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Checklists Improve Team Performance
During Simulated Extracorporeal Membrane
Oxygenation Emergencies: A Randomized Trial

OBIJECTIVES: Extracorporeal membrane oxygenation—related complica-
tions are potentially catastrophic if not addressed quickly. Because com-
plications are rare, high-fidelity simulation is recommended as part of the
training regimen for extracorporeal membrane oxygenation specialists.
We hypothesized that the use of standardized checklists would improve
team performance during simulated extracorporeal membrane oxygenation
emergencies.

DESIGN: Randomized simulation-based trial.

SETTING: A quaternary-care academic hospital with a regional extracor-
poreal membrane oxygenation referral program.

SUBIJECTS: Extracorporeal membrane oxygenation specialists and other
healthcare providers.

INTERVENTIONS: We designed six read-do checklists for use during ex-
tracorporeal membrane oxygenation emergencies using a modified Delphi
process. Teams of two to three providers were randomized to receive the
checklists or not. All teams then completed four simulated extracorporeal
membrane oxygenation emergencies.

MEASUREMENTS AND MAIN RESULTS: Simulation sessions were
video-recorded, and the number of critical tasks performed and time-to-
completion were compared between groups. A survey instrument was
administered before and after simulations to assess participants’ attitudes
toward the simulations and checklists. We recruited 36 subjects from a
single institution, randomly assigned to 15 groups. The groups with check-
lists completed more critical tasks than participants in the control groups
(90% vs 75%; p < 0.001). The groups with checklists performed a higher
proportion of both nontechnical tasks (71% vs 449%; p <0.001) and extra-
corporeal membrane oxygenation—specific technical tasks (94% vs 86%;
p < 0.001). Both groups reported an increase in reported self-efficacy
after the simulations (p = 0.003). After adjusting for multiple comparisons,
none of the time-to-completion measures achieved statistical significance.

CONCLUSIONS: The use of checklists resulted in better team perfor-
mance during simulated extracorporeal membrane oxygenation emergen-
cies. As extracorporeal membrane oxygenation use continues to expand,
checklists may be an attractive low-cost intervention for centers looking to
reduce errors and improve response to crisis situations.

KEY WORDS: checklist; emergencies; extracorporeal membrane
oxygenation; high-fidelity simulation training; lung injury; surveys and
questionnaires
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therapy is used to support critically ill patients

who are failing traditional life support (1-5).
Unfortunately, ECMO therapy also involves significant
risk, including mechanical failure of the ECMO circuit,
dislodgement of the cannulae, and catastrophic bleed-
ing secondary to coagulopathies and anticoagulants
(6-10). Management of patients on ECMO requires
a nuanced understanding of physiology and patient-
machine interactions to correctly diagnose and correct
abnormalities. Because of the high-risk and complex
care required by these patients, most ECMO centers
use trained ECMO specialists to provide some or all of
the bedside care to patients on ECMO (6, 11-13).

The rapid expansion of ECMO use in the past
decade and the ongoing severe acute respiratory syn-
drome coronavirus 2 pandemic (14-16) have created
a need for more ECMO specialists, with an increas-
ing number of those specialists practicing at centers
with limited previous experience caring for ECMO
patients (10, 17-19). Because ECMO emergencies are
rare but potentially fatal, high-fidelity simulation has
been frequently used to provide training for such situ-
ations (20-24).

The use of checklists has been shown to improve ad-
herence to process measures, such as the proportion of
steps completed or time-to-completion, in both clinical
and simulated scenarios (25-27). Although crisis re-
source management checklists have been implemented
in many healthcare systems (28, 29), no such well-es-
tablished resource exists for ECMO emergencies.

We set out to create a set of read-do checklists
(28, 30) for use during ECMO emergencies by any
bedside provider to immediately stabilize a patient
until the underlying problem is resolved or a special-
ized team arrives. We hypothesized that the use of
these checklists during emergencies in a simulated
clinical environment would increase the likelihood
of prespecified critical tasks being performed, result
in lower time-to-completion of critical tasks during
simulated ECMO emergencies, and increase the re-
ported self-efficacy of participants.

Extracorporeal membrane oxygenation (ECMO)

MATERIALS AND METHODS

This study was carried out at a single large academic
hospital in the United States (Emory University
Hospital, Atlanta, GA) with a regional ECMO referral
program established in 2014 (11). At the time of this
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study, our ECMO center was performing approximately
60 ECMO cases annually, with a roughly even distribu-
tion of cases between veno-arterial and veno-venous
ECMO. All ECMO patients are cared for in a single
cardiothoracic surgical ICU. Our ECMO specialists are
either registered nurses (RNs) or respiratory therapists
(RTs) with experience in critical care who have com-
pleted additional class work and hands-on education
in ECMO management. Additionally, we recruited
volunteers from among the critical care fellows and ad-
vanced practice providers (APP) as their clinical sched-
ules allowed. Informed consent was obtained from all
participants prior to proceeding, and each specialist
was given the option to opt-out of the investigation
while still completing their mandatory annual recer-
tification. All participants had previously completed
ECMO-related “water drills,” in which participants per-
form technical tasks with a practice ECMO circuit (e.g.,
exchanging an oxygenator). Water drills do not typ-
ically involve simulated patients or clinical scenarios;
all participants reported that they had not previously
participated in ECMO-specific simulation training.

We obtained approval from the Emory University
Institutional Review Board (IRB00106018) prior to
recruiting any subjects. Results are reported accord-
ing to the simulation-based research extensions of the
Consolidated Standards of Reporting Trials guidelines
(31). Subjects completed simulated ECMO emergency
scenarios as outlined below in teams of two or three
between December 2018 and April 2019. Participants
were grouped into teams to mimic routine clinical
practice in which several individuals would respond
to an ECMO emergency. After informed consent was
obtained, teams were randomized to receive printed
copies of relevant checklists (intervention group) or
not (control group) based on computer-generated
randomization blocks. Participants were also asked to
complete a brief survey instrument before and after the
simulations.

Checklist and Survey Instrument Design

Local clinical experts were identified, and a modified
Delphi method was used to create checklists for six
emergency scenarios identified through clinical expe-
rience, prior research, and internal review of adverse
events (20, 21). The six scenarios chosen were air en-
trainment, console failure, major bleeding at the cannu-
lation site, inadequate preload or “chugging,” hypoxemia,
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and inadvertent decannulation (32). Following con-
sensus agreement, the checklists were finalized and then
designed to fit on a single page, with clearly color-coded
sections for “Signs,” “Immediate Action,” and “Next
Steps” The checklists used are shown in e-Appendix A
(http://links.Iww.com/CCX/A594).

We created a short survey instrument to measure
subjects’ perceived self-efficacy in the management
of routine ECMO patients and life-threatening emer-
gencies. Participants were asked to complete the same
survey questions before and after completing the sim-
ulation scenarios. The postsimulation survey included
questions regarding participants’ attitudes toward the
simulations; additionally, the intervention arm also re-
ceived a short survey regarding the checklists.

Simulation Design and Procedures

From the six emergency scenarios for which checklists
were created, four simulation scenarios were developed
for testing (air entrainment, console failure, hypoxemia,
inadvertent decannulation). We intentionally created
fewer scenarios than checklists, so that participants in
the intervention arm would not be able to deduce which
scenario would come next. Written scripts for these
scenarios were created, with expected critical actions
from the subjects and prespecified events based on pos-
sible actions. Our ECMO program uses the CardioHelp
system (Getinge, Gothenburg, Sweden), which includes
a combined pump oxygenator and integrated air detec-
tors on the inflow and outflow circuit limbs, and all
scenarios were designed around these technical assump-
tions to mimic our clinical practice.

All scenarios used a low-fidelity mannequin devel-
oped by the authors specifically for ECMO simulation.
The main body of the mannequin was made of cloth and
concealed two 3/8” perfusion catheters running from
the right thigh to a priming reservoir. Hoffman’s clamps
on the perfusion catheters could be used to modify re-
sistance to flow. The circuit was also modified with a
luer lock connector that could be used to introduce air
into the inflow limb of the circuit. A CardioHelp Heart
Lung Support set was primed with saline, and a 25F
Bio-Medicus cannula (Medtronic, Dublin, Ireland)
and an 18F Fem-Flex 2 cannula (Edwards Lifesciences,
Irvine, CA) were attached to the inflow and outflow
limbs of the circuit, respectively. These were then
inserted into the perfusion tubing concealed within
the mannequin, and the seals were made water-tight
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using adhesive film. The cannulae were then dressed
with the standard transparent dressings used in our
institution, and their depths marked according our
ICU protocol. This allowed teams to inspect the can-
nulation site (right groin) and cannula positioning;
other physical examination findings were not present
due to the low-fidelity nature of the mannequin. Vital
signs were displayed using a tablet computer run-
ning the SimMon software (Castle + Anderson ApS,
Hillerod, Denmark), configured to appear similar to
our standard ICU monitors. This app allows vital signs
to be manipulated remotely, and scripted changes to
the vital signs were preprogrammed for each scenario.
The CardioHelp console displayed relevant ECMO
variables, including flow, pump speed, and line pres-
sures. Because venous oxygen saturation (Svo,) could
not be simulated directly on the CardioHelp console,
this value was covered with tape on the console. A
free-text number was added to the vitals display and
labeled as Svo; this number could be manipulated by
the instructors during simulations.

All subjects were given a standardized orientation
to the simulator, including instructions regarding the
vital signs and Svo, display, as well as explicit instruc-
tions that they could call for help or ask for other in-
formation if not present in the simulation scenario.
Subjects in the intervention arm were given an orien-
tation to the checklists, including an explanation of the
formatting (“Signs,” “Immediate Actions,” and “Next
Steps”) and instructions that they were encouraged to
use the checklists during the scenarios. Teams were
given approximately 5 minutes to review the checklists
prior to the first simulation scenario.

At the start of each scenario, the teams were given
printed copies of the standardized hand-off scripts
used for all ECMO patients at our center with infor-
mation about the simulated patient filled in as appro-
priate. They were then asked to perform a standard
ECMO circuit check and to go through their shift-
change hand-off routine as usual. As this was being
done, the instructors (M.].S., K.A.H.) would begin the
appropriate clinical emergency scenario as indicated in
the scenario scripts.

All simulation sessions were video-recorded, and
only those with a complete video record were included
in the analyses. For each scenario, the investigators
identified six critical actions that teams should per-
form. All scenarios included two nontechnical tasks
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(calling for help and addressing patient vitals) and
four technical tasks specific to that ECMO emergency.
One investigator (M.].S.) reviewed these videos after
the simulation sessions were complete to determine
whether each critical task had been completed and the
time-to-completion for each task. Because checklists
could be seen in the videos, it was not possible to blind
the coder to the assigned treatment group.

After the appropriate endpoint was reached for each
scenario, the instructor would indicate that the sce-
nario had been successfully completed. Each scenario
was followed by a debrief by the instructors (M.].S.,
K.A.H.), based on the "Setting learning objectives,
How did it go, Address concerns, Review learning
points, Plan ahead" debriefing tool (33). The feedback
sessions were conversational and were not scripted. All
teedback facilitators were also involved in the design of
the study, so no additional training for other facilita-
tors was required. This time was also used to answer
any questions the subjects had and to allow time for
each team member to have hands-on practice of tech-
nical skills (e.g., disconnecting the pump oxygenator
from the console). There was no time limit to the feed-
back sessions. Two hours were allotted for each group
to perform the four scenarios, and all groups finished
within the allotted time without difficulty. All groups
completed the four scenarios in the same order, with
feedback sessions after each scenario. After the com-
pletion of the final simulation scenario and feedback
session, all subjects were again given a survey assess-
ing their perceived self-efficacy, their attitudes toward
the simulations, and for the intervention group, their
attitudes toward the checklists.

Statistics

We compared the number of critical tasks completed by
each arm of the study using Pearsons chi-square test.
The times-to-completion were not normally distributed
and were compared using the Mann-Whitney U test,
with a Bonferroni correction for multiple comparisons.
For groups that did not complete a required task, the
time-to-completion was recorded as the total length of
that simulation scenario. Self-efficacy was compared be-
tween groups using the Mann-Whitney U test. Statistics
were performed in Microsoft Excel (Microsoft Corp.,
Redmond, WA) and R (R Foundation for Statistical
Computing, Vienna, Austria).
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RESULTS

We enrolled 36 subjects, with 18 in the intervention group
and 18 in the control group. Despite random assignment
of groups to intervention or control, there was a statis-
tically significant difference in the composition of the
two study arms, with more RN in the intervention group
and more RT in the control group (Fisher test p = 0.033).
There was no difference between intervention and con-
trol groups in the years of clinical critical care experience
(3.5 [interquartile range (IQR), 2-8.5] vs 6 [IQR, 2-22];
p = 0.352). Subjects were grouped into eight teams in the
intervention arm and seven teams in the control arm.
Due to technical issues, a complete video record was
not available for four of the 60 scenarios performed, and
these were excluded from analysis (Fig. 1).

Across all simulation scenarios with complete video
recordings, the intervention group performed 168 of a
possible 186 critical tasks, whereas the control group
performed 112 of a possible 150 critical tasks (90% vs
75%; p < 0.001) (Fig. 2). The groups with checklists
were much more likely to complete the nontechnical
critical tasks of calling for help (71% vs 44%; p < 0.001)
and addressing the patient’s vital signs (94% vs 60%;
p < 0.001). The groups with checklists also completed
significantly more of the technical ECMO-related crit-
ical tasks (94% vs 86%; p < 0.001).

Because of the unanticipated imbalance in the compo-
sition of the study arms, we performed a post hoc anal-
ysis comparing RT only groups, RN only groups, mixed
composition groups, and APP/fellow only groups. When
compared with other groups in the same treatment
arm, group composition did not significantly affect the
number of critical tasks completed. We also performed a
post hoc analysis comparing groups with two members
and three members. In the intervention arm, two- and
three-member teams performed similarly; in the control
arm, the three-member teams completed more critical
tasks than the two-member teams (p = 0.037). These data
are summarized in Table 1.

After adjusting for multiple comparisons, none of
the time-to-completion measures achieved statistical
significance. The intervention group with checklists
generally performed required critical tasks faster than
the control group, with a few exceptions; these data are
shown in Figure 3.

In the intervention group, 16 of 18 subjects com-
pleted the postsimulation survey regarding the
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36 Total Subjects

23RT
5 Other

8 RN

v

18 Intervention Subjects
7RN
8 RT
3 Other

8 Intervention Groups
32 Total Scenarios

Videos unavailable:
1 inadvertant decannulation

31 Videos Analyzed

v

18 Control Subjects
1RN
15RT
2 Other

7 Control Groups
28 Total Scenarios

Videos unavailable:
1 venous air
1 console failure
1 inadvertent decannulation

25 Videos Analyzed

Figure 1. Subject assignment to groups. The difference in the number of registered nurse (RN) and respiratory therapist (RT) in each

group was statistically significant (Fisher exact p = 0.033) despite
videos being unavailable for analysis.

checklists. Of those responding, 15 of 16 subjects found
the checklists to be “helpful” or “very helpful,” and all
subjects reported that the checklists were “very easy to
understand.” The majority of respondents (15/16) re-
ported that they would be “likely” or “very likely” to
use the checklists if they were available at the bedside.
Both groups reported an increase in self-efficacy for
dealing with life-threatening emergencies in ECMO
patients (p = 0.003), and there were no significant dif-
ferences between intervention or control groups in re-
ported self-efficacy (Fig. 4).

Narrative feedback regarding the checklists was
mostly positive. Three respondents wrote in comments
that the checklists should be made available at the bed-
side. Two respondents suggested that they should be
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random allocation of groups. Technical difficulties resulted in four

reformatted or revised, either as a “structured check-
list” or made “more succinct” One respondent self-
reflected that the aides may not be “referred to in a
‘life-threatening’ scenario.”

DISCUSSION

This study of process adherence during simulated
ECMO emergency responses demonstrated more fre-
quent performance of critical tasks with the use of check-
lists. These critical tasks included both scenario-specific
technical tasks (e.g., checking sweep gas connections in
a hypoxic patient) and general nontechnical tasks (e.g.,
calling for help, situational awareness of vital signs). The
group with checklists reported overwhelmingly that the
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checklists were helpful and that they would be likely to
use the checklists during a true emergency.

To our knowledge, this is the first study to examine
checklists specifically designed for the management of
ECMO emergencies. Checklists have previously been

created for emergent ECMO cannulation of pediatric
patients (22, 23, 34) and have been used to evaluate
teams participating in simulated ECMO emergencies
(22). Our study incorporated checklists designed for use
at the bedside by ECMO specialists or other providers,

Completion of Critical Tasks

Non-Technical

100%

90%

80%

70%

60%

50%

40%

30

ES

20%

10%

o}

B

o

All

H Intervention M Control

lated scenarios. Given that
these emergencies are rare
and unpredictable, we did
not evaluate whether the
improved  performance
during simulations trans-
lates into better clinical care.

Checklists and other de-
cision support tools have
received growing atten-
tion in medicine over the
past decade as a means to
reduce avoidable medical
errors. Checklists have been
shown to improve clinical
outcomes in a wide va-
riety of situations (35, 36)
although they may not be
useful in every clinical situ-

and their usefulness was

validated here using simu-
Technical

Figure 2. Critical tasks performed by the intervention (checklist) and control groups. Values are
expressed as percent with spb. The intervention group completed a significantly higher proportion of

critical tasks in all categories (p < 0.001 for all comparisons).

TABLE 1.

ation (37, 38). At the same
time, some providers have
resisted the implementation

Overview of Team Size and Team Composition in the Intervention and Control Arms of the

Study

Intervention

Critical Tasks

Control

Critical Tasks

Assigned Treatment Group

Team size

Two-subject team 5

w

Three-subject team
Team composition

Respiratory therapist only

Mixed

2
Registered nurse only 2
3
Advanced practice provider/fellow 1

Completed, %

Completed, %

90 4 672
90 3 822
86 5 73
94 0 NA
92 1 58
88 1 78

NA = not applicable.

Post hoc analysis showed that three-subject teams in the control arm completed significantly more tasks than two-subject teams in the
control arm (*p = 0.037). All other comparisons were nonsignificant at o. = 0.05.
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AVenous air entrainment on V-A ECMO

Call for Help

Address vitals

Inspect circuit

Restart ECMO

Walk bubbles to

Identify source
] 50 100

Time (seconds)
s ntervention = Control

cConsole Failure on V-A ECMO

=

0 50 100 150 200

Time {seconds}
u Intervention = Control

Call for Help
Address Vitals
Recognize Need to
Call for Backup
Transfer to Hand

Resume ECMO with

Bpro)(ial on V-V ECMO

Call for Help
Address Vitals
Check sweep is

Verbalize SvO2

Increase flows
Order blood

150 0 50 100 150 200

L] Invervemionri-rr(":::lierourndﬂ
Dnadvertent Decannulation on V-V ECMO

Call for Help
Address Vitals
Clamp Circuit
Turn Off Flows
Hold Pressure
Call for Blood

250 0 10 20 30 40

Time (seconds)
s Intervention = Control

Figures 3. A-D, Summary of median time-to-completion for critical tasks. Each time is measured in seconds from the clinically
relevant trigger until the team completes the critical task. The differences between intervention and control groups were not statistically
significant after adjusting for multiple comparisons. ECMO = extracorporeal membrane oxygenation, Svo, = venous oxygen saturation,
V-A ECMO = veno-arterial ECMO, V-V ECMO = veno-venous ECMO.

patient on ECMO?

Intervention Before

Intervention After

Control After

How well prepared do you feel to manage life-threatening emergencies in a

Not at all prepared - A Little Prepared = Somewhat Prepared = Well Prepared =Very Well Prepared

-

of checklists for various rea-
sons; for example, providers
who perceive the checklists
as redundant or unhelpful
are less likely to use them
(39). Although most par-
ticipants in our study re-
ported that the checklists
were helpful, a few partici-
pants thought the checklists
should be restructured. One
subject noted that they were
less likely to use the check-
lists in a “life-threatening’
scenario, suggesting that
better  checklist-specific

Figure 4. Self-efficacy survey before and after simulation. Both intervention and control groups
reported similar levels of self-efficacy before the intervention, and both groups showed significant
improvement in reported self-efficacy after the simulations (p = 0.003). There was no significant
difference between the intervention and control groups. ECMO = extracorporeal membrane

oxygenation.
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training and thoughtful
planning would be needed
to successfully translate
their implementation into
routine clinical practice.
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Calling for help early, situational awareness, and the
use of checklists are key aspects of crisis resource man-
agement (40). In our simulations, use of checklists during
simulations resulted in earlier and more frequent calls for
help, as well as more frequent recognition of changes in
the patient’s vital signs. We suggest that this effect may be
mediated by the correcting of common cognitive errors,
such as overconfidence bias or fixation errors, although
further study would be needed to test this hypothesis (41).

The simulated emergencies used in this study required
a combination of cognitive and physical interventions.
For many of the cognitive interventions, such as work-
ing through the differential diagnosis for hypoxia, the
group with checklists performed better than the con-
trol groups in completeness of their evaluation (such
as ruling out a sweep line disconnection), while arriv-
ing at the “correct” answer only a few seconds behind
the control group. For rote mechanical interventions,
such as changing a pump oxygenator to a hand-crank or
clamping the circuit following an inadvertent decannu-
lation, the two groups were able to accomplish the task
at similar proportions and in similar amounts of time.
This finding is not surprising, as the skills required for
these mechanical tasks are largely technical and were
not described in detail in the checklists. However, this
finding should be used to guide future work in ECMO
safety, as checklists may be useful in some situations but
ineffective in others. Additionally, our checklists were
developed by content experts from our institution and
are specific to our ECMO circuit configuration as well
as the composition of our ECMO care team; they may
not be universally applicable to other centers. Likewise,
although our post hoc analysis showed a difference in
performance between two- and three-member teams
without checklists, the current study was not designed
to examine interactions between provider experience or
team size and performance; such factors should be con-
sidered when implementing these checklists clinically.

The use of checklists was not without trade-offs. The
groups using the checklists took slightly longer to per-
form some tasks, such as restarting ECMO after a venous
bubble was detected. Further research is needed to deter-
mine whether future iterations of these checklists, per-
haps using a challenge-response format, would decrease
the amount of time needed to perform the required
tasks. This study was primarily intended as an initial val-
idation of the checklists; further study would be needed
when implementing the checklists into a clinical setting.
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CONCLUSIONS

Subjects using the checklists during simulated ECMO
emergencies were more likely to perform critical steps
in a timely fashion and reported that the checklists
were helpful. As ECMO use continues to expand,
checklists may be an attractive low-cost intervention
for centers looking to reduce errors and improve re-
sponse to crisis situations.

1 Department of Anesthesiology,
Medlical School, Ann Arbor, M|.

2 Department of Emergency Medicine and Surgery, Keck
School of Medicine of the University of Southern California,
Los Angeles, CA.

VERO Biotech, Atlanta, GA.

4 Department of Medicine, Emory University School of
Medicine, Atlanta, GA.

5 Department of Anesthesiology, Emory University School of
Medicine, Atlanta, GA.

This work was performed at Emory University School of Medicine
using institutional funding.

University of Michigan

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccejournal).

Since the work was completed, Ms. Hodge has accepted a posi-
tion with VERO Biotech, who were not involved in any way with
this study. The remaining authors have disclosed that there are
no potential conflicts of interest.

For information regarding this article, E-mail: mstentz@med.
umich.edu

REFERENCES

1. Peek GJ, Mugford M, Tiruvoipati R, et al; CESAR trial collab-
oration: Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane oxygena-
tion for severe adult respiratory failure (CESAR): A multicentre
randomised controlled trial. Lancet 2009; 374:1351-1363

2. Combes A, Hajage D, Capellier G, et al; EOLIA Trial Group,
REVA, and ECMONet: Extracorporeal membrane oxygenation
for severe acute respiratory distress syndrome. N Engl J Med
2018; 378:1965-1975

3. Combes A, Pellegrino V: Extracorporeal membrane oxygen-
ation for 2009 influenza A (H1N1)-associated acute respi-
ratory distress syndrome. Semin Respir Crit Care Med 2011;
32:188-194

4. Stub D, Bernard S, Pellegrino V, et al: Refractory cardiac arrest

treated with mechanical CPR, hypothermia, ECMO and early
reperfusion (the CHEER trial). Resuscitation 2015; 86:88-94

April 2021 * Volume 3 * Number 4


http://journals.lww.com/ccejournal
mailto:mstentz@med.umich.edu
mailto:mstentz@med.umich.edu

Single-Center Quality Improvement Report

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

Dennis M, Forrest B, Bannon P, et al: The 2CHEER study:
(Mechanical CPR, hypothermia, ECMO and early re-perfusion)
for refractory cardiac arrest. Heart, Lung Circ 2019;28:S322

Vaquer S, de Haro C, Peruga P, et al: Systematic review and
meta-analysis of complications and mortality of veno-venous
extracorporeal membrane oxygenation for refractory acute
respiratory distress syndrome. Ann Intensive Care 2017, 7:51

Marasco SF, Lukas G, McDonald M, et al: Review of ECMO
(extra corporeal membrane oxygenation) support in critically ill
adult patients. Heart Lung Circ 2008; 17(Suppl 4):S41-S47

Conrad SA, Rycus PT, Dalton H: Extracorporeal life support
registry report 2004. ASAIO J 2005; 51:4-10

Paden ML, Conrad SA, Rycus PT, et al: ELSO Registry:
Extracorporeal Life Support Organization Registry Report
2012. ASAIO J. 2013; 69:202-210

Thiagarajan RR, Barbaro RF, Rycus PT, et al; ELSO member
centers: Extracorporeal life support organization registry inter-
national report 2016. ASAIO J 2017, 63:60-67

Moll V, Teo EY, Grenda DS, et al: Rapid development and
implementation of an ECMO program. ASAIO J 2016;
62:354-358

Cavarocchi NC, Wallace S, Hong EY, et al: A cost-reducing ex-
tracorporeal membrane oxygenation (ECMO) program model:
A single institution experience. Perfusion 2015; 30:148-1563

Daly KJ, Camporota L, Barrett NA: An international survey:
The role of specialist nurses in adult respiratory extracorporeal
membrane oxygenation. Nurs Crit Care 2017; 22:305-311

Loforte A, Dal Checco E, Gliozzi G, et al: Veno-venous extracorpo-
real membrane oxygenation support in COVID-19 respiratory dis-
tress syndrome: Initial experience. ASAIO J 2020; 66:734-738

Mustafa AK, Alexander RJ, Joshi DJ, et al: Extracorporeal
membrane oxygenation for patients with COVID-19 in severe
respiratory failure. JAMA Surg 2020; 1565:990-992

Barbaro RP, MacLaren G, Boonstra PS, et al: Extracorporeal
membrane oxygenation support in COVID-19: an international
cohort study of the Extracorporeal Life Support Organization
registry. Lancet 2020; 396:1071-1078

Stentz MJ, Kelley ME, Jabaley CS, et al: Trends in extracor-
poreal membrane oxygenation growth in the United States,
2011-2014. ASAIO J2019; 656:712-717

Hong X, Xiong J, Feng Z, et al: Extracorporeal membrane ox-
ygenation (ECMO): Does it have a role in the treatment of
severe COVID-19? Int J Infect Dis 2020; 94:78-80

Barbaro RP, Odetola FO, Kidwell KM, et al: Association of hospi-
tal-level volume of extracorporeal membrane oxygenation cases
and mortality. Analysis of the extracorporeal life support organi-
zation registry. Am J Respir Crit Care Med 2015; 191:894-901
Di Nardo M, David B, Stoppa F, et al: The introduction of a
high-fidelity simulation program for training pediatric critical
care personnel reduces the times to manage extracorporeal
membrane oxygenation emergencies and improves teamwork.
J Thorac Dis 2018; 10:3409-3417

Anderson JM, Murphy AA, Boyle KB, et al: Simulating extra-
corporeal membrane oxygenation emergencies to improve

Critical Care Explorations

22.

23.

24,

25.

26.

217,

28.

29.

30.

31.

32.

33.

34.

3b.

36.

37.

human performance. Part |I: Assessment of technical and be-
havioral skills. Simul Healthc 2006; 1:228-232

Fehr JJ, Shepard M, McBride ME, et al: Simulation-based
assessment of ECMO clinical specialists. Simul Healthc 2016;
11:194-199

Su L, Spaeder MC, Jones MB, et al: Implementation of an ex-
tracorporeal cardiopulmonary resuscitation simulation program
reduces extracorporeal cardiopulmonary resuscitation times in
real patients. Pediatr Crit Care Med 2014; 15:856-860

Atamanyuk |, Ghez O, Saeed |, et al: Impact of an open-chest
extracorporeal membrane oxygenation model for in situ sim-
ulated team training: A pilot study. Interact Cardiovasc Thorac
Surg 2014, 18:17-20

Gawande AA, Arriaga AF: A simulation-based trial of surgical-
crisis checklists. N Engl J Med 2013; 368:1460

Ziewacz JE, Arriaga AF, Bader AM, et al: Crisis checklists for
the operating room: Development and pilot testing. J Am Coll
Surg 2011;213:212-217e10

Hilton G, Daniels K, Goldhaber-Fiebert SN, et al: Checklists
and multidisciplinary team performance during simulated ob-
stetric hemorrhage. Int J Obstet Anesth 2016; 25:9-16

Gleich SJ, Pearson ACS, Lindeen KC, et al: Emergency manual
implementation in a large academic anesthesia practice:
Strategy and improvement in performance on critical steps.
Anesth Analg 2019; 128:335-341

Hepner DL, Arriaga AF, Cooper JB, et al: Operating room crisis
checklists and emergency manuals. Anesthesiology 2017,
127:384-392

Weiser TG, Berry WR: Review article: Perioperative checklist
methodologies. Can J Anaesth 2013; 60:136-142

Cheng A, Kessler D, Mackinnon R, et al; International Network
for Simulation-based Pediatric Innovation, Research, and
Education (INSPIRE) Reporting Guidelines Investigators:
Reporting guidelines for health care simulation research:
Extensions to the CONSORT and STROBE statements. Simul
Healthc 2016; 11:238-248

Hasson F, Keeney S, McKenna H: Research guidelines for the
Delphi survey technique. J Adv Nurs 2000; 32:1008-1015

Ahmed M, Arora S, Russ S, et al: Operation debrief: A SHARP
improvement in performance feedback in the operating room.
Ann Surg 2013; 2568:958-963

Burton KS, Pendergrass TL, Byczkowski TL, et al: Impact of
simulation-based extracorporeal membrane oxygenation train-
ing in the simulation laboratory and clinical environment. Simul/
Healthc 2011; 6:284-291

Pronovost P, Needham D, Berenholtz S, et al: An intervention
to decrease catheter-related bloodstream infections in the
ICU. N Engl J Med 2006; 355:2725-2732

Spector JM, Agrawal B, Kodkany B, et al: Improving quality
of care for maternal and newborn health: Prospective pilot
study of the WHO safe childbirth checklist program. PLoS One
2012; 7:e351561

Turner JS, Bucca AW, Propst SL, et al: Association of check-
list use in endotracheal intubation with clinically important

www.ccejournal.org 9



Stentz et al

38.

39.

10

outcomes: A systematic review and meta-analysis. JAMA Netw
Open 2020; 3:e209278

Urbach DR, Govindarajan A, Saskin R, et al: Introduction of
surgical safety checklists in Ontario, Canada. N Engl J Med
2014; 370:1029-1038

Fourcade A, Blache JL, Grenier C, et al: Barriers to staff adoption
of a surgical safety checklist. BMJ Qual Saf2012;21:191-197

www.ccejournal.org

40. Runciman WB, Kluger MT, Morris RW, et al: Crisis manage-

41.

ment during anaesthesia: The development of an anaes-
thetic crisis management manual. Qual Saf Health Care
2005; 14:e1

Stiegler MP, Neelankavil JF, Canales C, et al: Cognitive errors
detected in anaesthesiology: A literature review and pilot
study. BrJ Anaesth 2012; 108:229-235

April 2021 * Volume 3 ¢ Number 4



