1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 October 01.

Published in final edited form as:
J Trauma Acute Care Surg. 2016 October ; 81(4): 666—673. doi:10.1097/TA.0000000000001196.

CLASSIFICATION AND TEAM RESPONSE TO NON-ROUTINE
EVENTS OCCURRING DURING PEDIATRIC TRAUMA
RESUSCITATION

Rachel Webman, MD?, Jennifer Fritzeen!, JaeWon Yang, Grace F. Ye2, Paul C. Mullan, MD,

MPHS3, Faisal G. Qureshi, MD#, Sarah H. Parker, PhD®, Aleksandra Sarcevic, PhD8, Ivan
Marsic, PhD’, and Randall S. Burd, MD, PhD?
Rachel Webman: rwebman@childrensnational.org; Jennifer Fritzeen: jfritzee@childrensnational.org; JaeWon Yang:

jayang@childrensnational.org; Grace F. Ye: grace_ye@gwmail.gwu.edu; Paul C. Mullan: mullan20@gmail.com; Faisal G.

Qureshi: Faisal.Qureshi@UTSouthwestern.edu; Sarah H. Parker: sarah.henrickson.parker@gmail.com; Aleksandra
Sarcevic: as3653@drexel.edu; lvan Marsic: imarsic@gmail.com; Randall S. Burd: rburd@childrensnational.org

IDivision of Trauma and Burn Surgery, Children’s National Medical Center, Washington, DC
2George Washington University School of Medicine, Washington DC

3Division of Emergency Medicine and Trauma Services, Children’s Hospital of the King's
Daughters, Norfolk VA

4Division of Pediatric Surgery, University of Texas Southwestern Medical Center, Dallas TX
SVirginia Tech Carilion Research Institute, Roanoke, VA
6College of Computing and Informatics, Drexel University, Philadelphia, PA

"Department of Electrical and Computer Engineering, Rutgers University, Piscataway NJ

Abstract

Background—Errors directly causing serious harm are rare during pediatric trauma
resuscitation, limiting the use of adverse outcome analysis for performance improvement in this
setting. Errors not causing harm due to mitigation or chance may have similar causation and are
more frequent than those causing adverse outcomes. Analyzing these error types is an alternative
to adverse outcome analysis. The purpose of this study was to identify errors of any type during
pediatric trauma resuscitation and evaluate team responses to their occurrence.
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Methods—Errors identified using video analysis were classified as errors of omission or
commission, and selection errors using input from trauma experts. The responses to error types
and error frequency based on patient and event features were compared.

Results—Thirty-nine resuscitations were reviewed, identifying 337 errors (range 2—-26 per
resuscitation). The most common errors were related to cervical spine stabilization (n=93, 27.6%).
Errors of omission (n=135) and commission (n=106) were more common than errors of selection
(n=96). Although 35.9% of all errors were acknowledged and compensation occurred after 43.6%,
no response (acknowledgement or compensation) was observed after 51.3% of errors. Errors of
omission and commission were more often acknowledged (40.7% and 39.6% vs. 25.0%, p=0.03
and £=0.04, respectively) and compensated for (50.4% and 47.2% vs. 29.2%, p=0.004 and p=0.01,
respectively) than selection errors. Response differences between errors of omission and
commission were not observed. The number of errors and the number of high-risk errors that
occurred did not differ based on patient or event features.

Conclusions—Errors are common during pediatric trauma resuscitation. Teams did not respond
to most errors, although differences in team response were observed between error types.
Determining causation of errors may be an approach for identifying latent safety threats
contributing to adverse outcomes during pediatric trauma resuscitation.

LEVEL OF EVIDENCE—VI
STUDY TYPE—prognostic

Keywords

errors; medical; team performance; trauma; healthcare quality assessment; clinical practice
patterns

BACKGROUND

Despite significant efforts to improve patient safety over the past two decades, medical
errors remain an important cause of morbidity and mortality among patients treated in acute
care settings.(1, 2) Identifying risk conditions for errors and understanding steps taken to
mitigate the effect of errors are essential components of any performance improvement
process. Traditional error analysis relies on root cause analysis or its variations, in which
errors leading to an adverse event are determined and processes or structural changes needed
to prevent future errors are identified.(3) Although root cause analysis has a key role in
performance improvement, it is limited by its reliance on retrospective analysis of the small
subset of errors that lead to patient harm and by its vulnerability to hindsight bias.(1, 4) Near
misses, or errors not causing patient harm due to mitigation or chance, are more frequent
than errors leading to adverse outcomes.(5) Because near misses may have similar causation
as errors leading to adverse outcomes, analyzing near misses has been proposed as a more
effective and feasible approach for performance improvement than traditional root cause
analysis.(6)

Critically injured patients have up to a four-fold higher risk of death from errors than general
hospital patients(7), with nearly half of these preventable deaths related to errors that occur
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during the initial resuscitation phase of treatment.(8, 9) Although errors in the initial
evaluation and treatment of injured patients are frequent, previous studies have shown that
most of these errors do not lead to adverse outcomes in the trauma setting.(3, 10) Because
the acuity of injured children is often lower than that of adults treated in most trauma
centers, relying on adverse event analysis to improve the process of care for injured children
is even more challenging. Analyzing the events that lead to and surround near misses, as
well as compensation for near misses, may guide the prevention or mitigation of future
errors and corresponding adverse events among injured children.

The purpose of this study was to: 1. identify and classify errors occurring during pediatric
trauma resuscitation, 2. determine the trauma team’s response to these errors and 3. assess
patient and trauma resuscitation features associated with the occurrence or errors. Our focus
was on detecting all types of errors not just errors directly leading to harm.

METHODS
Study Setting

Children’s National Medical Center (CNMC) is a level 1 pediatric trauma center verified by
the American College of Surgeons, State of Maryland and the District of Columbia serving
the greater Washington, DC region. About 600 injured children each year are evaluated in
the emergency department by the trauma team based on pre-hospital triage criteria. The
trauma bays are equipped with a video recording system that records each evaluation.
Patients are triaged to one of three activation levels based on pre-hospital reports of
mechanism of injury and physiological status. Lower acuity patients coming from the scene
of injury are triaged as “stat” trauma activations. Stable patients initially treated at an outside
hospital are triaged as “transfer” activations. Patients high-acuity injuries are triaged as “stat
attending” activations. The use of video recordings has been approved for use for research
purposes by the Institutional Review Board at Children’s National Medical Center.

Data Source

To capture all potential errors, we evaluated video recordings of resuscitations for the
occurrence of non-routine events (NRES), a broad class of events defined as any event that is
unusual or atypical in the resuscitation process.(11) Videos were reviewed jointly by a
surgeon with Advanced Trauma Life Support (ATLS) certification and a trauma clinical
nurse specialist to identify NREs. NREs within the control of the team and with any
potential for patient harm were coded as errors, while NREs that did not have a potential for
harm or that were caused by circumstances beyond the control of the team were coded as
non-errors or “non-process deviations.” We further classified errors as low- or high-risk
based on the level of potential harm to the patient if unnoticed or unaddressed. Error risk
was determined based on the type of error as well as patient and situation features. For
example, listening to breath sounds over clothing as part of routine analysis of a stable child
was categorized as a low risk error, while tachycardia that was not acknowledged or acted on
for 30 seconds or more was categorized as a high-risk error. The team’s response to each
NRE was also determined by video review and was defined as either verbal
acknowledgement by any team member that the error occurred or a team member taking
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action to compensate for the error. Team responses to errors included acknowledgement,
compensation or both. In a separate phase of analysis, two trauma surgeons and one
pediatric emergency medicine physician independently classified the identified errors as
errors of omission, commission, or selection and further classified the errors into subtypes
using a previously described classification scheme (Appendix).(10) Non-process deviations
were classified using a modification of a previously used approach (Appendix).(12) The
three physicians resolved differences in classification by group consensus.

An increased number of significant physiologic disturbances has previously been reported to
be associated with more frequent NREs during anesthesia induction in the operating room.
(13) We defined significant physiologic disturbances as vital sign values greater than two
standard deviations from the mean for age based on published standards and desaturation
defined as oxygen saturation <90%.(14-16) We identified significant physiologic
disturbances by reviewing recordings of the patient monitor and team responses to
significant physiologic disturbances by video review.

We obtained additional data from our trauma database or from medical chart review,
including patient age, gender, triage level, mechanism of injury, date and time of patient
arrival, Injury Severity Score (ISS), and training background of team leaders. The number of
NRESs per resuscitation was compared between different patient and event features.
Comparison groups included gender, triage level, team pre-notification, mechanism of injury
(blunt versus penetrating), daytime versus nighttime events, weekend versus weekday
events, 1SS level (<10 versus >10), surgical coordinator’s training level (senior resident
versus surgical fellow), and examining provider’s background (junior resident versus other
role as examiner [trauma nurse practitioner, emergency medicine fellow or surgical fellow]).
A chart review of each patient’s hospitalization was performed to identify any adverse
outcomes related to treatment during the initial trauma resuscitation.

During a five-month period (August —December 2014), 205 children presented as trauma
activations. Video from 99 resuscitations were available for analysis after excluding 67
events because of poor video quality or unintended erasure and 35 events because of
inability to obtain consent. In a similar analysis of trauma resuscitation, a 25% difference in
the proportion of errors of omission and other major error types (errors of commission and
selection errors) was observed.(10) Power analysis showed that 38 resuscitations was
sufficient to show a similar effect size with a power of 0.80 and an alpha of 0.025. A
convenient sample of 39 events from the study period was selected to coincide with a
separate and on-going analysis of trauma resuscitation workflow. Patient and resuscitation
features and any known errors or adverse events were not known or used in selecting events
for analysis. Patient and resuscitation features were compared between sampled and non-
sampled events to assess whether this sampling process may have lead to a biased sample.

Data Analysis

Differences between the coded and non-coded resuscitations were assessed using Pearson’s
XZ test, Wilcoxon rank sum test, or Fisher’s exact text where appropriate. Differences in
number of errors between patient and event feature cohorts were compared using the
Wilcoxon rank sum test. Differences in response to error and significant physiologic
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disturbances between classification and risk groups were calculated using Pearson’s XZ test
and multivariate logistic regression using random effects modeling that considered clustering
of errors within patients. We assessed the correlation between the number of errors and
number of non-error NRESs per resuscitation and between the number of errors and the
duration and number of significant physiologic disturbances using Spearman’s correlation
coefficient. We defined statistical significance at p<0.05 for all tests.

Overview of Patient and Resuscitation Features

Patients were mostly male (82.1%), and varied in age from 2 weeks old to 16 years old
(mean 8.2 £ 5.2 years, Table 1). Most were triaged as a “stat” activation (56.4%) and arrived
after notification of the trauma team (87.2%). Most resuscitations occurred on weekdays and
in the evening. Most patients were injured by a blunt injury mechanism (92.3%). The
median ISS was 4, with 12.8% of patients having an ISS greater than 10 (Table 1). A review
of performance improvement data showed that no identified resuscitation error led directly
to an adverse patient outcome. We observed no significant differences in patient or events
features between coded and non-coded resuscitations (Table 1).

Analysis of Errors, Non-error Process Deviations and Significant Physiological
Disturbances

Among the 39 resuscitations, 337 errors were identified, with a median of eight errors per
resuscitation (range 2 to 26 per resuscitation, Table 2). The most common errors were
related to cervical spine stabilization (n=93, 27.6%), including lapses in in-line stabilization
(n=55, 16.3%) and incorrect placement of a cervical collar (n=14, 4.1%). Errors of omission
(n=135, 40.1%) and commission (n=106, 31.5%) were more frequent than errors of selection
(n=96, 28.5%). Errors of omission classified as “partial” (=75, 22.3%) were the most
frequent errors in this category. Errors of commission classified as “prohibited” (n=78,
23.2%) and errors of selection classified as “precondition” (n=41, 12.2%) were the most
common subclasses within their respective categories (Table 2). The mean time from patient
arrival to occurrence of the first error was 5 min 36 sec (range 9 min 43 sec before patient
arrival to 34 min 7 sec after patient arrival). Errors of all classes occurred more frequently
during the primary and secondary survey than during preparatory and post-resuscitative
phases (Figure 1).

Teams responded to 48.7% of errors, 35.9% by acknowledgement and 43.3% by
compensation (Table 2). Errors of omission had the greatest frequency of acknowledgment
and compensation (40.7% and 50.4%, respectively, Table 2) and were more likely to be
acknowledged and compensated for than errors of selection (p=0.01, and p=0.002,
respectively). Errors of commission were also more likely to be acknowledged and
compensated for than errors of selection (p=0.03 and p=0.01, respectively). We observed no
difference, however, in acknowledgement or compensation between errors of omission and
commission (p=0.86 and 0=0.62, respectively). Teams responded to errors of commission
and omission more often than to errors of selection (p=0.04 and p=0.004, respectively). We
observed no difference in response between errors of commission and omission (p=0.48).
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Errors rated as low-risk occurred at a similar percentage as those classified as high-risk.
Errors of selection were less frequently classified as high-risk (34.4%) than were errors of
commission and omission (62.3% p<0.001 and 49.6% p=0.02). No significant difference in
the level of risk between errors of commission and omission was observed. Although no
significant difference was observed between team acknowledgement of high and low-risk
errors, teams compensated for and responded to high-risk errors more frequently than low-
risk errors (p=0.04 and p=0.03).

One hundred seventy-eight non-error process deviations were observed, with a median of
three events per resuscitation (range 0 to16 per resuscitation). Equipment malfunction was
the most common among this class of deviations (n=33, 18.5%), followed by aberrant
personnel (n=32, 18.0%) and patient factors (n=30, 16.9%, Table 3). The average time to
non-error process deviations was 4 min 59 sec after patient arrival (range 9 min 57 sec
before patient arrival to 29 min 52 sec after patient arrival). Non-error process deviations
occurred mostly during the primary (33.2%) and secondary survey (31.5%). Teams
responded to most non-error process deviations (78.1%, Table 3). Among non-error process
deviations, teams responded to external events least frequently (58.6%, Table 3).

Two hundred forty-three significant physiologic disturbances were observed with a mean of
six significant physiologic disturbances per resuscitation (range 1 to 14 per resuscitation).
Tachypnea (n=73, 30.0%) and tachycardia (n=72, 29.6%) were the most frequently observed
significant physiological disturbances. Teams responded to only 16.5% of significant
physiologic disturbances (Table 3). Among all the frequently occurring significant
physiologic disturbances, team acknowledgement and compensation occurred more
frequently for tachycardia (n=15, 20.8% and n=19, 26.4%, Table 3). The average duration of
a significant physiologic disturbance was 2 min 57 sec, ranging from was 30 sec to 33 min
52 sec.

The number of errors and the number of high-risk errors per resuscitation increased with the
number of non-error process deviations per resuscitation (correlation coefficient=0.42
p=0.01 and correlation coefficient=0.62 p<0.001, respectively). Neither the number of errors
or the number of high-risk errors per resuscitation, however, correlated with the number of
significant physiologic disturbances per resuscitation (correlation coefficient=0.07 p=0.69
and correlation coefficient=0.17 p=0.30, respectively) or the total duration of significant
physiologic disturbances per resuscitation (correlation coefficient=0.20 p=0.22). Daytime
events had more errors than nighttime events (p=0.03, Table 4). Events during which a role
other than a junior surgical resident performed the examination had more errors and more
high-risk errors (p=0.03 and p=0.04, respectively [Table 4]). No significant difference or
correlation between any other patient or resuscitation feature and error or high-risk error
frequency was observed (Table 4). The effects of time of day and bedside provider role on
number of errors and high-risk errors, however, were not significant in multivariate analysis
controlling for injury severity (ISS), initial triage level and team pre-notification.

In multivariate models that controlled for patient and event features, selection errors were
less commonly associated with all categories of response (acknowledgement p=0.03,
compensation p=0.004, response £=0.01) than errors of omission. Selection errors were also
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less commonly associated with acknowledgement and compensation (p=0.04 and p=0.01,
respectively) than errors of commission (Table 5). No significant difference in the
association of errors of omission and commission with response was observed (p=0.64). No
significant difference in response of any kind was seen between high and low-risk errors
(acknowledgement £=0.86, compensation £=0.06, response £=0.10). Errors occurring after
the secondary survey were less frequently compensated for than errors committed during all
other phases (preparatory p=0.03, primary survey p<0.001, secondary survey p=0.003) and
less frequently responded to than errors during the primary and secondary surveys (£=0.02
and p=0.05, respectively [Table 5]). Errors occurring in the evaluation and management of
patients injured by a penetrating mechanism were more frequently acknowledged,
compensated for, and responded to than those injured by a blunt mechanism (p=0.01,
p=0.04, and p=0.04, respectively [Table 5]). Errors occurring during a resuscitation in which
a role other than a junior surgical resident performed the bedside evaluation were more
frequently acknowledged (p=0.03 [Table 5]).

DISCUSSION

Medical errors leading to patient harm remain a significant health burden.(17) Identifying
factors associated with these errors, as well as responses to them, is a critical step in
reducing their occurrence and mitigating their effect. In this preliminary report, we
performed an analysis of errors in pediatric trauma resuscitation at our institution to identify
patterns of behavior associated with their occurrence. Many errors that can lead to patient
harm cannot be anticipated. For this reason, error analysis that accounts for near misses in
addition to those leading to adverse events has been proposed as a strategy for understanding
error causation and response.(6, 10, 18-20) The hypothesis underlying this approach is that
the causation of errors that lead to harm is similar to that of errors that do not reach the
patient because of mitigation, patient status or chance. By identifying errors and associated
patterns, regardless of actual patient harm, strategies may be developed to reduce errors or
mitigate their effects.

Although identification of specific errors is useful, classification of errors into broader
groups further facilitates error analysis. A reproducible classification in the context of
pediatric trauma resuscitation may allow differentiating errors that are observed from factors
that lead to them.(21) Errors have been studied in diverse medical disciplines and error
types, team response, and potential error impact differ among disciplines, and even among
studies addressing trauma resuscitation.(10, 22—24) These differences may be attributable to
variations in practices between disciplines and differences in patient profiles. Because of
these variations, development of a generalizable classification scheme will be useful for
clarifying the impact of errors in different clinical settings.

Previous work has shown an increased incidence of NREs among patients experiencing
significant physiologic disturbances in the operating room.(13) Assessment of factors
surrounding or associated with errors, such as non-error process deviations and significant
physiologic disturbances, may help identify conditions that should lead teams to have
increased vigilance for errors. In this initial study, we were unable to show an association
between error frequency and the frequency of significant physiologic disturbances. We were,
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however, able to show a positive correlation between the frequency of errors that occurred
and the frequency of non-error process deviations. This finding suggests the occurrence of
non-preventable non-routine events creates an environment in which teams may be more
likely to commit preventable errors. The correlation between non-error events and errors
within trauma resuscitation is similar to findings in a study of errors occurring during
cardiac surgery.(25)

We observed that errors of all types were most common during the primary and secondary
survey. Previous studies evaluating errors during trauma resuscitation have also found high
error occurrence during the initial assessment phases.(3, 8, 9, 26) This finding may be
related to a higher frequency of tasks during these phases, increasing the opportunity for
error and increasing the vulnerability to error occurrence because of workload. In contrast to
previous studies of trauma resuscitation, we did not observe an association between the
number of errors and either injury severity or team leader experience.(27, 28) Because we
also observed no association between injury severity or leader experience and the number of
high-risk errors per resuscitation, this finding was not related to our use of a broader
definition for errors that also included those at low-risk for patient harm.

In our study, near-miss errors were commonly observed, with more than half not recognized
or acknowledged by the trauma teams. The reasons that near-misses that had no apparent
team response did not cause harm may have been related to several factors, including patient
‘robustness’ (resilience to the impact of a given error) (19), the absence of an injury that the
error would have impacted, the occurrence of errors at low risk for potential harm (errors
with a low probability of causing harm even among vulnerable patients) and ‘luck’
(unidentified circumstances preventing error propagation to the patient) (19). We also
observed that the teams’ response to errors differed by error type and risk as well as phase of
the resuscitation and mechanism of injury. We did not observe differences in response to
errors related to either injury severity or type of team leader. These findings highlight the
importance of assessing not only error occurrence but also response to errors when
implementing performance improvement interventions in this setting.

This study has several limitations. First, because this study was performed at a single
institution, the results may not be generalizable to other trauma centers. Second, this study
was based on a sample of trauma resuscitations with few severely injured children.
Confirmation of results in a large population and assessment of error patterns in severely
injured children is critical for a complete description of deviations during trauma
resuscitations. Third, error coding was based on subjective evaluation by experienced
reviewers and could be subject to bias. We attempted to minimize this bias by using a two
phased coding and classification approach and including several evaluators at each phase.
Finally, our approach was based on the hypothesis that errors that do not lead to harm have a
similar causation as those that do result in harm. Although we have classified the risk of
harm, validation of this risk will require a large-scale study in which each error type is
linked with an observed adverse event.

Approaches for preventing and mitigating errors may depend on the nature of and frequency
of each error type. For frequently occurring errors, education or changes in the processes
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used for trauma resuscitation may help prevent their occurrence. For rare or unpredictable
errors, strategies that are focused on early recognition and mitigation may be more
appropriate. Analysis of near-misses has many advantages over adverse event analysis for
identifying strategies for improving performance, including a greater frequency allowing
quantitative analysis of error causation and response. Our study highlighted the advantages
of quantitative error analysis, providing several new insights based on analyses of the type of
and responses to errors and their association with patient and resuscitation features.
Although these errors did not cause harm, our findings show the potential for using
observation of everyday clinical work and the errors that occur within it as a method for
performance improvement when adverse outcomes are rare. ldentification of patterns of
errors that do not lead to patient harm can aid in identifying risk factors for adverse
outcomes and prevention of error-related patient injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Multivariate Analysis of Patient, Event and Error Features and Team Response to Errors

Table 5

Features

Error Acknowledgement

OddsRatio (Cl)

Error Compensation

OddsRatio (CI)

Overall Team
Response
Odds Ratio (ClI)

Male (reference = female)

Age

Transfer triage (reference = triage as ‘stat’)

Mechanism of injury (reference = blunt)
Penetrating

Burn

ISS > 10 (reference = ISS < 10)
No pre-notification (reference = team notified in advance)
Weekend (reference = weekday)
Daytime (reference = nighttime)
Surgical fellow present
Junior resident present
High risk
Error class (reference = selection)
Omission
Commission
Commission (reference = omission)
Phase (reference = post-secondary survey)
Preparatory phase
Primary survey

Secondary survey

1.05 (0.51, 2.15)
0.99 (0.51, 1.04)
0.81 (0.42, 1.55)

5.91 (142, 24.52)
na*

1.31 (0.50, 3.39)
0.66 (0.30, 1.46)
1.01 (0.57, 1.80)
052 (0.23, 1.16)
1.13 (0.61, 2.10)
0.36 (0.14, 0.92)
0.95 (0.56, 1.62)

2.07 (1.09, 3.93)
2.10 (1.05, 4.21)
1.02 (0.56, 1.62)

1.89 (0.64, 5.61)
1.59 (0.69, 3.68)
1.77 (0.80, 3.91)

0.57 (0.24, 1.35)
0.99 (0.92, 1.06)
0.90 (0.40, 2.01)

7.12 (1.13, 44.67)
3.16 (0.19, 53.69)

0.88 (0.28, 2.74)
1.15 (0.45, 3.97)
0.97 (0.49, 1.93)
0.65 (0.26, 1.65)
0.77 (0.36, 1.64)
0.58 (0.18, 1.89)
1.72 (0.98, 3.00)

2.58 (1.35, 4.95)
2.53 (1.24,5.14)
0.98 (0.54, 1.79)

3.78 (1.17, 12.16)
5.65 (2.24, 14.23)
3.76 (1.56, 9.04)

0.64 (0.28, 1.46)
0.99 (0.93, 1.06)
1.01 (0.47, 2.18)

6.53 (1.10, 38.60)
2.37 (0.15, 37.67)

1.10 (0.37,3.27)
0.98 (0.40, 2.45)
1.16 (0.60, 2.23)
0.54 (0.22, 1.33)
0.99 (0.49, 2.02)
0.39 (0.13, 1.18)
158 (0.92, 2.73)

2.25(1.20, 4.21)
1.95 (0.98, 3.88)
0.87 (0.48, 1.57)

1.88 (0.63, 5.63)
2.73 (1.18, 6.36)
2.23 (1.00, 4.98)

ISS, injury severity score; na, not applicable;

*

no errors were acknowledge during the resuscitation of the burn patient
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