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ABSTRACT
Objectives Rapid sequence intubation (RSI) is
the standard for definitive airway management
in emergency medicine. In a video-based study
of RSI in a paediatric emergency department
(ED), we reported a high degree of process
variation and frequent adverse effects, including
oxyhaemoglobin desaturation (SpO2<90%). This
report describes a multidisciplinary initiative to
improve the performance and safety of RSI in a
paediatric ED.
Methods We conducted a local improvement
initiative in a high-volume academic paediatric
ED. We simultaneously tested: (1) an RSI
checklist, (2) a pilot/copilot model for checklist
execution, (3) the use of a video laryngoscope
and (4) the restriction of laryngoscopy to specific
providers. Data were collected primarily by video
review during the testing period and the
historical period (2009–2010, baseline). We
generated statistical process control charts (Gcharts) to measure change in the performance of
six key processes, attempt failure and the
occurrence of oxyhaemoglobin desaturation
during RSI. We iteratively revised the four
interventions through multiple plan-do-study-act
cycles within the Model for Improvement.
Results There were 75 cases of RSI during the
testing period ( July 2012–September 2013).
Special cause variation occurred on the G-charts
for three of six key processes, attempt failure and
desaturation, indicating significant improvement.
The frequency of desaturation was 50% lower in
the testing period than the historical (16% vs
33%). When all six key processes were
performed, only 6% of patients experienced
desaturation.
Conclusions Following the simultaneous
introduction of four interventions in a paediatric
ED, RSI was performed more reliably, successfully
and safely.

INTRODUCTION
Rapid sequence intubation (RSI) is the
most common, complex procedure performed in a paediatric emergency department (ED),1–3 and is the standard for
definitive airway management. As spontaneous respiration ceases during RSI,
critically ill or injured patients are at risk
for physiological deterioration, in particular, hypoxaemia. Profound or prolonged hypoxaemia, measured clinically
as oxyhaemoglobin desaturation, may
lead to neurological injury4–9 and
increase the risk of mortality.10–12
We recently reported a higher frequency
of desaturation during RSI in a paediatric
ED than previously described.13 Using
video review, we found surprising variation in the performance of RSI, from
errors in medication selection to frequent,
prolonged
laryngoscopy
attempts.
Desaturation occurred for 33% of
patients; the median number of patients
between those with desaturation was one.
Nearly one in five patients had multiple
episodes of desaturation during RSI, and
two patients developed cardiac arrest.
Motivated by these findings, we conducted a quality improvement initiative to
improve the safety of RSI in our ED. The
objective of the initiative was to reduce
variation in the performance of RSI and,
thereby, improving procedure-related
safety. Our specific aim was to increase
the median number of patients between
those with desaturation.
METHODS
Ethical considerations

Prior to initiation of the project, our
institutional review board evaluated our
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proposal and determined it was not human-subjects
research, based on federal regulations and our institutional guideline. The use of video recording has been
an integral aspect of divisional quality assurance and
peer review activities for more than a decade, and
consent for use of video recordings for these purposes
is included in our general ED consent for treatment.
Setting

The setting was our institution’s paediatric ED
(∼70 000 annual visits), where RSI is performed in a
dedicated resuscitation area. Resuscitation-area
patients are managed by multidisciplinary teams led
by a paediatric emergency medicine (PEM) physician.
Before the project began, the PEM physician team
leader was responsible for both patient management
and procedural supervision. Laryngoscopy attempts
were performed by residents, fellows or faculty physicians. Anaesthesiologists were responsible for the
airway management of trauma patients, and were,
otherwise, available as needed.
Planning the interventions
Improvement team

In the spring of 2012, a multidisciplinary improvement team was convened consisting of physicians,
respiratory therapists and nurses from the ED, a
research coordinator and an analyst. The ED medical
director served as project champion, and contributed
to regular communications with ED staff. This team
was integrated into our divisional and institutional
infrastructure for quality improvement.
Theory for improvement

We theorised that interventions designed to optimise
patient preparation, minimise the duration of ineffective ventilation and facilitate early recognition of
failing intubation attempts would markedly reduce the
frequency of desaturation during RSI. We developed a
key driver diagram to make our theory explicit (see
online supplementary appendix 1). Key drivers were
based on our initial study, the relevant literature and a
standard description of RSI.14
Patients and interventions

The disposition for all patients undergoing RSI in our
ED is admission to a critical care unit, the OR or
death. To identify patients for the current project, we
used our institution’s electronic health record (EHR)
to generate a weekly list of all ED patients who were
both evaluated in the resuscitation area and had one
of these dispositions. A study investigator then manually reviewed the EHR to determine if RSI was performed in the ED for these patients. Using similar
methods in a previous study, we captured 99% of
patients undergoing RSI.13
The interventions were intended for all patients
undergoing RSI during the testing period. The first
intervention was an RSI checklist (see online
2

supplementary appendix 2), modelled after the
WHO’s surgical safety checklist.15 The checklist’s
purpose was to promote recall of key aspects of the
RSI process and to decrease cognitive load on team
leaders. Checklist elements were designed to target
key drivers and to address other aspects of RSI performed suboptimally in our initial study. The checklist
included explicit time limits on several procedural
steps: a 45 s pause between administration of the
neuromuscular blocking medication and initiation of
laryngoscopy, a 45 s limit on the duration of individual laryngoscopy attempts and a minimum of 1 min
of reoxygenation following any unsuccessful attempt.
The second intervention was a pilot–copilot model
for checklist execution. The ‘pilot’ was the physician
team leader responsible for supervising the resuscitation and performing RSI. The ‘copilot’ was an additional ED provider charged with executing the
checklist. The purposes of this intervention were to
provide additional airway management expertise and
to increase the likelihood that key processes were
completed.
The third intervention was the restriction of laryngoscopy attempts to the following physician types:
PEM faculty and fellows, anaesthesiologists and
senior-level emergency medicine residents. In addition
to removing the less formally trained providers (∼170
residents), the purpose of these restrictions was to
maximise adoption of the interventions by providing
a finite pool of providers for educational and
reinforcement efforts.
The fourth intervention was the use of a video
laryngoscope (Storz C-MAC, monitor 8401 ZX,
module 8401 X, Karl Storz, Tuttlingen, Germany).
The C-MAC may be used for either direct or video
laryngoscopy, based on a blade design that mimics
traditional Miller and Macintosh blades. We did not
intend to use this device for video laryngoscopy; thus,
we neither provided formal education on the performance of video laryngoscopy nor encouraged its
use. Rather, providers performing the intubation were
asked to use the video laryngoscope for direct laryngoscopy only. The video portion of the device was
used by the copilot to see the intraoral aspects of the
procedure, typically only visible to the provider performing direct laryngoscopy. The copilot’s responsibility was to watch the video screen and verbalise
tracheal or non-tracheal placement of the tube. The
purposes of this intervention were to enhance crosschecking during laryngoscopy, to raise team-level situation awareness, to improve recognition of a failing
attempt and to decrease the likelihood that a misplaced tube would go unrecognised.
Education of staff

Prior to testing of the interventions, all ED providers
who might participate in RSI were educated on the
project’s objectives and the four interventions. The
Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713

Downloaded from http://qualitysafety.bmj.com/ on July 17, 2015 - Published by group.bmj.com

Quality improvement report
modes of education were formal presentations, email
updates and informal conversations. One of the
improvement team leaders (BTK) specifically trained
all PEM faculty and fellows on the use of the checklist
and the pilot/copilot roles.
Testing and refining the interventions

After drafting the initial interventions, we conducted
multiple plan-do-study-act (PDSA) cycles to test and
revise them, beginning with simulations on a highfidelity human patient simulator (May 2012).
Following the simulations, revisions were made to the
checklist, the system to activate the copilot and the
recommended positioning of the care providers and
the video laryngoscope screen.
Testing of the interventions for actual ED patients
began in July 2012. To understand how the interventions were being used and to inform further revisions,
the improvement team met weekly to review each
case. Early in the testing period, care providers were
having difficulty completing time-based checklist elements. In response, digital timers were attached to the
top of the video laryngoscope screen, one each for
preoxygenation, the pause after neuromuscular
blocker administration and the limit on the duration
of each laryngoscopy attempt. Timer-specific language
was added to the checklist, and the responsibility for
timer activation was assigned to the ED respiratory
therapist, a PEM fellow or the copilot.
Several PDSA cycles were conducted to determine
the ideal type of provider for the copilot role.
Ultimately, we decided a second PEM faculty physician should be the copilot in our ED. If a second
PEM physician was unavailable, the care team was
given autonomy to reassign the copilot role.
Ultimately, a PEM faculty physician performed the
copilot role almost exclusively.
During the first month of testing, we observed that
traditional methods of communication and education
seemed impersonal, being directed to all providers
and not those for a specific case. To address this deficiency, we developed a standard provider feedback
form (see online supplementary appendix 3). For each
case, the form included the key process and outcome
measures and a brief narrative summary. One to three
weeks following the improvement team’s review, the
lead investigator emailed the feedback form to the
physician team leader, the copilot, the lead and
bedside nurses and the respiratory therapist.
Planning the study of the interventions
Data collection

Each ‘bay’ in our resuscitation area is equipped with a
ceiling-mounted digital camera and microphone, both
of which record continuously. With the exception of
demographics, we collected data for this project primarily through review of video recordings. Videos
were reviewed using a proprietary software program
Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713

(VideoSphere, March Networks, Ontario, Canada).
Prior to the testing period, the improvement team
leader trained a research coordinator to collect data
from these recordings. We employed the same
approach used in our original study, where measures
of interobserver agreement were high for time-based
variables.13 All data were collected on a standard
form and then entered into a Microsoft Access database (Microsoft, Redmond, Washington, USA).
Following the end of data collection, two team
members compared all completed data collection
forms with the database to identify and correct
discrepancies.
Methods of evaluation

To assess adherence to and the impact of the interventions, we measured the performance of six key processes, each corresponding to one or more key drivers:
(1) use of the checklist, (2) appropriate preoxygenation, (3) use of the video laryngoscope on the first
attempt, (4) appropriate laryngoscopist on the first
attempt, (5) first laryngoscopy attempt duration ≤45 s
and (6) confirmation of endotracheal tube (ETT) placement within 20 s using end-tidal carbon dioxide monitoring. We used the same definitions as in our original
study.13 We defined checklist use as the copilot being
present at the bedside with the checklist in hand and
verbalising checklist items to confirm/ensure performance. We defined adequate preoxygenation as at least
3 min of uninterrupted administration of 100%
oxygen immediately before administration of the RSI
sedative medication.
Our main outcome was oxyhaemoglobin desaturation during RSI, defined as verbalisation of the pulse
oximetry reading dropping to <90% during RSI. We
defined the RSI interval as starting with the administration of the sedative and ending with securement of
the ETT.
We collected data for numerous other aspects of the
RSI process, including the completion of specific
checklist elements, the number of laryngoscopy
attempts and the occurrence of oesophageal intubation. We defined oesophageal intubation as verbalisation on the video recording that the ETT was inserted
anywhere, but the trachea, including through visualisation of the video laryngoscope screen or by standard methods of confirmation, primarily end-tidal
carbon dioxide monitoring and auscultation.
Analysis

To measure change in key processes and outcomes, we
first considered p-charts. Our historical data indicated
that 33% of patients undergoing RSI experienced at
least one episode of desaturation. Based on this incidence, a minimum subgroup size of 22 patients would
have been required to yield meaningful control
limits.16 As there were 123 occurrences of RSI during
the 12-month historical period, a subgroup size of 22
would have required >2 months to accrue, making
3
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the p-chart less useful for rapidly detecting change.
Therefore, we constructed G-charts, a statistical
process control chart that measures the number of
patients between patients with the outcome of interest, for example, desaturation. We selected this
method because of the relatively low incidence of RSI
in our ED. We believed that G-charts would allow
each occurrence to be immediately evaluated, fostering near real-time learning for an uncommon event.16
In addition to the key processes and desaturation, we
theorised that attempt success might also change, with
the potential for improvement. Thus, we constructed
G-charts for the six key processes, attempt success
and desaturation.
To calculate a baseline for the G-charts, we used
data from the historical period (March 2009–April
2010); a baseline was not calculated for the checklist
and video laryngoscope, as these were not in use
during the historical period. To determine whether
variation on the G-chart was statistically significant,
we used accepted rules for the determination of
common and special cause variations.16
Adjunctive to the G-charts, between the historical
and testing periods, we directly compared the key
process performance, attempt success and desaturation. As an additional measure of statistical significance, we calculated 95% CIs for the absolute
percentage differences between periods. We compared
the percentage of patients with desaturation between
those older and younger than 24 months, as patients
in the younger age group were at the highest risk for
desaturation during the historical period. Finally, to
determine whether completion of the interventions
themselves was associated with improvement in the
primary outcome, we stratified patients with
Table 1 Characteristics of patients undergoing rapid sequence
intubation in a single paediatric emergency department during two
study periods
Historical
(n=114)

Testing
(n=75)

Age (years)
2.4 (0.4, 10.1)
2.9 (0.3, 10.9)
≤24 months*
54 (47)
34 (45)
Female
54 (47)
20 (27)
Medical (non-trauma)
89 (78)
59 (79)
PRISM†
6 (2, 12)
7 (4, 13)
Respiratory indication for
56 (49)
34 (49)
intubation‡
Diagnostic category: lower
42 (37)
25 (36)§
respiratory/shock
Historical=April 2009–March 2010 and Testing=July 2012–September
2013.
Number (%) or median (IQR) shown.
*
Highest risk for desaturation in separate study.
†PRISM II score; n=111 for the historical period and n=56 for the testing
period.
‡Oxygenation or ventilation failure or apnoea; n=70 for testing period.
§n=70 for testing period.
PRISM, Paediatric RISk of Mortality.
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desaturation by the number of key processes performed (all performed vs one or more not performed). We performed all data tabulations and
calculations with Microsoft Excel 2010 (Microsoft),
except for CI estimates, which we generated with an
online calculator (http://vassarstats.net/prop1.html;
http://vassarstats.net/prop2_ind.html).
RESULTS
Patients

During the testing period ( July 2012–September
2013), there were 75 cases of RSI. For two cases,
oxygen saturation data were unavailable. During the
historical period, data were collected for 114 (92%)
of the patients who underwent RSI. Table 1 displays
the patient characteristics for the historical and the
testing periods. The two groups were nearly identical
for all characteristics, except gender.
Performance of key processes

Special cause variation, evidenced by a data point
outside the upper control limit, was noted for the
following three key processes during the testing
period: appropriate laryngoscopist on the first laryngoscopy attempt, first laryngoscopy attempt ≤45 s and
end-tidal carbon dioxide confirmation within 20 s of
insertion of the first ETT (figure 1A–C). Based on the
occurrences of special cause variation and our team’s
high degree of belief that these occurrences were associated with the interventions, we adjusted the upper
control limits and centre lines for these three process
measures. Special cause variation was not detected for
preoxygenation (figure 1D); the determination of
special cause was not applicable for the two key
processes for which baseline data were unavailable
(see online supplementary checklist and video laryngoscope, appendix). By direct comparison (table 2),
there was significantly better performance of the same
three processes for which special cause variation was
noted.
The checklist was used for 69 of 75 cases (92%)
during the testing period. Fourteen checklist items
were applicable to all patients. When the checklist was
used, the processes corresponding to these 14 items
were performed an average 88% of the time (range
75%–90%). RSI steps completed more frequently
when the checklist was used included: discussion of
the potential for a difficult airway (75% with checklist
vs 33% without), 45 s pause after administration of
the neuromuscular blocker (97% vs 33%) and visualisation of the ETT passing the vocal cords on the
video screen (90% vs 0%). The high percentage of
checklist usage precluded an assessment of the statistical significance of these differences. The checklist
was used for all 27 cases with at least one failed
attempt; correct reoxygenation after first attempt
failure was performed for 67% of these cases, and
Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713
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Figure 1 Statistical process control charts (G-charts) for six key processes of the rapid sequence intubation procedure. Y
axis=number of patients between those with the outcome of interest, for example, preoxygenation failure. There were no data
available to estimate a baseline for the use of the checklist and the video laryngoscope, as these were not in use prior to the
improvement project. Squares indicate patients with process failures ( pts btw); open squares are used for the historical period and
closed squares for the testing period, except for the final square, which is open to indicate a lack of failure in the final run of
patients. The 2-year gap between periods, for those processes with baseline data, is indicated by a vertical bar. The median is
indicated by a solid line and the upper control limit (UL) by a dashed line; these lines were adjusted primarily after the occurrence of a
single point above the UL. Preoxygenation failure was defined as an inappropriate method of administration or longest continuous
duration <3 min. End-tidal carbon dioxide monitoring failure was defined as not having been used at all to confirm placement of the
first insertion of an endotracheal tube.
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Table 2 Performance of six key processes for patients
undergoing rapid sequence intubation in a single paediatric
emergency department during two periods
Historical
(n=114)

Testing
(n=75)

% Difference
(95% CI)

Checklist used
n/a*
69 (92)
Preoxygenation
87 (79)
62 (84)
5 (−7 to 16)
appropriate†
Video laryngoscope
n/a*
63 (84)
used
Laryngoscopist
54 (47)
70 (93)
46 (34 to 56)
appropriate‡
1st attempt ≤45 s
81 (72)§
64 (85)
13 (1 to 24)
3 (3)
71 (96)
93 (82 to 95)
ETCO2 used for
confirmation¶
Historical=April 2009–March 2010, Testing=July 2012–September 2013.
n (%) or % difference shown.
*Checklist and video laryngoscope were not in use during the historical
period.
†>3 min with one of the approved methods; n=110 for historical period,
n=74 for intervention period.
‡Paediatric emergency medicine faculty or fellow, anaesthesiology or
emergency medicine resident.
§n=112.
¶Presence of ETCO2 via capnometry acknowledged on video within 20 s of
tube placement after the first insertion of an endotracheal tube; n=93 for
historical period and n=74 for testing period.
ETCO2, end-tidal carbon dioxide; n/a, not applicable.

there was a change in the approach to laryngoscopy/
intubation on the subsequent attempt for 78%.
Attempt failure

Special cause variation occurred for first or second
attempt failure (see online supplementary appendix
4), indicating improved success of laryngoscopy
attempts over time. Both the first and second attempts
failed for 9% (7/75) of patients in the testing period
versus 26% (30/114) historically (absolute difference
17%, 95% CI 6% to 27%).

Oxyhaemoglobin desaturation

Special cause variation was first detected in the occurrence of desaturation in November 2012, followed by
another point above the upper control limit in May
2013 (figure 2). Based on these special causes and our
team’s degree of belief that they were related to
improvements in key process measures, we recalculated the centreline and upper control limit; the
median number of patients between episodes of desaturation increased from one to four.
During the testing period, desaturation occurred for
16% (12/73) of patients, compared with 33% (38/114)
during the historical period (absolute difference 17%,
95% CI 4% to 28%). For two cases during the testing
period, the occurrence of desaturation could not be
determined ( pulse oximeter malfunction during RSI).
Multiple episodes of desaturation occurred for 3% (2/
73) in the testing period, compared with 16% (18/114)
in the historical period (absolute difference 13%, 95%
CI 4% to 21%). For patients aged 24 months or
younger, desaturation occurred for 27% (9/33) during
the testing period, compared with 60% (32/53) during
the historical period (absolute difference 33%, 95% CI
11% to 50%). All six key processes were performed
for 34 cases (45%) during the testing period.
Desaturation occurred for 6% (2/34) of these patients,
compared with 24% (10/39) if one or more key processes were not performed (absolute difference 18%,
95% CI 2% to 34%).
DISCUSSION
The aim of this improvement project was to reduce
the incidence of oxyhaemoglobin desaturation during
RSI in our paediatric ED. We accomplished this aim,
and we believe the decreased incidence of desaturation was linked both to improved performance of
three key processes (appropriate laryngoscopist, first
attempt ≤45 s and end-tidal carbon dioxide within

Figure 2 Statistical process control chart (G-chart) for the main outcome: oxyhaemoglobin desaturation during rapid sequence
intubation. Y axis=the number of patients between those with desaturation. Circles indicate a patient with desaturation, open circles
for the historical period and closed circles for the testing period ( pts btw). For the final patient in the testing period, an open circle
indicates that there were no patients with desaturation in the final series. The 2-year gap between periods is indicated by a vertical
bar. The median is indicated by a solid line and the upper control (UL) limit by a dashed line; these lines were adjusted after the
occurrence of a single point above the UL. The two patients for which desaturation could not be determined are not included in this
chart.
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20 s) and greater success on the first two attempts. We
acknowledge the delay between the improvement in
the key processes and the outcome. We believe this
delay is explained by the time required to refine the
interventions through multiple PDSAs, including
those related to the digital timers, pilot/copilot role
and provider feedback.
For young, critically ill or injured children, the complexity of the RSI procedure cannot be overstated.
The orchestration of numerous interdependent steps,
while ensuring all non-procedural care is delivered,
can challenge even the most seasoned team leaders. In
one report describing a scoring tool for the performance of endotracheal intubation, the performing provider was responsible for 34 separate steps.17
Compounding this complexity is the relative rarity of
RSI at the provider level2 and the high degree of variation in the experience and make-up of ED care
teams. We designed and implemented an RSI checklist, and a pilot/copilot model for checklist execution,
to reduce the cognitive load on the team leader and
increase the performance of key RSI processes.
Few published reports describe formal efforts to
improve the process of emergency intubation.18–21
Jaber et al19 described the impact of a ‘bundle management protocol’ on the safety of emergent intubation in three intensive care units in France.
Introduction of the protocol was associated with a
reduction in life-threatening complications from 34%
to 21%, a baseline and improvement similar to our
findings. The protocol included 10 items, four of
which overlap with aspects of our interventions.
Checklists have been advocated as an ideal tool to
improve the performance and safety of complex procedures in healthcare,22 and checklist-based interventions have been associated with improvements in the
safety of surgery and central line placement.15 23 As
noted in recent editorials,24 25 simply asking providers
to complete a checklist is likely insufficient to improve
outcomes for any procedure. Checklists may be ideal
instruments on which to focus broader and deeper
education and reinforcement efforts.24 Checklists for
emergency and elective intubation have been published.18 26–28 Although sharing common elements
with our checklist, none of these were accompanied
by controlled analyses, and none used direct observation/video review for data collection. This latter point
is crucial to interpretation of our results, as we were
able to confirm rather than assume that the checklist
was used.
Removing a subset of trainees from the pool of providers performing laryngoscopy and intubation may
have directly reduced failed and prolonged attempts
and indirectly reduced the frequency of desaturation.
We believe, however, that other aspects of the interventions contributed to improved attempt success.
PEM fellows performed 60% of first attempts in the
testing period, but were not significantly more
Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713

successful than residents in the historical period (43%
first attempt success, 47% overall vs 35% first
attempt, 36% overall). Moreover, when all key processes were performed, the frequency of desaturation
was especially low. All 12 patients with desaturation
during RSI had the correct intubating provider on the
initial attempt; desaturation did not occur for the five
cases with an incorrect intubating provider on the
initial attempt.
We believe that our project produced a culture of
improvement around RSI. Several aspects of the
project contributed to this, including transparent
reporting of our less-than-ideal baseline performance
of RSI, our leadership’s consistent support, the willingness of our providers to experience the vulnerability of video review, the integration of peer review in
the form of individual provider feedback forms and
the continued integration of the RSI checklist in an
organised simulation programme. However, despite
the documented improvement in our primary
outcome and our increasing confidence in a linkage
between this improvement and key processes, the sustainability of improvement is not convincingly
addressed by the data presented thus far. The complexity of our interventions and the resources required
to employ them may limit sustained improvement.
We constructed a p-chart post hoc to better assess
whether the special cause variation noted on the
G-charts truly reflected sustained improvement
(figure 3). To construct the p-chart, we used limited
data we continued to collect following completion of
the project. Our chosen subgroup size of 10 limited
the utility of the lower control limit, but special cause
variation evidenced by a run of eight points below the
centreline was noted. We are cautiously optimistic that
the reduced incidence of desaturation achieved during
the improvement project has been sustained during
the 2 years since the project ended.
LIMITATIONS
The results of our project should be interpreted in
light of several limitations. First, there was a 2-year
gap between the historical and intervention periods,
as we were not collecting video data during this
period. The data from our original study was published during this 2-year period, but there were no
specific interventions to improve RSI performance,
and patient characteristics were generally similar
between the two periods. Second, there was a notable
reduction in the number of patients undergoing RSI
in the intervention period (75 in 15 months vs 114 in
12 months). We are not certain whether this difference was due to secular trend, specific decisions not
to perform RSI, random variation or a combination.
There was a difference in gender between the historical and intervention periods, but gender is unlikely to
impact the decision to perform RSI. As noted, patient
characteristics were, otherwise, similar. Third, we did
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Figure 3 P-chart for oxyhaemoglobin desaturation during rapid sequence intubation. Y axis=proportion of subset of patients with
desaturation. Subset=10 for all points except last (n=7). The double vertical line indicates the 2-year gap in data collection (April
2010–July 2012). Patients for whom desaturation could not be determined are not included.

not have continuously measured pulse oximetry data
to determine desaturation. It is possible that the care
team failed to verbalise desaturation and that the frequency of verbalisation differed between the two
study periods. We now include the patient monitor in
our data collection, and have noted that the care team
rarely fails to verbalise episodes of desaturation;
failure to verbalise the depth and duration of desaturation are more common. Although we believe that the
frequency of verbalisation was likely similar during
study periods, this is a significant limitation that
would only be resolved through the collection of continuously recorded, accurate vital sign data. Fourth, it
is possible that ‘easier’ cases may have been associated
with both checklist usage and item completion. The
checklist was used, however, for >90% of patients
during the testing period, making it unlikely that it
was used only for less complicated cases. Finally, as
we tested them simultaneously, we are unable to determine the contribution of individual interventions to
improvement in the primary outcome.
CONCLUSION
The introduction of four interventions in an academic
paediatric ED was associated with improved performance of several key RSI processes and attempt success.
We believe these improvements directly improved
attempt success and reduced the incidence of oxyhaemoglobin desaturation during RSI. Improved RSI
performance, attempt success and safety were realised
without extensive efforts to improve the airway skills
of ED providers.
Acknowledgements We gratefully acknowledge the support of
the following individuals and groups, without whom our
project would have been impossible to complete: Karen Ahaus
and Tina Eubanks, Rachel Talley, Michelle Caruso, Richard

8

Ruddy and the entire Division of Emergency Medicine and
Emergency Services at Cincinnati Children’s Hospital.
Contributors All authors contributed to generation of the
project idea, its overall design, testing and revision of the
interventions and composition of the manuscript. BTK was the
project leader, and was primarily responsible for all educational
efforts and drafting of the manuscript. MRM, KRV, JWL and
SBI provided expertise on quality improvement methodologies.
JWL acted as project champion. MEF and TEJ were responsible
for primary education of non-physician providers. JD collected
all project data, maintained the project database and assisted
with all educational efforts. BTK, SBI and MRM lead the
revision process for the first and second resubmission.
Competing interests None declared.
Ethics approval Head of the Institutional Review Board.
Provenance and peer review Not commissioned; externally
peer reviewed.
Data sharing statement All data collected for our project are
available for internal use only.

REFERENCES
1 Schoenfeld PS, Baker MD. Management of cardiopulmonary
and trauma resuscitation in the pediatric emergency
department. Pediatrics 1993;91:726–9.
2 Mittiga MR, Geis GL, Kerrey BT, et al. The spectrum and
frequency of critical procedures performed in a pediatric
emergency department: implications of a provider-level view.
Ann Emerg Med 2013;61:263–70.
3 Green SM, Ruben J. Emergency department children are not as
sick as adults: implications for critical care skills retention in an
exclusively pediatric emergency medicine practice. J Emerg Med
2009;37:359–68.
4 Clark RS, Kochanek PM, Dixon CE, et al. Early
neuropathologic effects of mild or moderate hypoxemia after
controlled cortical impact injury in rats. J Neurotrauma
1997;14:179–89.
5 Yang SH, Gangidine M, Pritts TA, et al. Interleukin 6 mediates
neuroinflammation and motor coordination deficits after mild
traumatic brain injury and brief hypoxia in mice. Shock
2013;40:471–5.

Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713

Downloaded from http://qualitysafety.bmj.com/ on July 17, 2015 - Published by group.bmj.com

Quality improvement report
6 Feng JF, Zhao X, Gurkoff GG, et al. Post-traumatic hypoxia
exacerbates neuronal cell death in the hippocampus.
J Neurotrauma 2012;29:1167–79.
7 Yan EB, Hellewell SC, Bellander BM, et al. Post-traumatic
hypoxia exacerbates neurological deficit, neuroinflammation
and cerebral metabolism in rats with diffuse traumatic brain
injury. J Neuroinflammation 2011;8:147.
8 Hellewell SC, Yan EB, Agyapomaa DA, et al. Post-traumatic
hypoxia exacerbates brain tissue damage: analysis of axonal
injury and glial responses. J Neurotrauma 2010;27:1997–2010.
9 Bramlett HM, Dietrich WD, Green EJ. Secondary hypoxia
following moderate fluid percussion brain injury in rats
exacerbates sensorimotor and cognitive deficits. J Neurotrauma
1999;16:1035–47.
10 Chi JH, Knudson MM, Vassar MJ, et al. Prehospital
hypoxia affects outcome in patients with traumatic brain
injury: a prospective multicenter study. J Trauma
2006;61:1134–41.
11 Davis DP, Dunford JV, Poste JC, et al. The impact of hypoxia
and hyperventilation on outcome after paramedic rapid
sequence intubation of severely head-injured patients. J Trauma
2004;57:1–8; discussion -10.
12 Davis DP, Meade W, Sise MJ, et al. Both hypoxemia and
extreme hyperoxemia may be detrimental in patients with
severe traumatic brain injury. J Neurotrauma
2009;26:2217–23.
13 Kerrey BT, Rinderknecht AS, Geis GL, et al. Rapid sequence
intubation for pediatric emergency patients: higher frequency
of failed attempts and adverse effects found by video review.
Ann Emerg Med 2012;60:251–9.
14 Walls R, Murphy M. Manual of emergency airway
management. Wolters Kluwer Health, 2012.
15 Haynes A, Weiser T, Berry W, et al. A surgical safety checklist
to reduce morbidity and mortality in a global population.
N Engl J Med 2009;360:491–9.
16 Provost LP, Murray S. The health care data guide: learning from
data for improvement. Wiley, 2011.

Kerrey BT, et al. BMJ Qual Saf 2015;0:1–9. doi:10.1136/bmjqs-2014-003713

17 Nishisaki A, Donoghue AJ, Colborn S, et al. Development of
an instrument for a primary airway provider’s performance
with an ICU multidisciplinary team in pediatric respiratory
failure using simulation. Respir Care 2012;57:1121–8.
18 Mayo PH, Hegde A, Eisen LA, et al. A program to improve the
quality of emergency endotracheal intubation. J Intensive Care
Med 2011;26:50–6.
19 Jaber S, Jung B, Corne P, et al. An intervention to decrease
complications related to endotracheal intubation in the
intensive care unit: a prospective, multiple-center study.
Intensive Care Med 2010;36:248–55.
20 Nishisaki A, Donoghue A, Colborn S, et al. Effect of
just-in-time simulation training on tracheal intubation
procedure safety in the pediatric intensive care unit.
Anesthesiology 2010;113:214–23.
21 Martinon C, Duracher C, Blanot S, et al. Emergency tracheal
intubation of severely head-injured children: changing daily
practice after implementation of national guidelines. Pediatric
Crit Care Med 2011;12:65–70.
22 Gawande A. The checklist manifesto: how to get things right.
1st edn. New York, NY: Metropolitan Books, 2010.
23 Pronovost P, Needham D, Berenholtz S, et al. An intervention
to decrease catheter-related bloodstream infections in the ICU.
N Engl J Med 2006;355:2725–32.
24 Bosk CL, Dixon-Woods M, Goeschel CA, et al. Reality check
for checklists. Lancet 2009;374:444–5.
25 Leape LL. The checklist conundrum. N Engl J Med
2014;370:1063–4.
26 Thomassen O, Brattebo G, Softeland E, et al. The effect of a
simple checklist on frequent pre-induction deficiencies. Acta
Anaesthesiol Scand 2010;54:1179–84.
27 Wittenberg MD, Vaughan DJ, Lucas DN. A novel airway
checklist for obstetric general anaesthesia. Int J Obstet Anesth
2013;22:264–5.
28 Tobin JM, Grabinsky A, McCunn M, et al. A checklist for
trauma and emergency anesthesia. Anesth Analg
2013;117:1178–84.

9

Downloaded from http://qualitysafety.bmj.com/ on July 17, 2015 - Published by group.bmj.com

Reducing the incidence of oxyhaemoglobin
desaturation during rapid sequence
intubation in a paediatric emergency
department
Benjamin T Kerrey, Matthew R Mittiga, Andrea S Rinderknecht, Kartik R
Varadarajan, Jenna R Dyas, Gary Lee Geis, Joseph W Luria, Mary E
Frey, Tamara E Jablonski and Srikant B Iyer
BMJ Qual Saf published online July 16, 2015

Updated information and services can be found at:
http://qualitysafety.bmj.com/content/early/2015/07/16/bmjqs-2014-00
3713

These include:

Supplementary Supplementary material can be found at:
Material http://qualitysafety.bmj.com/content/suppl/2015/07/16/bmjqs-2014-00
3713.DC1.html

References

This article cites 25 articles, 3 of which you can access for free at:
http://qualitysafety.bmj.com/content/early/2015/07/16/bmjqs-2014-00
3713#BIBL

Email alerting
service

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

