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Abstract

Introduction: Clinical teams struggle on general wards with acute management of deteriorating patients. We hypothesized that the Crisis Checklist

App, a mobile application containing checklists tailored to crisis-management, can improve teamwork and acute care management.

Methods: A before-and-after study was undertaken in high-fidelity simulation centres in the Netherlands, Denmark and United Kingdom. Clinical teams

completed three scenarios with a deteriorating patient without checklists followed by three scenarios using the Crisis Checklist App. Teamwork

performance as the primary outcome was assessed by the Mayo High Performance Teamwork scale. The secondary outcomes were the time required

to complete all predefined safety-critical steps, percentage of omitted safety-critical steps, effects on other non-technical skills, and users’ self-

assessments. Linear mixed models and a non-parametric survival test were conducted to assess these outcomes.

Results: 32 teams completed 188 scenarios. The Mayo High Performance Teamwork scale mean scores improved to 23.4 out of 32 (95% CI: 22.4

�24.3) with the Crisis Checklist App compared to 21.4 (20.4�22.3) with local standard of care. The mean difference was 1.97 (1.34�2.6; p < 0.001).

Teams that used the checklists were able to complete all safety-critical steps of a scenario in more simulations (40/95 vs 21/93 scenarios) and these

steps were completed faster (stratified log-rank test x2 = 8.0; p = 0.005). The self-assessments of the observers and users showed favourable effects

after checklist usage for other non-technical skills including situational awareness, decision making, task management and communication.

Conclusions: Implementation of a novel mobile crisis checklist application among clinical teams was associated in a simulated general ward setting

with improved teamwork performance, and a higher and faster completion rate of predetermined safety-critical steps.
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Introduction

Hospital medicine is dealing with increasingly complex patients who
often present with multi-morbidity and a combination of conditions that
seemingly require conflicting therapeutic strategies.1�3 At the same
time a large proportion of acute and emergency care in hospital
medicine is delivered by junior clinicians in the first years of their
training.4,5 In this setting simple systems using a structured Airway-
Breathing-Circulation-Disability-Exposure (ABCDE) approach have
become dominant to guide treatment during cardio-pulmonary arrests
and peri-arrest situations.6,7Theymight howeverbe applicable to onlya
fraction of deteriorating patients and of limited use in solving complex
medical problems and interactions between professional groups and
disciplines. Very few new approaches to the management of
deteriorating patients outside sepsis and cardiac arrests have been
developed to support clinicians at the bedside since the first publication
of Advanced Life Support courses.8 The Crisis Checklist Learning
Collaborative successfully developed a computerized application with
crisis checklists (Crisis Checklist App) using an expert and consensus
model to support physicians and nurses in managing acutely
deteriorating hospitalized patients on general wards.9�11

The objective of this study was to determine the effect of a
computerized application with crisis checklists on the acute care
management and the teamwork of physicians and nurses who
encounter a deteriorating patient. We hypothesized that the Crisis
Checklist Application improves the teamwork performance and acute
care patient management of clinicians.

Methods

Study design and setting

We conducted a multicentre simulation study from 1 September, 2017
until 1 December, 2018 in three European hospitals: The Catharina
Hospital inEindhoven in theNetherlands, theYsbytyGwyneddinBangor,
Wales, United Kingdom, and Odense University Hospital in Odense,
Denmark. This study was undertaken in high fidelity simulation centres
representing a typical room on the general ward with interactive
mannequins possessing comparable functionalities (i.e., HALL 3201 by
Gaumard in Bangor and SimMan 3G by Laerdal in Odense and
Eindhoven, respectively) and guided by experienced local simulation
facilitators. All facilitators were trained at one of the participating centres.

Participants

Staff members, including final year medical students, nurses and nurse
practitioners working on the internal medicine or general surgery services
were eligible to participate, as were clinicians working in emergency
medicine experienced in general ward clinical coverage.12 All participat-
ing organizations had successfully operationalized rapid response
systems. During briefing participants confirmed that they were familiar
with their local rapid response system protocol and the ABCDE approach
for assessing and managing deteriorating patients.7,13

Design of crisis checklists

The crisis checklists were designed by an international learning
collaborative group of 32 experts from seven countries in 2016.11 A

computerized application was created for smartphones or tablets to
ensure that clinically appropriate prompts are available to the clinician
at the bedside on demand. This Crisis Checklist App once opened
(available from Apple's App Store9 and Google's play store10) starts by
querying five widely accepted ABCDE domains (i.e. Airway,
Breathing, Circulation, Disability, Exposure) from which the user
can select the domain that best fits the clinical situation.7,11 Once the
domain is selected, a list of syndromes such as “respiratory distress”,
“sepsis” or “loss of consciousness” becomes accessible. The
syndrome-based checklist provides an easy step-by-step set of
instructions including suggestions for proposed diagnostics and
potential treatments. Access and links to updated guidelines and
resuscitation manuals are also provided (Fig. 1).

Development of scenarios

Two groups of three scenarios each (scenarios 1�3 and 4�6) were
created based on previously validated training scenarios from a study
evaluating the perceptions of risk about medical emergencies on
general medical wards.14 The patients in the scenarios had
comparable clinical presentations: “respiratory distress”, “sepsis”
and “loss of consciousness”. A scenario in group 1 was matched to a
scenario of group 2 based on the syndrome-based checklists and on
comparable measures of severity of illness (APACHE IV score;
Table 1). The case vignettes and corresponding scripts are described
in detail in Appendix 1.

Simulation protocols and procedures

Participants were divided into teams based on their availability to
participate and each team consisted of one “junior nurse” (<3
years clinical experience), one “senior nurse” (>3 years clinical
experience), and at least one “medical practitioner” (a resident,
final year medical student or nurse practitioner). The teams were
randomly assigned (www.random.org) to perform all the scenarios
according to two different schedules and in a different order to
ensure that the measured effect was not simply a result of the
content of the scenarios. Schedule A starts with scenarios 1�3
followed by matched scenarios 4�6; Schedule B starts with
scenarios 4�6 first and then flips to scenarios 1�3. Three
scenarios were performed initially without the checklists (i.e. the
local standard of care). The team received a brief tutorial on how to
use the Crisis Checklist App and three matched scenarios were
subsequently performed.

Each clinical scenario begins with the junior nurse receiving a
briefing of a scripted medical history and patient admission details.
The junior nurse is asked to evaluate and treat the patient. The
junior nurse can then elect to involve the senior nurse by using a
paging device. The nurse is entitled to contact the medical resident
at any time. The scenarios were stopped when the team indicated
they had completed the scenario, or alternatively, after 15 min.
Participants were asked to self-assess their performance with a
structured questionnaire after each scenario. After the completion
of all scenarios, the voluntary participants had the opportunity to
review the scenarios in a facilitator-guided debriefing directed by
the experienced local simulation facilitators. These debriefings
generally lasted between 30 and 60 min without a specific script in
which the participants could diffuse, explore and discuss their
feelings and experienced events with video reviews to facilitate the
discussion.

4 R E S U S C I T A T I O N 1 5 7 ( 2 0 2 0 ) 3 �1 2

http://www.random.org


Data collection

The data was obtained from each simulation using standardized data
sheets. The data collectors received uniform training over two days
and supervision from the primary investigators (ADB, CS, and MB) in
the identification and classification of complications and process
measures. All simulation scenarios were recorded on multi-screen
synchronized videos which were independently reviewed by six pairs
of ten observers (ADB and JD, AT and NT, MB and NT, NJ and NT, CH
and JW, NL and SD). Per team, each video recorded scenario was
assessed by the same pair of observers and their scores were
averaged per scenario.

Study outcomes

Primary outcome

The primary outcome of the study was team performance as
measured by observers using the Mayo High Performance Teamwork
scale. The Mayo Scale is a tool to assess teamwork performance in
simulated clinical emergencies and has been used in contexts
representing critical anaesthesia management or emergency re-
sponse team situations, critical care events on a Paediatric Intensive
Care Unit, and in trauma resuscitation.15�17 The Mayo scale has been
validated in simulations that were designed to replicate emergency
response team situations with a deteriorating patient, which is

Table 1 – Summary of the study scenarios.

Scenario Group 1 Group 2

1 2 3 4 5 6

Sex Male Female Male Male Female Female
Age (years) 55 78 25 66 63 78
Pathology Massive pulmonary

embolism
Community acquired
pneumonia

Subarachnoid
haemorrhage

Aspiration Bowel
perforation

Hypovolemic
shock

Syndrome-based
checklist

Respiratory
distress

Sepsis Loss of

consciousness

Respiratory
distress

Sepsis Loss of

consciousness

NEWS 11 11 5 12 5 11
APACHE IV scores at presentation 82 93 115 81 82 120
Number of defined safety-critical
steps

8 9 11 10 9 11

Times a scenario was completed 32 32 32 32 31 30
The number of analyzed scenarios 32 32 32 32 31 28
Mean duration of scenario (s) 777 791 562 714 732 728

Fig. 1 – Screenshots of the Crisis Checklist App.
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comparable to the ward emergencies in this study.15 The tool contains
16 items that address four categories of behaviours: communication,
leadership, situation awareness, and decision making. Each of these
items can be rated from 0 (never/rarely) to 2 (consistently) or not
applicable, resulting in a maximum score of 32 points.

Secondary outcomes

The secondary outcomes were the quality of clinical decision making
by the team using a 5-point Likert scale in terms of whether it hindered
or enhanced teamwork. A self-assessment questionnaire completed
by each participant after a scenario and the FoNTS matrix was
assessed by the observers (Appendix 1).

FoNTS matrix

The FoNTS matrix tool was designed to assess critical non-technical
skills of inexperienced doctors being trained to manage simulated
deteriorating patients. The scale covers four domains: Situational
Awareness, Decision Making, Task Management, and Teamwork.
The domains are rated according to specified criteria from 1 (poor) to 4
(good), with n a maximum total score of 16 points (Appendix 1).18

Other secondary outcomes were the proportion of omitted pre-
defined safety-critical steps, and the time from the start of the scenario
to performance of safety-critical steps. The number of defined safety-
critical steps per scenario varied from 8 to 11 (Table 1 and
Appendix 1). The safety-critical steps were defined by published
guidelines, e.g. the NICE guidelines, and expert opinion in a series of
consensus meetings, and were tested in a feasibility study.11

Ethics approval

The local Research Ethics Committees approved the study in each
participating hospital. BASIC was registered in the Netherlands Trial
Registry (NTR6666). Participants signed an informed consent
agreeing to be videotaped.

Statistical analysis

Power-calculations based on the previous pilot study indicated the
need for a sample size of 170 scenarios (Appendix 1).11 The statistical
analyses were performed using IBM SPSS (Statistical Package for
Social Sciences, version 22.0; IBM Corp, Armonk, NY, USA) and
Genstat1 (Windows 13th Edition; VSN International, Hemel Hemp-
stead, UK). The inter-observer reliabilities between the six pairs of
observers were calculated among each video recorded scenario.
Inter-observer reliability for the Mayo Scale and FoNTS Matrix are
described using a percentage of agreement and the linear weighted
Cohen Kappa coefficient. The weighted Cohen Kappa coefficients
were interpreted by the Landis and Koch scale.19,20

Linear mixed effects modelling (LMM) fit by restricted maximum
likelihood was conducted to account for the non-independent
repeated measures within the participating teams. The LMMs were
applied to assess the significance of the intervention in explaining
variations in the MAYO scale, the FoNTS matrix and the self-
assessment questionnaire scores, and the percentages of omitted
safety-critical steps. In these models the following factors were
included: checklist usage (fixed; yes or no), type of scenario (fixed;
scenario 1�6), the randomized group (fixed; schedule A and B), and
each team (Random; team 1�32). The distribution of residuals was
assessed with the analyses of histograms and P-P plots. Since
regression-based models can be sensitive to variables that are
correlated, the variance inflation factors (VIF) for all factors used in the

model were calculated to check for multi-collinearity (Appendix 1 in
Supplementary data).

The likelihood that teams completed all the safety-critical steps
faster with the use of the checklists was modelled using the non-
parametric survival analysis from Genstat1 since this analysis allows
both interval and right censoring of the event of interest over time and
stratification. The event was taken to be the completion of all the
safety-critical steps and the time component was deemed to be the
amount of second from the start of the scenario until the completion of
the final step. In instances where all steps were not completed or
timepoints were unavailable, then observations were treated as being
right censored and time was equated to a 1000 s (the longest time for a
scenario). Hypothesis tests between the non-parametric survival
curves were based on log-ranks tests that were stratified with the
scenarios as stratum since the numbers of safety-critical steps in each
scenario differ.

We conducted an additional post hoc subgroup analysis with a t-
test to compare the effect of checklist usage on percentages of omitted
safety-critical steps for teams that were led by a senior student versus
those that were led by a qualified clinician (doctor or advanced nurse
practitioner).

All reported p-values are two-sided with a p < 0.05 considered
significant, and no adjustments were made for multiple comparisons.
95% confidence intervals were constructed. The guidelines for
Strengthening the Reporting of OBservational studies in Epidemiolo-
gy (STROBE) with the Simulation-Based Research Extensions were
used in preparing this article.21,22

Results

Participants and scenarios

We enrolled 101 volunteers for the study. The participants were
assigned to 32 teams: 18 teams were randomized to schedule A and
14 teams to schedule B. There were no significant differences in the
participants’ characteristics between the schedules (Table 2). Two
scenarios could not be analyzed due to video recording malfunctions
and one team was unable to complete two scenarios due to an
unexpected clinical duty that intervened. Of the 188 reviewed
scenarios, 93 scenarios were completed without checklists and 95
scenarios were completed with checklists.

Mayo scale

The mean Mayo scale score for the observers was higher (i.e. better
teamwork) for scenarios that were performed with the checklists as
compared to scenarios without them (22.4 (95% CI = 22.4�24.3) vs.
21.4 (95% CI = 20.4�22.3) out of 32 points (Mean Difference = 1.97
(95% CI = 1.34�2.60); p < 0.001; Table 3).

The weighted Cohen kappa's level of agreement for each item
ranged from fair to moderate (min�max = 0.19�0.58) with less than
5% of items achieving an opposite rating (3 points scale: never vs
consistently; Supplementary table S1).

A descriptive summary of the distribution of the mean Mayo scale
scores per team shows that these scores improve when the Crisis
Checklist App was used (Fig. 2A). Similar favourable distributions in
scenarios with the Crisis Checklist App were found for the
percentages of omitted safety-critical steps, and the overall FoNTS
matrix and participant self-assessment scores (Fig. 2).
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FoNTS matrix for non-technical skills

The mean score of the FoNTS matrix was higher for the scenarios with
the checklists as compared to the scenarios without use of checklists
(11.7 (95% CI = 11.1�12.3) vs. 12.9 (95% CI = 12.3�13.5) out of 16
points (Mean Difference = 1.23 (95% CI = 0.87�1.59); p < 0.001;
Table 3). All of the four domains within the FoNTS matrix showed
significant improvements (Table 3).

An opposite rating (�2 points on a 4 points scale) was scored in
less than 8% of each item and the level of agreement of each item
ranged from fair to moderate (weighted Cohen kappa min�max = 0.28
�0.52; Supplementary Table S2).

Participants self-assessment after each scenario

The self-assessment mean scores for each of the five domains
(“situational awareness”, “decision making”, “task management”,
“teamwork”, and “communication”) demonstrated higher scores for
the scenarios in which the checklists were used as compared to the
scenarios without checklists (Table 3).

Performance of safety-critical steps

Of the 891 safety-critical 86 steps were omitted when the checklists
were available as compared to 157 of 911 steps omitted when
checklists were not available. This difference was significant and in
favour of the scenarios in which the checklists were used (9.6% (95%

CI = 6.8�12.4) vs. 17.4% (95% CI = 14.6�20.1); Mean Difference =
�7.77 (95% CI = �10.73 to �4.81); p < 0.001; Table 3).

More safety-critical steps were completed faster in scenarios with
checklists as compared to scenarios without checklists (mean 52.2%
(SD = 22.6) vs. mean 44.0% (SD = 23.0); mean difference = �8.2,
(95% CI = �14.8 to �1.6), p = 0.015). All safety-critical safety steps
were completed by the teams more often in scenarios with the
checklist (40 scenarios vs. 21 scenarios). The non-parametric survival
analysis demonstrated that the time to complete all these steps was
shorter in scenarios with checklists (log-rank test stratified by scenario
x2 = 8.06; p = 0.005, Supplementary Fig. 1).

The LMMs demonstrates that the percentage of omitted safety-
critical steps was lower if the person in charge of the group was a
resident or nurse practitioner and not a senior medical student in the
scenarios without checklists (14.9% (95% CI = 11.6�18.2) vs. 22.6%
(95% CI = 17.7�27.5); Mean Difference = �7.69 (95% CI = �13.61 to
�1.77); p = 0.01; Supplementary Table S3). However, in the three
scenarios when checklist were used the percentage of omitted safety-
critical steps did not significantly differ between the groups of residents
or nurse practitioners and senior students (7.93% (95% CI = 4.6
�11.3) vs. 13.4% (95% CI = 8.4�18.4); Mean Difference = �5.46
(95% CI = �11.5 to 0.57); p = 0.07; Supplementary Table S4).

Learning effect

The mean scores of the Mayo scales and FoNTS matrix for all groups
show a downward trend from the first until the third scenario when it

Table 2 – Characteristics of the study participants in schedule A and B.

Schedule A (n = 57) Schedule B (n = 44)

Gender

Female 38 (67%) 26 (82%)
Male 19 (33%) 8 (18%)
Occupation

Resident 13 (23%) 7 (16%)
Nurse practitioner 2 (4%) 1 (2%)
Junior Nurse 19 (33%) 12 (27%)
Senior Nurse 13 (23%) 9 (21%)
Senior Student 10 (17%) 15 (34%)
Highest degree of participating staff members

Community college 8 (14%) 6 (14%)
Professional college 18 (32%) 12 (27%)
University 24 (42%) 26 (59%)
Experience

�3 years 30 (53%) 27 (61%)
>3 years 27 (47%) 17 (39%)
Experience with SaferSurgery Checklist

Yes 7 (12%) 7 (16%)
No 37 (65%) 24 (55%)
Training in acute health care

ABCDE approach 57 (100%) 44 (100%)
Immediate life support 38 (67%) 31 (71%)
Advanced cardiovascular life support 6 (11%) 3 (7%)
Advanced trauma life support 3 (5%) 3 (7%)
Acute life threatening events recognition and treatment 4 (7%) 1 (2%)
Area of work

Internal medicine 11 (19%) 10 (23%)
Intensive care 9 (16%) 11 (25%)
Cardiology 1 (2%) 1 (2%)
Surgery 10 (17%) �
Senior student 21 (37%) 21 (48%)
Other 5 (9%) 1 (2%)
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was performed without the benefit of a checklist (Fig. 3). A step change
in these mean scores was seen after the implementation of the crisis
checklists. These results remained unchanged with higher scores in
the remaining two scenarios (Fig. 3).

Discussion

This study provides important insights into the conceptual develop-
ment and testing of clinical decision support tools for teams that
respond to deteriorating patients with complex problems on general
wards. Introducing the Crisis Checklist App in a multicentre simulation
study of medical emergencies was associated with marked improve-
ments in measured and self-reported teamwork. In addition, both the
percentage of omitted predefined safety-critical steps and the time to
complete these steps were lower in scenarios with the Crisis Checklist
App. Non-technical skills assessment in all domains including

“situational awareness”, “decision making”, “task management”,
and “communication” appeared to improve in both the observers
and the participants’ self-assessments.

The study design with the randomization of teams in two arms to
complete matching scenarios in a different order was deliberately
chosen to minimize selection bias and to compare the participants as
their own controls. In addition, the analyses of the video recordings
provided a comprehensive and independent assessment of non-
technical skills and of acute care patient management based on a list
of predefined safety-critical steps. However, also related to this study
design is a learning effect bias since participants can perform better
when the consecutive simulation are too similar. This bias might
overestimate the effect of the Crisis Checklist App. But instead of a
linear sequential increase, in this study a step change was seen for
both the Mayo scale and FoNTS matrix scores directly after the
introduction of the checklists which indicates that the improvement of
these outcomes might be more attributable to the intervention.

Table 3 – Linear mixed model results of observers’ MAYO scale and FoNTS matrix, and the participants’ self-
assessment.

Observers’ assessments Scenarios without
checklists
Mean (95% CI)a

Scenarios with
checklists
Mean (95% CI)a

Mean
difference

Standard
error

Paired t-
test

p-
value

95% confidence
intereval

Lower
bound

Upper
bound

Mayo high performance resource scale

Overall score (out of 32) 21.37 (20.41�22.33) 23.33 (22.37�24.29) 1.97 0.32 6.18 <0.001 1.34 2.60
Subgroup analysis: person in lead
Overall score (out of 32)
Resident (n = 19 in 111

scenarios)
21.83 (20.48�23.19) 24.22 (22.86�25.57) 2.39 0.38 6.29 <0.001 1.63 3.14

Nurse practitioners (n = 3 in 17
scenarios)

20.98 (18.38�23.58) 25.54 (23.42�27.67) 4.56 1.49 1.29 0.01 1.20 7.92

Senior student (n = 10 in 60
scenarios)

20.19 (18.98�21.41) 20.98 (19.76�22.20) 0.78 0.50 1.59 0.12 �0.21 1.78

FoNTS matrix

Situational awareness (out of 4) 2.83 (2.66�2.99) 3.15 (2.98�3.32) 0.32 0.07 4.92 <0.001b 0.19 0.45
Decision making (out of 4) 2.81 (2.63�2.98) 3.14 (2.96�3.32) 0.33 0.07 4.83 <0.001b 0.20 0.47
Task management (out of 4) 2.96 (2.77�3.14) 3.17 (2.99�3.36) 0.22 0.06 3.42 0.001b 0.09 0.34
Team working (out of 4) 3.07 (2.93�3.22) 3.44 (3.29�3.59) 0.37 0.07 5.51 <0.001 0.24 0.50
Overall score (out of 16) 11.66 (11.08�12.25) 12.89 (12.30�13.48) 1.23 0.18 6.75 <0.001b 0.87 1.59

Subgroup analysis FoNTS matrix: person in lead; overall score (out of 16)
Resident (n = 19 in 111

scenarios)
12.06 (11.34�12.78) 13.22 (12.50�13.94) 1.16 0.24 4.91 <0.001b 0.68 1.63

Nurse practitioners (n = 3 in 17
scenarios)

11.79 (10.64�12.95) 13.13 (12.18�14.07) 1.33 0.66 2.02 0.07 �0.16 2.80

Senior student (n = 10 in 60
scenarios)

10.82 (9.43�12.21) 12.08 (10.69�13.47) 1.26 0.32 3.91 <0.001b 0.61 1.91

Participants’ self-assessment (5-Likert scale)

Situation awareness (out of 5) 3.57 (3.42�3.72) 3.79 (3.63�3.94) 0.22 0.06 3.79 <0.001b 0.11 0.33
Decision making (out of 5) 3.53 (3.38�3.69) 3.83 (3.68�3.99) 0.30 0.06 5.26 <0.001b 0.19 0.41
Task management (out of 5) 3.52 (3.37�3.67) 3.84 (3.69�3.99) 0.32 0.06 5.47 <0.001b 0.21 0.44
Team working (out of 5) 3.83 (3.68�3.99) 4.05 (3.89�4.20) 0.21 0.06 3.80 <0.001b 0.10 0.33
Communication (out of 5) 3.75 (3.61�3.89) 3.98 (3.84�4.12) 0.23 0.06 4.05 <0.001c 0.12 0.34
Average overall (out of 5) 3.64 (3.50�3.78) 3.90 (3.76�4.04) 0.26 0.04 6.02 <0.001c 0.18 0.35

a Mean (95% CI) is the estimated marginal means with corresponding 95% confidence intervals of the linear mixed models.
b A significant effect was found for the contents of other scenarios as compared to scenario 6 which was designated the reference category.
c A significant effect was found for the randomized schedules, and the contents of other scenarios as compared to scenario 6 which was designated the reference
category.

8 R E S U S C I T A T I O N 1 5 7 ( 2 0 2 0 ) 3 �1 2



Simulation-based trials investigating paper-based or computer-
ized checklists have shown effective results in acute care settings.23
�27 The use of surgical crisis checklists by operating-room theatre
teams resulted in improved crisis management and teamwork
performance during simulated surgical-crisis scenarios.23 The
introduction of checklists in a simulated surgical day-care resulted
in a 29% absolute reduction of omitted pre-defined key processes, but
the non-technical skills did not improve.27 This last result is in contrast
to our findings which might be explained by the different setting,
variation in the checklist design, or by the use of other instruments to
assess the non-technical skills. Simulation studies investigating
computerized checklists in acute care management have demon-
strated similar reductions in omitted critical safety steps.24�26,28,29

More research is required to validate and determine the durability
of these favourable effects in clinical practice. In addition, future
development of the Crisis Checklist App should focus on the
improvement of the user interface. This could include a built-in
multi-language feature, or the ability to integrate the app into local
electronic medical records (EMR) which might enhance usability by
including the patients’ EMR data.24,29 Notably, in this study the
difference in the percentages of omitted safety-critical steps between
teams that were led by a physician as compared to a medical student

disappeared after the introduction of the Crisis Checklist App. This
observation needs further investigation as it might hint to a key
educational role for digital aids.

This study has several limitations. First, the unpredictable nature of
clinical emergencies hampers interventional studies in deteriorating
patients. Simulation provides an alternative and is valued for its ability
to reproduce clinical conditions in a safe environment without
endangering patients or clinicians.30�33 The limitations of this study
are therefore inherent to all simulation-based studies. We cannot rule
out bias due to the method of team assignments, the performance of
the facilitators, the script and content of the scenarios, and the
matching process of these scenarios. Second, weighted Cohen
kappa's level of agreement between two observers for each item of the
Mayo scale and FoNTS matrix ranged from fair to moderate, though an
opposite rating was scored in less than 5% and 8% of the items
respectively. Third, validity evidence for the tools to assess non-
technical skills in simulated ward emergencies was not available.
Finally, there are some challenges linked to the multicentre design of
our study. Although the study protocol was centrally developed with
the facilitators being trained at the same centre, differences are
unavoidable in how simulation facilities manage and run their
simulations which might have affected the study results.

Fig. 2 – Descriptive summary with dot plots showing the distributions of the means for each team in scenarios with and
without the checklist of the Mayo scale (A), FoNTS matrix (B), and self-assessments scores (C), and the mean
percentages of omitted safety-critical steps (D).
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Conclusions

Our findings suggest that a novel mobile crisis checklist application
might be a valuable clinical decision support tool. We demonstrated
improved teamwork performance and clinical decision making in a
simulation-based study using an easily accessible checklist-based
application for mobile devices to assist clinicians at the bedside.
Further research is needed to determine the precise mechanisms, the
role as an educational tool, and durability of these effects in clinical
practice.
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