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Summary

Although the incidence of major adverse events in surgical daycare centres is low, these critical events may not be
managed optimally due to the absence of resources that exist in larger hospitals. We aimed to study the impact of
operating theatre critical event checklists on medical management and teamwork during whole-team operating the-
atre crisis simulations staged in a surgical daycare facility. We studied 56 simulation encounters (without and with a
checklist available) divided between an initial session and then a retention session several months later. Medical
management and teamwork were quantified via percentage adherence to key processes and the Team Emergency
Assessment Measure, respectively. In the initial session, medical management was not improved by the presence of a
checklist (56% without checklist vs. 62% with checklist; p = 0.50). In the retention session, teams performed signifi-
cantly worse without the checklists (36% without checklist vs. 60% with checklist; p = 0.04). We did not observe a
change in non-technical skills in the presence of a checklist in either the initial or retention sessions (68% without
checklist vs. 69% with checklist (p = 0.94) and 69% without checklist vs. 65% with checklist (p = 0.36), respectively).
Critical events checklists do not improve medical management or teamwork during simulated operating theatre crises
in an ambulatory surgical daycare setting.

Correspondence to: T. C. Everett

Email: tobias.everett@sickkids.ca

Accepted: 19 August 2016

Keywords: cognitive aids; critical events; simulation

See Appendix for list of co-investigators.

*Presented at the Royal College of Physicians and Surgeons of Canada Simulation Summit, Banff, Alberta, Canada,
November 2015.

This article is accompanied by an editorial by Marshall, Anaesthesia 2016; 71: doi: 10.1111/anae.13707 and an article
by Harvey et al., Anaesthesia 2016, 71: doi: 10.1111/anae.13643.

© 2016 The Association of Anaesthetists of Great Britain and Ireland 1



Anaesthesia 2016

Everett et al. | Crisis checklists in daycase operating theatres

Introduction

In recent years there has been an increasing research
focus on cognitive aids and checklists in peri-opera-
tive care. Although there is clearly some overlap in
these resources, a checklist is a sequence of definitive
action points for ticking off in a given situation,
whereas a cognitive aid is broader and may include
decision branch-points and prompts for a practi-
tioner’s consideration/discretion. Multiple other terms
for standardised practices are in common use [1].
Checklists may be considered in two categories: those
that are used electively and routinely (e.g. WHO Sur-
gical Safety Checklist [2]); and those that are used in
emergencies and rarely (e.g. malignant hyperthermia
crisis safety guideline [3]). The seminal paper by
Haynes et al. provided evidence of the patient safety
benefit of implementation of the surgical safety
checklist into the pre-induction routine [4], although
interestingly this was not reproduced in a subsequent
study in a different jurisdiction [5]. Evidence for cog-
nitive aids used in a peri-operative crisis is similarly
mixed [1], although the availability of a cognitive aid
has been shown to improve adherence to best-prac-
tice guidelines and completion of critical tasks in an
emergency [6-11]. Teamwork and non-technical skills
have also been shown to improve where a cognitive
aid is available [9, 12]. However, other research
reveals concerning deficits in clinical performance
despite the availability of relevant cognitive aids [13—
18]. Clearly there are unanswered questions regarding
the contextual and implementation factors that are
associated with the maximal positive impact of crisis
checklists.

The use of critical event checklists (hereafter
referred to as ‘checklists’) in tertiary-level hospitals
during simulated crises has been shown to result in
superior adherence to key processes [10, 11]. We
sought to investigate the impact of the same checklists
in a different context, namely a surgical daycare facil-
ity. In these facilities, serious incidents and deaths are
rare (5.3 and 0.78 per 100,000 procedures, respectively
[19]), and unlike large teaching hospitals, they have
lean clinical teams and no dedicated rapid response
teams. With events being rare and without specialised
resuscitation teams, we theorised that management of

crises would stand to benefit greatly from the intro-
duction of checklists.

Our hypothesis was that in a surgical daycare
facility, completion of key processes during a simulated
crisis would be improved when using a checklist when
compared with management without a checklist avail-
able. Our secondary hypothesis was that teamwork
would be improved where the checklist was available,
consistent with other work in similar contexts [9, 12].
Finally, we planned to investigate the retention or
attrition of any benefits gained from the use of a
checklist over time.

Methods

After Research Ethics Board approval, all staff working
in an ambulatory surgical facility were invited to par-
ticipate in the study. The facility contains six operating
theatres and conducts around 4400 adult general
anaesthetics per year. Each theatre team comprised a
surgeon, anaesthetist and three operating theatre
nurses. Practitioners were randomly assigned to teams
in order to eliminate the potentially confounding effect
of certain combinations of practitioners being more
accustomed to working together. With respect to sam-
ple size, previous work demonstrated that in a tertiary-
level teaching hospital, the failure to adhere to key
processes moved from 23% without checklists to 6%
with checklists available [10]. In an initial pilot of
these checklists, these figures were 24% and 4%,
respectively [11]. Using these measures of effect and
associated statistics, we made our preliminary sample
size calculations. We allowed for the possibility of a
smaller effect size in our context and increased our
sample size accordingly. Ultimately we studied a total
of 56 simulation encounters.

At each session we ran peri-operative in situ crisis
simulations with and without checklists available. We
used an A-B-A-B experimental design, where each
team represented a ‘case’ and served as its own control
[20-22]. In the A-B-A-B design, ‘A’ refers to baseline
conditions (without checklist), and ‘B’ refers to the
intervention condition (with checklist). Using this
design, the repeated baseline measurements established
the pattern of scores that we expected the intervention
condition to change [23]. We designed eight scenarios
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which we ordered randomly for each team, with four
simulations in an initial session and four in a later,
retention session (Fig. 1). This randomisation dis-
tributed evenly the possibility that experience in partic-
ular scenarios might confer an advantage in subsequent
scenarios. The random order also avoided the situation
where certain scenarios always had a checklist available,
whereas other scenarios would not. The eight scenarios
were: myocardial infarction leading to pulseless activity;
venous air embolus; unstable bradycardia (third degree
heart block); malignant hyperpyrexia; anaphylaxis; fire
in the operating theatre; unstable atrial fibrillation; and
tension pneumothorax. Patients’ characteristics and
history were typical for a daycare facility and the opera-
tion was customised to the specialty of the surgeon par-
ticipant. Scenarios were piloted in advance and their
difficulty assessed, adjusted and standardised by expert
clinician/simulation educators.

The scenarios took place outside normal working
hours in the operating theatre, pre-operative area or
recovery room. Participants received a standardised
orientation to the objectives of the session and mani-
kin. The participants were not blinded to the objective
of the study and were given a full orientation to the
checklists, including a point-by-point orientation to a
sample checklist (for an event that would not be used
during that session). We coached the teams with
respect to how best to use the checklists and the team
had the opportunity to review the whole binder of 12
checklists [11]. We did not direct the teams regarding
who should be either the team leader or checklist
reader. Before each simulation scenario started, we
read participants a stem consisting of case history and
stage of procedure. All team members were familiar
with the surgical equipment and the environment
where the simulations were conducted. Real surgical
equipment was available matched to the procedure in
the scenario. Sham anesthesia medications were pre-
pared in syringes sized consistent with local practice.

In addition to the computerised manikin
(SimMan® 380000; Laerdal Medical Canada Ltd, Tor-
onto, ON, Canada), we used hybrid simulation to aug-
ment physical resemblance and functional task
alignment [24]. This involved mounting a task trainer
matched to the surgical case over the manikin to pro-
vide a realistic cognitive load for the surgeon
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Figure 1 Participant flow diagram.

participant during the case. Task trainers included a
laparoscopic suturing exercise, shoulder arthroscopic
suturing exercise and open wound suturing task trai-
ner, mounted in an anatomically appropriate location
for the simulated surgery. For simulation of the oper-
ating room fire, we used a fog machine (Chauvet
Lighting®, Sunrise, FL, USA) to fill the operating the-
atre with ‘smoke’. We video recorded all the perfor-
mances for subsequent performance rating.

Our primary outcome measure was adherence to
the critical event key processes developed in the initial
investigation of the checklists [11], expressed as the
proportion of total number of key processes that were
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satisfactorily completed. The key processes are specific,
directly observable behaviours that do not require sub-
jective judgement of an investigator and were recorded
in real time. We also noted if checklists were used
(when available), which checklist was used (i.e. cor-
rectly matched to the scenario), and which team mem-
ber was responsible for holding/reading the checklist.
We evaluated the non-technical components of the
team performance using the Team Emergency Assess-
ment Measure (TEAM), a measurement instrument
developed for rating non-technical skills of medical
emergency teamwork [25]. Arguments have been made
for the validity and reliability of the TEAM in contexts
similar to our own [26]. TEAM assesses the following:
leadership (two items); team work (seven items); task
management (two items); and an overall score from 1
to 10. We recruited four video raters (two doctors and
two nurses), reflecting the professions of our interpro-
fessional teams, to score the non-technical/behavioural
performance of the teams using the TEAM. Three of
the four reviewers had prior experience with non-tech-
nical skills assessments of recorded team simulations.
Video raters were trained during a single day work-
shop, at which raters were oriented to the TEAM and
shown a sequence of whole-team medical emergency
simulations unrelated to the current study. Raters used
the TEAM to rate sample performances and then dis-
cussed their scores, exploring the rationale behind the
scores they chose. The activity was repeated with fresh
sample videos until the raters scores began to converge
and they demonstrated adequate inter-rater reliability
(defined as an intraclass correlation coefficient greater
than 0.8.) Once trained, raters then scored the study
videos (all raters rated all the videos). Raters were
blinded to participant identity and scored all sessions
independently. Raters could see that a checklist was
being used in some scenarios, but they were not
informed of the study hypothesis or methodology in
an effort to minimise any potential observer bias.
Raters viewed the videos in a randomised order with
respect to teams, scenarios and availability of check-
lists. The final score ascribed to each simulation
encounter was an aggregate of TEAM scores across
elements and raters and expressed as a proportion of
maximum possible TEAM score. We also collected
Kirkpatrick level one [27] data from the learners

regarding their perceptions and reactions to the educa-
tional intervention, in the form of exit questionnaires
using Likert scales.

We developed and standardised scenario-specific
debriefing templates. The debriefing philosophies
embedded in these templates were a blend of current
models in debriefing, similar to the Promoting Excel-
lence and Reflective Learning in Simulation (PEARLS)
technique [28]. One of two debriefers watched the live
performances of all teams and conducted the 45-min
debriefing session, during which participants were
encouraged to recall, analyse and reflect upon the sce-
nario events and their reactions to them. If a deficit of
knowledge or judgement had been noted during the
scenario, the debriefer would explore the cognitive
foundation of the issue and close the performance gap.

We expressed the impact of checklist availability
on management using Hedges’ g effect-size; that is, the
standardised mean difference of each team’s percentage
adherence to key processes with and without the
checklist available. We analysed the TEAM scores in
the same way. Data were managed and analysed using
Excel 2013 (Microsoft Corporation, Redmond, WA,
USA) and Stata v12 (StataCorp LP, College Station,
TX, USA).

Results

Seven multidisciplinary teams each participated in
eight scenarios, producing a total of 56 simulation
encounters (28 with and 28 without checklists). The
sessions were undertaken in two sessions separated by
a mean (SD) of 7.9 (1.2) months. Participants were
well matched in terms of baseline characteristics
(Table 1).

With respect to medical management, in the initial
sessions the teams did not perform better when the
checklist was available with mean (SD) adherence to
key processes 56% (26%) without the checklist vs. 62%
(26%) with the checklist (p = 0.50, Hedges’ g = 0.25,
95% CI —0.49 to 1.00). In the retention session a sta-
tistically significant difference in medical management
was seen with the use of the checklists, with mean
(SD) adherence to key processes 36% (26%) without
the checklist vs. 59% (30%) with the checklist
(p =0.04, Hedges g=079, 95% CI 0.02-1.56)
(Fig. 2).
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Following the training workshop the four raters’
inter-rater reliability using the TEAM instrument was
excellent (intraclass correlation coefficient 0.89) [29].
As shown in Fig. 3, teamwork did not vary with ses-
sion timing or availability of a checklist. At the initial
session, mean (SD) teamwork was rated at 68% (9%)
without the checklist available vs. 69% (11%), where
the checklist was available (p = 0.94, Hedges’ g = 0.03,
95% CI —0.71 to 0.77). At the second retention session
mean (SD) teamwork was rated at 69% (10%) without
the checklist vs. 65% (13%) with the checklist
(p = 0.36, Hedges’ g = —0.34, 95% CI —1.08 to 0.41).
The inter-rater reliability for the study videos was fair
(intraclass correlation coefficient 0.47) [29].

Response rate to the exit questionnaire was 100%.
Some participant reactions to the simulations are illus-
trated in Fig. 4. Ninety-one percent of respondents
agreed or strongly agreed that they would attend an
annual simulation-based team training session. Ninety-
four percent of respondents agreed or strongly agreed
that every ambulatory/daycase surgical facility should
have checklists immediately available.

With respect to the observed use of the checklists,
the team elected to use the checklists in 28 (100%) of
events where they were available. When they were
used, the correct checklist was selected on only 21
(75%) of occasions, meaning that in scenarios where
the checklists were available, the team was using the
wrong checklist a quarter of the time. The checklist
reader was most commonly a nurse (on 17 (61%)
occasions), followed by the surgeon (on 9 (28%) occa-
sions) and was the anaesthetist least frequently (2 (7%)
occasions). In 17 (61%) of events where the checklist
was available, the checklist reader role migrated
between practitioners.

100 A
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70 4

60

50 4

40

30 4

Adherence to key processes (%)

20 A

10 A

Without checklist ~ With checklist ~ Without checklist ~ With checklist

Figure 2 Medical management of scenarios without
and with checklists available. Team Emergency Assess-
ment Measure (TEAM) scores are shown for initial
(A) and retention session (m). Values are mean with
error bars indicating standard deviation.

Discussion
We introduced critical event checklists in an ambula-
tory surgical facility and investigated their impact on
medical management and teamwork in simulated oper-
ating room crises during two sessions separated by
several months. In the initial session, we did not
demonstrate a difference in medical management when
the checklists were available. In a retention session,
medical management was significantly improved by
the presence of a checklist, but primarily because the
teams performed worse without the checklists avail-
able. Teamwork did not appear to be affected by
checklist use in either session.

This study was conducted in a surgical daycare
facility, where critical events are rare and staff are

Table 1 Participant demographics of the seven inter-professional teams (comprising an anaesthetist, a surgeon and
three nurses) involved in the simulated emergency scenarios. Values are number or mean.

Team 1 Team 2
Sex; male:female ratio 3:2 1:4
Age; years 53 44
Clinical experience as staff; years 25 16
Team members with previous 1 2

experience of simulation-based
team training

© 2016 The Association of Anaesthetists of Great Britain and Ireland

Team 3 Team 4 Team 5 Team 6 Team 7
1:4 1:4 2:3 0:5 1:4
42 50 46 39 45
14 15 15 8 18
2 1 0 1 2
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Figure 3 Quality of teamwork without and with
checklists available. Team Emergency Assessment Mea-
sure (TEAM) scores are shown for initial (A) and
retention session (m). Values are mean with error bars
indicating standard deviation.

infrequently involved in their management. By this
rationale, we anticipated that the availability of a
checklist acting as a cognitive aid would be advanta-
geous. Our failure to demonstrate a meaningful impact
of checklists was potentially troubling. In the initial
study of the same checklists [11], two operating room
teams managed eight simulation-based scenarios, four
with and four without a checklist; the authors reported

The simulation was authentic and believable

| was engaged with this exercise

Managing these simulated scenarios will improve my performance
in a similar clinical situation

The debriefing session helped identify gaps in my practice and to
clarify important issues

The information that | learned about perioperative critical events is
relevant and beneficial to my practice

Critical Event Checklists are helpful to deal with critical events in an
ambulatory surgical facility

W Strongly disagree B Disagree

0%

that teams were six times more likely to adhere to key
processes when using the checklist. Similar to our
study, teams in that study did not have previous expo-
sure or practice using the checklists. Another study
showed a 17% improvement in completing key pro-
cesses when operating theatre teams used these check-
lists [10]. In our retention session, we observed a 23%
mean improvement in adherence for teams performing
with the checklists. This was the only comparison
which reached statistical significance and the apparent
positive impact was in fact secondary to teams under-
performing without the checklists. We theorised that
we had possibly induced a reliance on the checklists
such that without them, the team was unable to per-
form to the level it had before they were introduced to
the checklists. Similar to the previous study of these
checklists [10], we used a multiple-scenario format.
We randomised the order in which we delivered the
scenarios to minimise any scenario-specific impact that
might be a confounding factor in team performance
but there remains the possibility that the complex
interplay of team, timing, checklist availability and sce-
nario resulted in too many combinations of variables
that ultimately diluted or distorted our results. Other
confounding factors may have diluted the observed

10%

20% 30% 40% 50% 60% 70% 80% 90% 100%

F.

B Neutral

E1Agree [ Strongly agree

Figure 4 Participant reactions. A selection of questions and responses from the exit questionnaire
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effect size. For example, we noted that a strong leader
transformed the team performance regardless of the
presence of a checklist. This is unsurprising as we
know that leadership matters [30], but it is difficult to
control for this in study design or adjust for this in
the analysis. Despite the homogenous teams (in terms
of baseline demographics), it is possible that some
teams were more familiar with each other. We assert
that in an ambulatory surgical facility of this nature,
staff rotate such that all staff work with each other at
some stage, so, if present at all, this would be a minor
effect.

We reflected on our checklist orientation process
for participants. Lack of familiarity with cognitive aids
and checklists has been shown to be problematic [I,
31]. Although we provided the participants with an
initial orientation to the checklists, we did not afford
them much hands-on time with the binder before their
scenarios, assuming that the individual checklists (once
correctly selected) were self-explanatory. If familiarity
was a factor, our findings might underline the impor-
tance of a comprehensive orientation during the
implementation phase of checklists in the operating
theatre. Regarding our participants choosing the wrong
checklist a quarter of the time, we emphasise that a
checklist is not a substitute for knowledge or judge-
ment at diagnostics. Our study is not unique in show-
ing that the wrong checklist can be selected [17]. We
acknowledge that occasionally the limitations of simu-
lation can result in diagnostic confusion or uncertainty
but we balance that against the fact that a similar
uncertainly may also arise in the real clinical arena.

To lend added insight beyond the other studies of
these checklists [10, 11], we examined the non-techni-
cal aspects of performance using TEAM scores [25,
26]. We chose to study non-technical team perfor-
mance because issues related to team function have
been shown to affect negatively surgical performance
and outcomes [32, 33] and cognitive aids are known
to improve non-technical skills in the operating theatre
[12, 34]. This is intuitive as removing the cognitive
load of remembering stepwise medical management
might mean that team members can give more atten-
tion to optimising teamwork. However, we did not
demonstrate that the checklists improved teamwork.
Although it may be that use of a checklist in our

© 2016 The Association of Anaesthetists of Great Britain and Ireland

simulation scenarios had no effect on teamwork, an
alternative explanation is that the checklist did
improve team function, but our outcome measure (the
combination of tool and raters) was not sufficiently
sensitive to demonstrate the difference. A contributory
factor may be the poorer inter-rater reliability for the
rating of study videos than the training videos. The
raters noted that the clinical intensity of the study sce-
narios was greater than in the sample scenarios used
in the training workshop and that the study videos
were consequently more difficult to rate. Alternatively,
teamwork may not be the construct that checklists are
meant to effect, and thus we might not expect any
measure of team performance to be sensitive to check-
list use, which is largely for enhancing medical man-
agement. Marshall et al. investigated the effect of
cognitive aids on teamwork and showed that the
design of the cognitive aid is influential and if complex
and branched, cognitive aids were not associated with
improvements in teamwork [35]. In our case, however,
the checklists were of a linear design (not branched).

We were interested to observe the behaviour of
the teams with respect to leadership, reading of the
checklist and resource utilisation. The leader is condi-
tioned to stand-back and be hands-off while directing
the team management. The checklist reader (most
commonly a nurse) was occupied reading the checklist
and monitoring completion of tasks. That effectively
eliminated two practitioners from contributing physical
tasks to the intense clinical scenario where there are
multiple urgent contemporaneous tasks. The nature of
lean teams in a surgical daycare facility is such that
the proportional reduction in active team members
imposed by having a leader and a checklist reader out
of action, stretched the team noticeably. We observed
that as the teams felt this strain, they would switch the
checklist reader to free the original reader to perform
tasks. This only injected further confusion and poten-
tially derailed the management. This gives weight to
the argument that during implementation of checklists
outside of teaching hospitals, where teams are lean,
explicit instruction should be given to minimise this
effect, including that the leader be more ‘hands-on’
and contribute physical tasks. This phenomenon of the
variable impact of a code-reader has been investigated
in similar contexts [14, 36].
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The use of critical events checklists in an ambula-
tory surgical daycare had no effect on medical man-
agement or teamwork during simulated operating
theatre crises. Our data align with other work suggest-
ing checklists are not a panacea and their positive
impact can only be assured where careful considera-
tion is given to context-specific implementation and
orientation [1]. We recommend the further investiga-
tion of those context-specific factors that maximise the
benefit of checklists in the peri-operative period. Our
findings would also support the simulation-based pilot
of checklists to inform and optimise their effective
implementation before use in the clinical environment.
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