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Abstract

Background: Cognitive aids (CAs) are clinical tools guiding clinical decision-making during critical events
in the operating room. They may counteract the adverse effects of stress on the non-technical skills of the
attending clinician(s). Although most clinicians acknowledge the importance of CAs, their uptake in clinical
practice seems to be lagging behind. This situation has led us to investigate which features of CAs may enhance
their uptake. Therefore, in this systematic review we explored the optimums regarding the 1) timing to consult
the CA, 2) person consulting the CA, 3) location of the CA in the operating room, 4) CA design (paper vs.
electronic), 5) CA lay-out, 6) reader of the CA and 7) if the use of CAs in the form of decision support tools lead
to improved outcome.

Methods: Seven PICO-questions guided our literature search in 4 biomedical databases (MEDLINE, Embase,
Web of Science and Google Scholar). We selected English-language randomized controlled trials (RCTs),
observational studies and expert opinions discussing the use of cognitive aids during life-threatening events in
the operating theatre. Articles discussing non-urgent or non-operating room settings were excluded. The quality
of evidence was evaluated with the Grading of Recommendations Assessment, Development and Evaluation
(GRADE).

Results: We found 7 RCTs, 14 observational studies and 6 expert opinions. All trials were conducted in a
simulation environment. The person who should trigger the use of a cognitive aid and the optimal timing of its
initiation, could not be defined by the current literature. The ideal location of the cognitive aids remains also
unclear.

A favorable lay-out of an aid should be well-structured, standardized and easily readable. In addition, several
potentially beneficial design features are described.

RCT’s could not demonstrate a possible superiority of either electronic or paper-based aids. Both have their
advantages and disadvantages. Furthermore, electronic decision support tools are potentially associated with
an enhanced performance of the clinician. Likewise, the presence of a reader was associated with an improved
performance of key steps in the management of a critical event. However, it remains unclear who should fulfill
this role.

Conclusion: Several features of the design or utilization of CAs may play a role in enhancing the uptake of CAs
in clinical practice during the management of a critical event in the operating room. However, robust evidence
supporting the use of a certain feature over another is lacking.

Keywords: Perioperative Care, Operating Room, Decision Support Techniques.

Introduction potentially results in delays in treatment and

occurrence of medical errors'”. Cognitive aids or
When anesthesiologists deal with life-threatening emergency manuals are clinical tools that guide
critical events in the operating room, stress may clinical decision-making by providing evidence-
significantly impair their memory retrieval, based key steps in treatment. Examples of such
decision-making and situational awareness. This cognitive aids are illustrated in the articles of Burden
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et al.’ and Goldhaber-Fiebert et al’. In multiple
studies in simulation-environments, their use was
associated with fewer medical errors, improved
team-communication and a reduction in the time
to complete essential tasks'?¢*. The majority of
clinicians also seems to be willing to use cognitive
aids in daily practice. Furthermore, a conceptual
framework’ exists that enables effective clinical
implementation of cognitive aids and consists of 4
key elements: ‘create’, ‘familiarize’, ‘use clinically’
and ‘integrate’**’. Nevertheless, in many operating
theatres, their uptake into clinical practice seems
to be lagging behind*®. This conflicting situation
raises the question how the implementation and
use of cognitive aids in the operating room could
be improved’. In particular, it is still unclear:
1) by whom the use of cognitive aids should be
initiated; 2) when the use of cognitive aids should
be triggered; 3) which is the best location for them
in the operating room; 4) how they should best be
designed; 5) whether paper-based or electronical-
based cognitive aids are better; 6) if they should
serve as a dynamic decision support tool; and 7)
if a ‘reader’ is beneficial’®. These questions are
also reflected in the key elements of the prior-
mentioned conceptual framework’. Therefore, the
purpose of this systematic review is to clarify these
uncertainties.

Methods

This systematic review was not prospectively
registered, but was carried out according to the
‘24-step guide on how to design, conduct, and
successfully publish a systematic review and
meta-analysis in medical research’, as described
by Muka et al®. We report the systematic review
in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA)-checklist (Appendix 1)".

Table I. — Search strategies.

Search strategy

We recapitulated our uncertainties in several
‘PICO’ (Problem/ Intervention/ Comparison/
Outcome) questions (Appendix 2) which guided
our literature search in four biomedical databases:
MEDLINE, Embase, Web of Science and Google
Scholar. The search terms that were used, comprised
a combination of “cognitive aid”, “emergency
manual”, “perioperative care”, “operating room”,
“anesthesia” and “implementation science”.
Detailed search strategies are reported in Table I.
Additionally, the reference lists of the included
articles were manually screened for publications
that could also meet the eligibility criteria.

Eligibility criteria

Because of the apprehension that not many RCTs
would have studied our PICO questions, we did not
limit our inclusion to randomized controlled trials
(RCT), but decided to also include observational
studies, as well as expert opinions discussing the
use of cognitive aids in life-threatening events in
a clinical or simulated operating theatre, written in
English and published between January 1st 2010
and June 1st 2020. Articles investigating the use of
cognitive aids in non-life-threatening situations and
non-operating room settings (e.g. the emergency
department) were excluded.

Quality assessment

The certainty of the evidence was assessed using
the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation)
methodology' .

The certainty of the evidence for each outcome
was graded as ‘high’, ‘moderate’, ‘low’ or ‘very low’.

When using GRADE, randomised controlled
trials and observational studies by default receive
the grade of ‘high’ and ‘low’, respectively. Potential
downgrading can occur and is based on 5 factors:

Search strategies

MEDLINE | ((cognitive aid) OR (emergency manual)) AND (perioperative care) (MeSH term), ((cognitive aid) OR
(emergency manual)) AND (operating room) (MeSH term), ((cognitive aid) OR (emergency manual)) AND
(anesthesia) (MeSH term) and ((cognitive aid) OR (emergency manual)) AND (implementation science)

Embase (‘cognitive aid’ OR ‘emergency manual’) AND ‘perioperative care’, (‘cognitive aid’ OR ‘emergency
manual’) AND ‘operating room’, (‘cognitive aid” OR ‘emergency manual’) AND ‘anesthesia’ and (‘cognitive
aid’ OR ‘emergency manual’) AND ‘implementation science’

Web of TOPIC: (cognitive aid) OR TOPIC: (emergency manual) AND TOPIC: (perioperative care), TOPIC:

Science (cognitive aid) OR TOPIC: (emergency manual) AND TOPIC: (operating room), TOPIC: (cognitive aid) OR
TOPIC: (emergency manual) AND TOPIC: (anesthesia), TOPIC: (cognitive aid) OR TOPIC: (emergency
manual) AND TOPIC: (implementation science)

Google cognitive aid OR emergency manual AND perioperative care, cognitive aid OR emergency manual AND

Scholar operating room, cognitive aid OR emergency manual AND anesthesia and cognitive aid OR emergency
manual AND implementation science.
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limitations in study design (which pose risk of
bias), inconsistency, indirectness, imprecision,
and publication bias. Three factors may upgrade
the study quality: large effect size, dose-response
gradient, and plausible confounding'*".

The GRADEpro software (https://www.
gradepro.org) was used to create evidence profiles
for the outcomes of interest.

Data synthesis and analysis

Due to the qualitative nature of several investigated
outcome measures and the inclusion of expert
opinions, we a priori decided not to perform a
quantitative meta-analysis. Instead, we aimed at
conducting a systematic review.

Ethical approval

The Education-Support Committee (OBC) of the
KU Leuven Biomedical Sciences Group stated that
our systematic review did not require evaluation
by a research ethics committee. This statement
was obtained on the 12th of November 2019 and is
annexed in Appendix 3.

Results
Study flow

Figure 1 depicts our selection process. Of the 1971
articles initially identified by our search, we eventually

selected 70 articles for full-text review. Manual
screening of the reference lists of these 70 articles
yielded an extra 19 articles that were not identified in
our initial search. After full-text assessment of these 89
articles, 62 articles were excluded based on eligibility
criteria. Thirty-two articles contained no relevant
information regarding to our research questions,
25 articles were excluded due to the study design
(case reports, case series, editorials and conference
abstracts) and 5 articles were excluded due to a non-
emergency or a non-medical setting. Eventually, we
included 27 articles in our qualitative synthesis.

Study characteristics

Tables II-VI summarize the characteristics of these
27 studies. We found 7 randomized controlled trials,
14 observational studies and 6 expert opinions. We
found no studies that investigated the use of cognitive
aids in clinical practice. All studies took place in a
simulation environment. The quality assessment of
the included studies is shown in Appendix 4. Overall,
the current evidence is scattered and of ‘low’ to “very
low’ quality.

PICO I — Timing of consulting the cognitive aid
Two retrospective observational studies investigated
the time at which the use of a cognitive aid was

triggered'®"”. The selected articles are summarized
in Table II.
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In both studies, there was a delay between the
onset of a crisis event and the time at which the
cognitive aid was used in the majority of simulated
cases. Cognitive aid use was often initiated
only after performance of at least one key step
in treatment'®, or ascertainment of the clinical
diagnosis'. The delay occurred more frequently in
more commonly occurring crisis events, such as
hypoxemia'. Neither of these studies investigated
whether early versus late introduction of the
cognitive aid affected clinical outcome.

PICO 2 — Person triggering the use of a cognitive
aid

One retrospective observational study investigated
who should trigger the use of a cognitive aid in a
critical event"”. The selected article is summarized
in Table II.

In this study, the team leader, team members,
and simulation instructors which had the role of
facilitator, triggered its use in respectively 25%,
60% and 15% of cases. Whether the choice for a
particular trigger person impacted clinical outcome
was not investigated.

PICO 3 — Location of the cognitive aid

One RCT 2, 1 observational study", 2 surveys'®
2 and 1 expert opinion 21 discussed the optimal
location of the cognitive aid in the operating
theatre. The selected articles are summarized in
table III.

In the RCT, no statistically significant difference
was found in the use of a cognitive aid between
study arms where a cognitive aid was either placed
in clear sight or not (clear sight: 8 of 40 encounters
(20%); versus not in clear sight: 6 of 38 encounters
(16%) respectively, p = 0.690)>. This observation
contrasts the statement that “cognitive aids should be
(highly) visible and easily accessible”, found in the
discussion of 1 survey and in 1 expert opinion®?'. In
another survey completed by 114 anesthesiologists,
the most frequently preferred location of the
cognitive aid was the anesthesia station in the
operating room (92.11% of participants), as
compared to the code cart (7.02% of participants)
and the anesthesia office (0.88%'. 1 observational
study, 1 survey and 1 review solely emphasized
the importance of a standardized and consistent
location'*2".

PICO 4 — Paper-based versus electronically-based
cognitive aid design

Three RCTs**%, 1 survey* and 2 expert opinions*'*
discussed whether a paper-based cognitive aid
design should be preferred over an electronic design.
The selected articles are summarized in Table IV.
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Two RCT’s demonstrated a significantly higher
mean checklist performance (15.70 = 1.93 vs 12.95
+ 2.16; P < 0.0001) and median technical skills
(80 [72-84] vs 61 [55-65]; P=0.0002) in the group
randomized to the electronic design as compared
to the group with a paper-based cognitive aid**.
However, in another RCT, the overall performance
did not significantly improve with the use of an
electronically-based design, neither did it reduce
the time to initiate the use of the cognitive aid*.

In a survey, both paper-based and electronic
manuals were deemed useful and beneficial®.
One advantage of paper-based manuals is a better
perceived reliability, for example: full functionality
offline. Disadvantages of paper-based cognitive
can be summarized as user-interface errors and
its confinement by available space and size in
the case of pocket-size cards?***. Advantages
of electronic (dynamic) aids include the ease of
updating and customization, the ‘ready to use’-
facet, the feasibility of being more adapted to a
specific situation (context-aware), and in the case
of a decision support tool, automatic presentation
of the right content at the right time. However,
electronic aids may have several disadvantages,
such as the necessity of communicating software,
hardware and algorithms that synthesizes and
presents the content of incoming data. Electronical
manuals with a touchscreen can be associated with
difficulties in use if the touchscreen is either not or
too sensitive**.

PICO 5 — Lay-out/design of the cognitive aid

Three randomized controlled trials®?"3, 7
observational studies'®'*?#33343¢37 and 5 expert
opinions”3%3132 investigated whether particular
characteristics are beneficial to the lay-out of the
emergency manuals. The selected articles are
summarized in Table V.

Sa. General lay-out

One RCT demonstrated a significantly greater use
of emergency manuals in scenarios where the cause
of the critical event was known, than in scenarios
where the diagnosis was not yet known (an uptake
of 45% versus 2%; P <0,01)%. Second, according to
two observational studies and two expert opinions,
the cognitive aid should have a standardized,
structured and easily readable design'***2. Other
favorable features include a single-page design
and minimal color-blocking”. Third, graphics,
charts and pictures can also be part of a cognitive
aid. However, overcrowding the cognitive aid with
abundant information should be avoided”****. For
electronic aids specifically, an intuitive approach,
short navigation pathways and fully-offline
functionality may be beneficial®.



5b. Design process and redesigning

One RCT and one expert opinion highlighted the
importance of redesigning the cognitive aid based
on its users’ feedback, in-situ testing and local
customization®™*’. In this randomized controlled
trial, the participants with the electronic aid
showed significantly higher median technical
skills than those with the paper-based aid (80 [72-
84] vs 61 [55-65]; P=0.0002). These enhanced
results may be linked to the altered design of the
cognitive aid. These design alterations were based
on user’s feedback collected in a previous trial>?’.

Sc. Linear design versus branched design versus
experimental design

With regard to the structure of the cognitive aid,
3 options are mentioned in the literature: a linear
design, a branched or an experimental design.
One RCT and 3 case-controlled trials investigated
whether a particular design resulted in an enhanced
performance by the clinician or an increased use
of the cognitive aid. The RCT 35 and one case-
controlled trial 37 demonstrated the potential
advantage of a linear design compared to a branched
structure. The linear design produced the shortest
answer-period and a significantly higher overall
team performance and score®-.

On the other hand, two case-control trials*3,
demonstrated a greater ease of use of experimental
aids as compared to a linear design. Favorable design
elements of experimental aids included: content
organized in color-coded blocks, an identical position
of those color-coded blocks on cognitive aids and
emergency manuals supporting sampling behavior**-.

5d. Local adaptation

Two observational studies and 2 expert
opinions highlighted the potential benefit of
local customization. Adopting cognitive aids
and adapting to local settings and standards
could enhance the institutional engagement and
local ownership. However, there is a risk for
overcrowding the cognitive aid with too much
specific information. In addition, local adaptation
may lead to clerical errors™*+,

Se. Sampling behavior

Certain features of the design of a cognitive aid
may better meet the clinicians’ behavior when they
sample the cognitive aid for certain information. In
2 case-control studies, an experimental design was
correlated with a greater ease of use and quicker
identification of information when compared to a
linear design. This was, at least in part, attributed
to certain design features that enhanced the
sampling of information**¢. This role of certain
design features to meet the clinician’s sampling
behavior is supported by experts'e.

51 Role clarity

One case-control study assessed if the use of cognitive
aids with roles defined (CARD) could improve team
performance. In this trial, 3 groups were compared:
[no CARD], [CARD without instructions how to
use CARD], and [CARD with instructions how
to use CARD]. No significant difference in team
performance was found between the three groups.
The authors only subjectively noted an improved role
recognition, improved task awareness and reduced
cognitive load of the team leaders®.

PICO 6 — Decision support systems in cognitive
aids

Decision support tools are dynamic ‘smart
computer checklists’ that can adapt their content to
a specific scenario and assist the decision-making
of clinicians in emergency situations. 22, 26 Two
RCTs 22, 38 and 1 expert opinion 26 discussed the
use of these systems as cognitive aids. The selected
articles are summarized in Table V.

In both RCTs, the participants performed
significantly more steps in the management of a
simulated crisis event when they used an electronic
decision support tool than when only relying
on their memory or a paper-based emergency
manual®*, A near-perfect adherence to the
guidelines was obtained with the decision support
tool combined with a reader in one RCT?. Other
advantages of electronic decision support tools
include their ability to automatically record the
steps that were taken during the management of
a crisis-event, and their context-awareness, i.e.
their ability to adjust their advice according to
the patient’s condition®. However, these systems
require specialized hardware and software®.

PICO 7 — The person reading the cognitive aid
during a critical event

One RCT?, 2 observational studies®¥, 2 surveys 18,
20 and 3 expert opinions™'** discussed the role of a
reader of the cognitive aid during a critical event.
The selected articles are summarized inTable VI.

In 1 RCT, 1 observational study, 1 survey and
2 expert opinions, the presence of a reader was
associated with an accelerated and improved
performance of key steps in the management of
a critical event*’2*** The presence of a reader
released the leader from the burden of examining
the cognitive aid while being occupied with
clinically important tasks in the management of
the critical event. In addition, the participants
expressed a higher sense of satisfaction in the
debriefing’.

However, the benefit of a reader was not
consistent over all studies. In 1 prospective
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observational study that investigated the effect of
the presence of a reader on the time to start key
steps in a critical event, no benefit of having a
reader was shown*. Experts advise to only appoint
a reader if sufficient team members are present®-!,

If a reader would be appointed, the best person
to fulfill this role remains unknown. In one
survey, 58%, 24%, 11% and 7% of experienced
participants, respectively, would appoint the role
to the senior physician, the junior physician, the
anesthesia nurse and the operating room nurse'.
Some experts advise to appoint this role to a
team member with a background in anesthesia
care®®. Other experts let this decision depend on
cultural preferences, the training background and
the availability of staff*’. Whether the choice for a
particular person impacts the clinical outcome, has
not been investigated.

Discussion

In our systematic review, we aimed at finding an
answer to the question how the implementation and
use of cognitive aids in the operating room could
be improved.

The optimal timing of consulting the cognitive
aid could not be determined. However, two
retrospective observational studies demonstrated
a time delay between the onset of a crisis event
and the timing at which a cognitive aid was first
consulted. Therefore, it may be important to
consider designing a cognitive aid in a way that
facilitates delayed access of the cognitive aid into
the critical event'®"”.

The best person to trigger the use of a cognitive
aid also remains unknown. In a recent narrative
review, Goldhaber-Fiebert et al. suggested that the
first crisis team member who becomes available and
is not immediately needed for manual patient care,
should immediately retrieve the cognitive aid®.

The optimal location for the cognitive aid in
the operating theatre is also unclear. The literature
only seems to suggest that the cognitive aid
should be placed at a highly visible, accessible
and standardized location®>'®?'. Interestingly,
Marshall suggests: “to remind us of the cognitive
aid, we have to associate it with the risk, task
or situation*.” It may therefore be important to
place the cognitive aid that addresses specific
critical events in the vicinity of the place where
these critical events may take place. For example,
placing the cognitive aid for the treatment of local
anesthetic system toxicity in room where regional
anesthesia is practiced, may improve its uptake.

We found mixed results in different RCTs
regarding the question whether an electronically-
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based design should be preferred over a paper-based
cognitive aid. We did not perform a meta-analysis
to summarize the results of these RCTs as the
number of participants in the three different RCTs
was very low?*?’, Therefore, in the results section,
we have summarized theoretical advantages and
disadvantages of both designs.

The optimal lay-out of a cognitive aid remains
to be determined. The major part of the literature
that we retrieved suggested that the lay-out of a
cognitive aid should be well-structured and easily
readable. Therefore, graphics and charts may be part
of a cognitive aid, but overcrowding the cognitive
aid with too much information should be avoided.
Additionally, redesigning a cognitive aid based
on user-feedback, and local adaptation seem to be
encouraged*'. The latter may reinforce institutional
engagement and local ownership. Currently, there
is insufficient evidence to prefer an experimental
design over a linear or branched design. However,
the experimental design may have several benefits
such as better meeting sampling behavior and may
therefore be of interest for future research. In a
similar way, decision support tools potentially
offer important benefits due to their dynamic
nature, but lack sufficient evidence to recommend
them for clinical practice.

Last, the majority of the literature seems to
support appointing a person that reads out loud
the key steps during the management of a crisis®.
Which person that should fulfill this role is still
unclear but it may seem advantageous to appoint
this role to a person with a background in anesthesia
care.

Our results may have shed some light on several
ways to improve the implementation and use
of a cognitive in aid in the operating room. We
highlighted several important aspects at the level of
the design and use of the cognitive aid. However,
we should not forget that effective implementation
of'a cognitive aid depends on more than its practical
use. Effective implementation at an organizational
level also encompasses other essential elements
such as advocacy by local champions, leadership
buy-in, customization to local standards and
protocols, an interprofessional implementation
team, training and culture change’ 4.

A conceptual framework literature to guide
the complex clinical implementation of these
cognitive aids has been described. It consists of 4
main elements that overlap and interact with each
other: 1) create an emergency manual or adapt one
that already exists, 2) familiarize clinicians with
the emergency manual, 3) ensure that the cognitive
aids can be clinically used, for example by local
adaptation, and 4) implement the emergency



manual into the local professional practice by
educating the caregivers on the use of cognitive
aids’™.

Educating clinical care personnel on the use of
cognitive aids has several goals: 1) to get clinicians
acquainted with their existence, their content, their
design and lay-out, 2) informing the clinicians about
their purpose and intended use, and 3) to inform
clinicians about their limitations. Additionally,
during educational sessions, concerns about the
use of the cognitive aid as well as obstacles that
prevent them from being used may be addressed.
Last, it may also be essential to train the use of a
cognitive aid in a simulation setting’*',

Unfortunately, our conclusions are severely
limited by the lack of robust evidence in the
literature that we found. First, this could be
the result of the small sample sized RCT’s and
observational studies we found in the literature.
By including expert opinions in our eligibility
criteria, an attempt was made to find some answer
to our research question, but this answer should be
interpreted with extreme caution due to the very
low quality of evidence.

Second, our limited conclusions may partially be
attributed to the limitations in our search strategy.
Bias could manifest as screening, selection and data
extraction was not done in duplicate. Furthermore,
we had predefined time and language restrictions.

Third, several blind spots were identified that
may limit the extrapolation of our finding to the
clinical practice. All of the studies that we retrieved
through our literature search were conducted in a
simulation environment. Studies that investigate
how the implementation may be improved in a real-
life operating room are unfortunately lacking. In
addition, the majority of the included subjects were
trainees, rather than experienced anesthesiologists
which in clinical practice are the main people who
deal with life-threatening situations.

Finally, we did not address the question if the
amount of cognitive aids that are available in the
operating room may impact their uptake. While not
having a cognitive aid available in the operating
room will obviously not help in its implementation,
the availability of too many cognitive aids may
also impair their uptake.

Additionally, we could ask ourselves: ‘Are there
certain circumstances that could benefit more from
the use of cognitive aids?’

Conclusion
We attempted to answer the question how to the

implementation and use of cognitive aids in the
operating room could be improved. However,

our answer was severely limited by the lack of
robust evidence. Therefore, this systematic review
highlights the need for further research.
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