2(1-3)
Selection 4.5 (3.3-6.8) 0 (0-0) 1(0-2.8) 2 (1-3) 1(0.3-2.8)
Nonprocess events 5 (4-8.8) 0 (0-1) 1(0-3) 2 (1-3) 2 (1.3-3)
Airway management NRE 2 (1-3.8) (o} 0 (0-0) 1(0.3-2) 1(0-1)
NREs by team role
Leadership 2 (2-3) 0 (0-0) 0 (0-0.8) 1(0-2) 1(0-2)
Anesthesiologist 1.5(1-3) 0 0 (0-0) 1(1-2) 0(0-1)
Surgical surveyor 2.5 (1-4) 0 (0-0) 1(0-2) 0.5 (0-2) 0.5 (0-1)
Bedside nurse 3.5 (2-6) 0 0 (0-1) 1(0-2) 2 (1-2.8)
Respiratory therapist 2 (1-4) 0 0 (0-1) 0 (0-1) 1(0.3-2)
X-ray technician 0 (0-0) 0 0 0 0 (0-0)
EMS technician 1(0-1) 0 (0-0) 0 (0-1) 0 (0-0) 0
Other personnel 0 (0-0) 0 0 0 (0-0) 0 (0-0)
Entire team 0 (0-0) 0 0 (0-0) 0 (0-0) 0 (0-0)
Patient 1(0-1) 0 0 (0-0) 0 (0-0) 0.5 (0-1)
Parent 0 (0-0) 0 0 (0-0) 0 (0-0) 0 (0-0)
Equipment/external 3.5 (2-5) 0 (0-1) 0 (0-1) 1(0-2) 2 (1-2)

"Phase did not occur in one resuscitation.
Phase did not occur in eight resuscitations.
0 indicates no observed events.

50 (0-0) indicates events occurring with a low frequency with a median and interquartile range of 0.

median 0, range 0-3 per “prearrival” phase, Table 2) were more
common than process events (n = 8, median 0, range 0-1 per
“prearrival” phase). The most frequent process events
included crowding by nonteam members (n = 5, 26.3%) and
lack of prearrival notification (n = 4, 21.1%). NREs during this
phase were only attributed to the surgical surveyor (n = 3),
EMS technician (n = 3), or leadership (n = 1) with the remaining
NREs related to individuals and not on the team, factors
external to the process, or equipment malfunction (n = 12).

Phase: preintubation decision

The “preintubation decision” phase did not occur in eight re-
suscitations because the decision was made before patient
arrival. Among the remaining 26 resuscitations, this phase
lasted a median of 4.3 min (range 0.9-58 min) and included 149
NREs (median 3, range 0-22 per “preintubation decision”
phase, Appendix). NREs in this phase occurred at a rate of 0.7
NREs per minute. Process events (n = 105, median 2, range 0-16
per “preintubation decision” phase, Table 2) were more com-
mon than nonprocess events (n = 44, median 1, range 0-6 per
“preintubation decision” phase). The most common process
events were deviation from protocol (n = 14, 9.4%) and failure
to stabilize the cervical spine (n = 10, 6.7%), while the most
common nonprocess events were phone calls and pages
(n = 8, 5.4%), and late arrival of the surgical surveyor (n = 4,
2.7%). Six NREs were directly related to airway management,
including failure to set up or apply the nonrebreather mask

(n =5, 83.3%) or the end-tidal CO, monitoring system (n = 1,
16.7%). Most NREs in this phase were related to the surgical
surveyor (n = 42) or bedside nurse (n = 28).

Phase: critical window

The “critical window” lasted a median of 7.5 min (range 1.4-
27.4 min). The duration of this phase was shorter when the
decision to intubate was made before than after patient arrival
(median 2.2 min, range 1.3-10 versus median 8.1 min, range
3.6-27.4, P < 0.001). This phase was longer among patients
intubated for airway protection (median 11.0, range 8.2-
27.4 min) than for those intubated for cardiac arrest (median
1.7, range 1.4-5.8 min, P = 0.004), but was similar to those
intubated for GCS<8 (median 7.6, range 3.6-16.2 min, P = 0.07)
or respiratory failure (median 7.4, range 6.4-9.9 min, P = 0.14).
In a multivariate model controlling for an indication for
intubation, we no longer observed a difference in the length of
the “critical window” based on whether the decision to intu-
bate was made before or after arrival (P = 0.70, data not
shown).

The “critical window” included 257 NREs with a median of
six NREs (range 2-30) per “critical window” phase (Appendix).
During this phase, NREs occurred at a rate of 0.9 NREs per
minute. Controlling for different lengths of the “critical win-
dow” between patients, we observed neither an association
between the number of NREs and the timing of the decision to
intubate in relationship to patient arrival nor between the
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number of NREs and indication for intubation (all P > 0.05).
Process events (n = 181, median 4.5, range 0-24 per “critical
window” phase, Table 2) were more common than nonprocess
events (n = 76, median 2, range 0-6 per “critical window”
phase). The most common process events were poor patient
positioning for intubation in which the patient was reposi-
tioned by the anesthesia provider to ensure access to the
airway (n = 23, 8.9%) and deviation from the protocol (n = 13,
5.1%). The most common nonprocess events were pages and
phone calls (n = 16, 6.2%) and the need to upgrade to a higher
level of trauma activation (n = 13, 5.1%). Fifty-three NREs
(20.6%) were directly associated with airway management,
including poor patient positioning for intubation (n = 23) and
difficulty passing the endotracheal tube (n = 5). Most NREs in
this phase were attributed to the anesthesiologist (n = 51,
median 1, range 0-7). Minor NREs (n = 170, median 4.5, range 1-
21) were more common than major NREs (n = 87, median 2,
range 0-9). NREs associated with a momentary delay (n = 128,
median 3, range 0-13 per “critical window” phase) were more
common than those associated with either a moderate delay
(n =31, median 0, range 0-4 per “critical window” phase) or no
delay (n = 98, median 2, range 0-13 per “critical window”
phase). The reviewers achieved interrater reliability for as-
sessments of the severity of 0.76 (P < 0.001) and associated
delay of 0.83 (P < 0.001) for NREs in this phase.

Phase: postintubation

The “after intubation” phase was the longest phase (median
18.7, range 10.2-55.8 min) and included 298 NREs (median 8,
range 3-18 per “postintubation” phase, Appendix). NREs in this
phase occurred at a rate of 0.4 NREs per minute. Process
events (n = 214, median 5, range 1-13 per “postintubation”
phase, Table 2) were more common than nonprocess events
(n = 84, median 2, range 0-5 per “postintubation” phase). The
most frequent process events were inadequate sedation
requiring additional sedation to prevent endotracheal tube
dislodgement (n = 26) and excessive noise in the room,
requiring a team member to request silence (n = 15). The most
common nonprocess events were the absence of the surgical
attending (n = 18) and phone calls or pages (n = 17). Thirty-four
NREs (11.4%) were related to airway management, including
difficulty securing the endotracheal tube (n = 11), slow venti-
lation using a bag-valve mask (n = 8), and repositioning of the
endotracheal tube (n = 8). Most NREs were related to the
bedside nurse (n = 68), followed by the respiratory therapist
(n = 49).

Discussion

We observed that nonroutine events are frequent during pe-
diatric trauma resuscitations requiring intubation and have
the potential to lead to delays and cause patient harm. The
rate of NREs differed across the phases of the resuscitation,
being highest in the “critical window” and lowest in the
“prearrival” phase. Several processes and environmental fac-
tors may contribute to these observed differences, including
the frequency and complexity of required tasks, the vulnera-
bility of each phase to NREs, differences in the potential
impact of external factors, and the team member associated

with NREs. We did not observe an association with the overall
number of NREs and either the timing of the decision to
intubate or indication for intubation. This finding may indi-
cate that NREs may not be context-dependent but related
more generally to trauma resuscitation or the intubation
process.

Most NREs were associated with the team’s action or
inaction in all phases except the prearrival phase. Process
events classified as errors of omission and selection errors had
a similar proportion overall and were more common than
errors of commission in the “preintubation decision,” “
" and “postintubation” phases. In contrast, process
events classified as selection errors were more common than
other error types in the “critical window.” Although process
flexibility may be needed because of patient condition or
provider preference during the “critical window,” this finding
reflects the importance of task order and dependency required
for successful airway management.>'”*® The types of process
events within each of these classifications differed across
phases, with those related to airway management most
frequently occurring in the “critical window.” NREs related to
airway management were also observed in the “preintubation
decision” phase during the preparation for intubation and in
the “postintubation” phase when tasks related to managing
the secured airway occurred. Although most previous work
has emphasized the importance of errors related to the intu-
bation process, these observations show that critical aspects
of airway management also occur outside of the “critical
window” and are vulnerable to variability.

Although NREs unrelated to the actions of the team were
less frequent, this class represented over a quarter of all NREs
observed. Differentiating process events from nonprocess
events is useful for developing interventions to prevent or
mitigate the effects of NREs. Although process events may be
amenable to interventions focused on team (e.g., simulation
training, checklists, and real-time decision support), NREs
associated with factors unrelated to the process may be better
addressed with system improvements (e.g., ensuring
personnel availability, appropriate prearrival notification, and
functioning equipment). The absence of a surgical attendingis
a common NRE identified in the presented cases. Quality
improvement initiatives at our instruction are focused on
improving attending attendance by providing earlier notifi-
cation to surgeons in this role. Strategies designed to elimi-
nate or reduce external distractions are needed to address the
most common type of NRE that we observed, that is, phone
calls and pages. These options include silencing the commu-
nication devices or leaving these devices outside the room for
someone else to address. External distractions can increase
the occurrence of errors during procedures and the number of
deviations from protocol, supporting the benefit of in-
terventions focused on this class of NREs."®

NREs were more often associated with an individual role
rather than the team. Most were attributable to the bedside
nurse, reflecting the number of tasks performed by this role
(e.g., nasogastric tube placement, intravenous catheter
placement). The roles associated with NREs also differed
among each phase, likely related to which roles were present
and executing the most frequent and critical tasks. For
example, NREs during the “prearrival phase” were associated

critical
window,’
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with the surgical surveyor, EMS technician, or leadership
roles, those most often present when the team was assem-
bling. In contrast, most NREs in the “critical window” were
associated with the anesthesiologist whose role is assigned to
airway management and intubation at our hospital. Although
trauma resuscitation is a multidisciplinary process, these
findings show that interventions to improve the process of
intubation also should be targeted at specific roles.

NREs were frequently associated with the potential for
patient harm in the “critical window.” Because no NRE could
be directly linked to an adverse event in this study, this class
of NRE can be described as “near-miss” events that represent
latent safety threats. The circumstances associated with near-
miss events may be similar to those related to errors that lead
to adverse outcomes, supporting the study of NREs for iden-
tifying the optimal approach for improving performance
beyond what can be found using root-cause analysis and
other traditional methods.?® NREs during the “critical win-
dow” were most often associated with a delay-a potential
safety threat given the urgency of intubation in this setting.
Even when not associated with an observed temporal
disruption, NREs categorized as interruptions can increase
mental fatigue and situational stress.”’ These interruptions
may lead to premature task termination and less frequent
task completion.?*%*

Our study findings have several similarities to and differ-
ences from the findings of previous studies. The approach to
ascertain NREs has varied in previous studies, including
administration of surveys to providers after completion of the
event, real-time observation, video review, or a combination
of these methods.”***?>?% An advantage of using video review
is the ability to observe the event from multiple views and to
perform reviews more than once. A previous study of pediatric
intubations in the ED described the advantages of video re-
view for identifying variations in the intubation not observ-
able with other methods.” Our finding that NREs are common
has also been found in other high acuity settings.”'>?® In
these settings, several factors increased the likelihood of
NREs, including fast pace, reliance on multidisciplinary coor-
dination of concurrent tasks, and high patient acuity. The
finding that NREs have the potential for patient harm but
often do not cause harm has been described.”*° NREs, how-
ever, may be associated with adverse events, showing that
these events can propagate to the patient and are not only
latent sources of harm.’®?* The predominance of external
distractions as a category of NREs has also been observed, as
has the finding that NREs frequently lead to process delays.”°

Our study has several limitations. First, this study was
performed at a single institution, potentially limiting gener-
alizability. Although assessment at other institutions will be
needed to validate our findings, the frequency and impact of
NREs have been common findings in NRE analyses in similar
settings. Second, the identification of NREs relied on the sub-
jective assessment of physician raters. We used several stra-
tegies to minimize this bias, including formalization of the
review process, independent and simultaneous video review,
and repeated evaluation. Third, our findings are based on the
review of a sample of pediatric trauma resuscitations in which
we found differences in the indication for intubation between
those included and not included during the study period.

Confirmation of our results in a larger population of injured
children and adults will be needed to confirm the generaliz-
ability of our observations. Finally, although we observed that
many NREs had potential for harm, we did not find that any
led to an adverse event. Confirmation of the impact of NREs
will require a large-scale study in which these events can be
linked with more rarely occurring adverse events.

Conclusions

Endotracheal intubation during trauma resuscitation is a
time-sensitive intervention that can be associated with com-
plications and adverse patient outcomes when delayed. Our
study findings confirm that NREs are frequent, contribute to
delays, and pose latent safety threats during the most critical
phase of intubating injured children. Similar to other studies
of NREs in high acuity settings, our study highlights the ben-
efits of qualitative and quantitative analysis of NREs for
identifying process variability and its impact.”'° A key deliv-
erable of our study is a description of NRE types that can be
extended for use in other domains. Recent studies have
highlighted the limits of education and simulation training as
strategies for improving performance during trauma resusci-
tation.”*” To address these limitations, several complemen-
tary strategies have been proposed, including checklists and
real-time decision support.®>*>° Our findings provide a
framework for identifying strategies that can best address
process variability based on the type, associated role, and
impact of NREs.

Disclosure

All authors have no conflicts of interest to report.

This work was supported by the National Institutes of
Health (award RO1LM011834) and the National Science Foun-
dation under grant number I1S-1763355.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jss.2020.09.036.

REFERENCES

1. American College of Surgeons Committee on Trauma. Airway
and ventilatory management. In: Advanced trauma life support
for doctors, ATLS student course manual. 8th ed. Chicago:
American College of Surgeons; 2008:25—54.

2. Mayglothling J, Duane TM, Gibbs M, et al. Eastern Association
for the Surgery of Trauma. Emergency tracheal intubation
immediately following traumatic injury: an Eastern
Association for the Surgery of Trauma practice management
guideline. ] Trauma Acute Care Surg. 2012;73:5333—S340.

3. Miraflor E, Chuang K, Miranda MA, et al. Timing is everything:
delayed intubation is associated with increased mortality in
initially stable trauma patients. ] Surg Res. 2011;70:286—290.

4. Hudson AJ, Strandenes G, Bjerkvig C, Svanevik M, GlassbergE.
Airway and ventilation management strategies for


https://doi.org/10.1016/j.jss.2020.09.036
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref1
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref1
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref1
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref1
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref1
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref2
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref3
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref3
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref3
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref3
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref4
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref4
https://doi.org/10.1016/j.jss.2020.09.036
https://doi.org/10.1016/j.jss.2020.09.036
https://doi.org/10.1016/j.jss.2020.09.036

ALBERTO ET AL e TRAUMA INTUBATION NON-ROUTINE EVENTS

283

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

hemorrhagic shock. To tube, or not to tube, that is the
question. ] Trauma Acute Care Surg. 2018;84:577—S82.

. Miller KA, Kimia A, Monuteaux MC, et al. Factors associated

with misplaced endotracheal tubes during intubation in
pediatric patients. ] Emerg Med. 2016;51:9—18.

. Hasegawa K, Shigemitsu K, Hagiwara Y, et al, Japanese

Emergency Medicine Research Alliance Investigators.
Association between repeated intubation attempts and
adverse events in emergency departments: an analysis of a
multicenter prospective observational study. Ann Emerg Med.
2012;60:749—754.

. Slagle ], Anders S, Porterfield E, Arnold A, Calderwood C,

Weinger MB. Significant physiological disturbances
associated with non-routine event containing and routine
anesthesia cases. ] Patient Saf. 2015;11:198—203.

. Matte GS, Riley D, LaPierre R, et al. The Children’s Hospital

Boston non-routine event reporting program. J Extra Corpor
Technol. 2010;42:158—162.

. Law KE, Hildebrand EA, Hawthorne HJ, et al. A pilot study of

non-routine events in gynecological surgery: type, impact and
effect. Gynecol Oncol. 2019;152:298—303.

Webman RB, Fritzeen JL, Yang]J, et al. Classification and team
response to nonroutine events occuring during pediatric
trauma resuscitation. ] Trauma Acute Care Surg.
2016;81:666—673.

Bonafide CP, Brady PW, Keren R, Conway PH, Marsolo K,
Daymont C. Development of heart and respiratory rate
percentile curves in hospitalized children. Pediatrics.
2013;131:e1150—e1157.

de Swiet M, Fayers P, Shinebourne EA. Systolic blood pressure
in a population of infants in the first year of life: the
Brompton study. Pediatrics. 1980;65:1028—1035.

Rabbia F, Grosso T, Cat Genova G, et al. Assessing resting
heart rate in adolescents: determinants and correlates. ] Hum
Hypertens. 2002;16:327—332.

de Level MR, Carthey ], Wright DJ, Farewell VT, Reason JT.
Human factors and cardiac surgery: a multicenter study. J
Thorac Cardiovasc Surg. 2000;119:661—672.

Parker SHE, Laviana AA, Wadhera RK, Wiegmann DA,

Sundt 3rd TM. Development and evaluation of an
observational tool for assessing surgical flow disruptions and
their impact on surgical performance. World J Surg.
2010;34:353—361.

Clarke JR, Spejewski B, Gertner AS, et al. An objective analysis
of process errors in trauma resuscitations. Acad Emerg Med.
2000,;7:1303—1310.

Kortbeek JB, Al Turki SA, Ali ], et al. Advanced trauma life
support, 8™ edition, the evidence for change. J Trauma.
2008;64:1638—1650.

O’Connell KJ, Yang S, Cheng M, et al. Process conformance is
associated with successful first intubation attempt and lower
odds of adverse events in a pediatric emergency setting.
Emerg Med J. 2019;36:520—528.

Wiegmann DA, El Bardissi AW, Dearani JA, Daly RC,

Sundt 3rd TM. Disruptions in surgical flow and their
relationship to surgical errors: an exploratory investigation.
Surgery. 2007;142:658—665.

Catchpole KR, Giddings AE, Wilkinson M, Hirst G, Dale T, de
Leval MR. Improving patient safety by identifying latent
failures in successful operations. Surgery. 2007;142:102—110.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Weigl M, Antoniadis S, Chiapponi C, Bruns C, Sevdalis N. The
impact of intra-operative interruptions on surgeons’
perceived workload: an observational study in elective
general and orthopedic surgery. Surg Endosc. 2015;29:145—153.
Wears RL, Hollnagel E, Braithwaite J. Resilient healthcare
Volume 2, the Resilience of everyday clinical work; 2015. Farnham,
Surrey: Ashgate; 2015. Available at: https://books.google.com/
books?isbn=131706514X. Accessed June 25, 2019.

Kellogg KM, Puthumana JS, Fong A, Adams KT, Ratwani RM.
Understanding the types and effects of clinical interruptions
and distractions recorded in a multihospital patient safety
reporting system. J Patient Saf. 2018. https://doi.org/10.1097/
PTS.0000000000000513.

Westbrook JI, Coiera E, Dunsmuir WTM, et al. The impact of
interruptions on clinical task completion. BMJ Qual Saf.
2010;19:284—289.

Oken A, Rasmussen MD, Slagle JM, et al. A facilitated survey
instrument captures significantly more anesthesia events
than does traditional voluntary event reporting.
Anesthesiology. 2007;107:909—922.

Symons NRA, Almoudaris AM, Nagpal K, Vincent CA,
Moorthy K. An observational study of the frequency,
severity, and etiology of failures in postoperative care after
major elective general surgery. Ann Surg. 2013;257:1-5.
Kerrey BT, Rinderknecht AS, Geis GL, Nigrovic LE,

Mittiga MR. Rapid sequence intubation for pediatric
emergency patients: higher frequency of failed attempts
and adverse effects found by video review. Ann Emerg Med.
2012;60:251-259.

Schraagen JM, Schouten T, Smit M, et al. A prospective study
of paediatric cardiac surgical microsystems: assessing the
relationships between non-routine events, teamwork and
patient outcomes. BMJ Qual Saf. 2011;20:599—603.

Carthey J, de Leval MR, Reason JT. The human factor in
cardiac surgery: errors and near misses in a high technology
medical domain. Ann Thorac Surg. 2001;72:300—305.

Seelandt JC, Tschan F, Keller S, et al. Assessing distractors
and teamwork during surgery: developing an event-based
method for direct observation. BMJ Qual Saf.
2014,23:918—-929.

Bonjour TJ, Charny G, Thaxton RE. Trauma resuscitation
evaluation times and correlating human patient simulation
training differences- what is the standard? Mil Med.
2016;181:e1630—e1636.

Murphy M, Curtis K, Lam MK, Palmer CS, Hsu J,

McCloughen A. Simulation-based multidisciplinary team
training decreases time to critical operations for trauma
patients. Injury. 2018;49:953—-958.

Kulp L, Sarcevic A, Cheng M, Zheng Y, Burd RS. Comparing
the effects of paper and digital checklists on team
performance in time-critical work. In: Proceedings of the 2019
CHI Conference on Human Factors in Computing Systems.
2019:547.

Kelleher DC, Carter EA, Waterhouse L], Parsons SE,

Fritzeen JL, Burd RS. Effect of a checklist on advanced trauma
life support task performance during pediatric trauma
resuscitation. Acad Emerg Med. 2014;21:1129—-1134.

Fitzgerald M, Cameron P, Mackenzie C, et al. Trauma
resuscitation errors and computer-assisted decision support.
Arch Surg. 2011;146:218—225.


http://refhub.elsevier.com/S0022-4804(20)30702-2/sref4
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref4
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref4
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref5
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref5
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref5
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref5
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref6
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref7
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref7
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref7
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref7
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref7
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref8
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref8
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref8
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref8
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref9
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref9
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref9
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref9
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref10
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref10
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref10
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref10
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref10
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref11
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref11
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref11
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref11
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref11
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref12
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref12
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref12
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref12
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref13
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref13
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref13
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref13
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref14
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref14
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref14
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref14
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref15
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref16
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref16
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref16
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref16
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref17
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref17
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref17
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref17
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref17
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref18
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref18
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref18
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref18
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref18
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref19
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref19
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref19
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref19
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref19
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref20
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref20
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref20
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref20
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref21
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref21
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref21
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref21
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref21
https://books.google.com/books?isbn=131706514X
https://books.google.com/books?isbn=131706514X
https://books.google.com/books?isbn=131706514X
https://doi.org/10.1097/PTS.0000000000000513
https://doi.org/10.1097/PTS.0000000000000513
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref24
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref24
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref24
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref24
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref25
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref25
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref25
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref25
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref25
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref26
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref26
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref26
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref26
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref26
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref27
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref28
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref28
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref28
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref28
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref28
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref29
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref29
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref29
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref29
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref30
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref30
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref30
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref30
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref30
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref31
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref31
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref31
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref31
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref31
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref32
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref32
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref32
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref32
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref32
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref33
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref33
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref33
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref33
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref33
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref34
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref34
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref34
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref34
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref34
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref35
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref35
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref35
http://refhub.elsevier.com/S0022-4804(20)30702-2/sref35
https://doi.org/10.1016/j.jss.2020.09.036
https://doi.org/10.1016/j.jss.2020.09.036

	Assessment of Nonroutine Events During Intubation After Pediatric Trauma
	Introduction
	Materials and methods
	Setting
	Selection of participants
	Study design
	Analysis

	Results
	Characteristics of study subjects
	Main results: nonroutine events
	Phase: overall
	Phase: prearrival
	Phase: preintubation decision
	Phase: critical window
	Phase: postintubation


	Discussion
	Conclusions
	Disclosure
	Supplementary data
	References


