RESUSCITATION 144 (2019) 33-39

Available online at www.sciencedirect.com

- = EUROPEAN
Resuscrtatlon ' RESUSCITATION
COUNCIL
journal homepage: www.elsevier.com/locate/resuscitation
Simulation and education
Basic life support training using shared mental )

Check for
Updates

models improves team performance of first
responders on normal wards: A randomised
controlled simulation trial

Stefanie Beck? ', Christoph Doehn®*', Hayo Funk?, Janina Kosan?, Malte Issleib?,
Anne Daubmann®, Christian Zdllner?, Jens Christian Kubitz?

@ Department of Anaesthesiology, University Medical Center Hamburg-Eppendorf, Martini-Str. 52, 20246 Hamburg, Germany
® Department of Medical Biometry and Epidemiology, University Medical Center Hamburg-Eppendorf, Martini-Str. 52, 20246 Hamburg, Germany

Abstract

Introduction: Survival of in-hospital cardiac arrest (IHCA) depends on fast and effective action of the first responding team. Not only technical skills, but
professional teamwork is required. Observational studies and theoretical models suggest that shared mental models of members improve teamwork.
This study investigated if a training on shared mental models, improves team performance in simulated in-hospital cardiac arrest.

Methods: On the background of an introduction of mandatory Basic Life Support (BLS) training for clinical staff a randomized controlled trial was
performed to compare two training methods. Staff from clinical departments was randomised to receive either a conventional instructor led training
(control group) or an interventional training (intervention group). The interventional training was based on self-directed learning of the group in order to
develop shared mental models. Primary outcome were mean scores of the team assessment scale (TAS) and the hands-off time. Secondary outcome
were mean scores for quality of BLS.

Results: Performance of 75 teams of the interventional and 66 of the control group was analysed. The hands-off time was significantly lower in the
interventional group (5.42% vs. 8.85%, p=0.029). Scores of the TAS and the overall BLS score were high and not significantly different between the
groups. Hands-off time correlated significantly negative with all TAS items.

Conclusion: BLS training for clinical staff which creates shared mental models reduces hands-off time in a simulated cardiac arrest scenario. Training
methods establishing shared mental models of team members can be considered for effective team trainings without adding additional training time.
Keywords: Shared mental models, Self-directed learning, BLS, Basic life support, Training, Simulation, Teamwork

external defibrillation and mask ventilation—a well co-working team is
required.” To perform these technical skills in accordance with the
European Resuscitation Council (ERC) algorithm, team members are

Introduction

First responders starting basic life support (BLS) without delay and in
an efficient way is essential for successful resuscitation in both in-
hospital (IHCA) and out-of-hospital cardiac arrest. For early delivery of
the three key elements of BLS — chest compression, automatic
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supposed to have high non-technical skills, such as good communi-
cation and team adjustment, too. They have to work as a team.?® So
far, the ERC-guidelines of 2015 recommend imbedding team and
leadership training in trainings of Advanced Life Support (ALS)." This
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recommendation is supported by randomised controlled trials which
showed an improvement of team performance and quality of CPR if
there was a focus on training non-technical skills and on a structured
debriefing of the CPR-scenarios.'°

But how to improve team performance? Salas and colleagues
suggested that there are five components which are essential for
successful teamwork: 1) team leadership, 2) mutual performance
monitoring, 3) backup behaviour, 4) adaptability and 5) team
orientation. For realisation of those five components at the bedside,
team members have to trust each other, have to communicate and
need shared mental models."’

The term shared mental model (SMM) means organised
knowledge which is shared by every team member. Effective teams
do not only have a common understanding of the task including goals
and procedures, but also on the team itself. This includes not only
roles, communication channels, information flow and resources but
also knowledge, skills, strengths and weaknesses of the team
members. Such shared mental models have a great impact on team
performance especially in stressful situations.'*'* This has been
demonstrated repeatedly for acute patient care.'>2° Training
methods should foster co-construction of goals and priorities by the
team.?" For team-interaction training and cross-training (shadowing
other team members) the effectiveness on SMM and team perfor-
mance has been demonstrated.?*2°

Therefore building shared mental models should be part of every
team training.?*2° Nevertheless the best way to establish SMM for
first responding teams is still unknown.

In this study a training concept for establishing shared mental
models in a simulated IHCA was assessed. The team performance of
an interventional group, having a BLS training with focus on
developing shared mental models of the team members, was
compared with a conventional BLS training. It was hypothesized that
the interventional training was superior to the conventional training in
respect of hands-off time and team performance (primary outcomes).
Secondary outcome was quality of BLS performance.

Methods

This investigation was a prospective, randomized, simulation study
with blinded participants and assessors. It was performed between
February and December 2017 at the University Medical Center
Hamburg-Eppendorf (UKE), Germany.

In 2017, a mandatory BLS training for all clinical staff was
introduced at the University Medical Center Hamburg. The clinical
staff was randomised group wise to the interventional or control group.
Therefore, the departments were assigned to either the intervention or
the control group using computer-generated random numbers. The
members of a department were trained in mixed groups including
physicians and nurses. The randomisation was performed by a
statistician of the department of medical biometry and epidemiology.
Departments scheduled for ALS training like the department of
anaesthesia, the department of emergency medicine and the
department of intensive care medicine were excluded from the study.

The instructors were recruited from the departments of anaesthe-
sia and intensive care. They were experienced nurses or physicians,
regularly trained in cardiac life support and had a profound experience
in it. All instructors participated in a three-hour preparatory seminar
where they received an update on actual recommendations for BLS
including scientific background and principals of effective teaching.

Then, following randomisation, the instructors of both groups were
familiarized with the specific concept and course of the respective
BLS-training, separately. The instructors were informed about the
study goals but were asked to keep discreet about the details of their
own training method and did not have access to the training material of
the other training group.

BLS-training

This training has been obligatory for clinical staff at the University
Medical Center Hamburg. Participation in the study was voluntary and
all participants gave their written informed consent. The participants
were blinded for the study goal and group allocation. Before starting
the training demographic data and clinical experience were recorded
using a questionnaire. A maximum of 12 participants per course were
trained.

The BLS training lasted 90 min in both groups. Both groups had the
same learning goals but different methods and materials were used for
skill acquisition and training (Fig. 1). The training of the control group
included a 10-min BLS lecture explaining the BLS-algorithm and a
brief introduction in essential non-technical skills (effective communi-
cation and teamwork, leadership and situational awareness) as
recommended in the ERC guidelines.?” The 15-min demonstration of
BLS with use of an automated external defibrillator (Heartstart AED
Trainer 3, Philips Medical Systems, Bdblingen, Germany) was
followed by deconstruction (4-step-approach) of single BLS steps.
Afterwards every participant was trained hands-on in a two-rescuer
BLS scenario on a high-fidelity manikin (Resusci Anne QCPR
manikin, Laerdal Medical AS, Stavanger, Norway). Feedback was
provided by the trainer following the structure and atmosphere of a
Learning Conversation and including the feedback data from the
manikin.?’

The intervention group received a 10-min BLS lecture outlining the
outcome relevant actions during CPR (chain of survival). Afterwards
the participants had to arrange the BLS steps according to priority in a
10-min small group work using a magnet board. The results were
discussed by the whole group. Afterwards a 4-min teaching-video of
how to treat an in IHCA was shown,® followed by a demonstration of
AED use. Afterwards every participant was trained hands-on in a two-
rescuer BLS scenario on a high-fidelity manikin (Resusci Anne QCPR
manikin). Feedback was provided by the other participants using
performance checklists and feedback of the manikin. The participants
were told, that maintaining high quality chest compression is a group
task in CPR and therefore every participant should learn to detect the
quality of CPR and give feedback accordingly. The interventional
training was designed by the trial leaders based on their understand-
ing on how shared mental models are created.

In the control group the instructor's role was one of a classic
teacher, in the interventional group his or her role was one of a
facilitator stimulating self-directed learning.

Assessment

At course conclusion three predefined in-hospital cardiac arrest
scenarios were simulated. The first scenario was part of the training in
both groups. Scenario two and three were used for assessment of the
study outcomes. Three to four participants were assigned by
randomization to each assessment scenario at the beginning of the
training. The randomization followed a predefined system.



RESUSCITATION 144 (2019) 33 -39 35

CONTROL INTERVENTION

Registration and Allocation

I=Yol {V]-H

Outcome
relevant
actions

Lecture:
BLS-
algorithm

Group work:
Priorities in
case of arrest

Demonstration:
BLS and AED
use by trainer

Video: In-
hospital BLS

and AED use
Practical

Training:

Practical
Training:

in teams with
trainer
feedback
in teams with
peer
feedback

Assessment: scenario based with
feedback of trainer

Fig. 1 - Elements and sequence of the BLS training for the
intervention and control group.

Primary outcome: team assessment scale and hands-off time

The German version of the team assessment scale (TAS) was used
to rate the team performance. This scale assesses three categories:
Team Coordination (TC), Cooperation and Information Exchange
(CIE), and Team Adjustment Behaviour (TAB). Each category has

four to five items and every item was rated on a five-point Likert
scale. There was one rater for all groups and scenarios who was
well trained to use this rating tool. The rater was blinded to the group
allocation.

Based on the assumption that early, effective and minimal
interrupted chest compression saves lives and the acceptance of
the compression fraction as one proxy of high quality of resuscitation
efforts, the total hands-off time was assessed. T the delay at the
beginning and all pauses were measured using a stopwatch and the
skill reporter (Resusci Anne QCPR manikin). To calculate the real
hands-off time (time in which no BLS action was performed) 30's for
the initial check, five seconds for two ventilations and 22 's for every
rhythm analysis and defibrillation were removed from the total hands-
off time. For further analysis the compression fraction was calculated
using the equation: 1—(real hands-off time/ total scenario time).

Secondary outcome: quality of BLS

Quality of chest compression and bag-mask ventilation were recorded
by the skill reporter manikin. To represent the relevance of the three
key stones of BLS on patient outcome and to avoid “construct
underrepresentation” and “construct irrelevant variance”, the two
most common flaws in examinations, quality of chest compression,
bag-mask ventilation and AED-use were weighted 2:2:1 to calculate
overall BLS-performance.

An overall chest-compression score of a maximum of 40 points
could be achieved if hand position, chest recoil, compression depth (5-
6 cm) and compression rate (100-120/min) were perfect over 90% of
the time chest compression was attempted. The four quality
parameters of chest compression were weighted equally. From the
maximum of 10 points within every chest-compression parameter,
one point was removed for every 10% of time the parameter was
attempted but not performed correctly. This chest compression score
was multiplied with the chest compression fraction to capture the
quality and the time chest compression was performed.

A maximum of 40 points could be achieved for ventilation if the
ventilation-frequency was 4-6 per minute and the mean ventilation
volume was 500-600 ml. From this score four points were removed if
mean ventilation frequency raised by one above or below the
optimum frequency and so on. For every increase or reduction of
mean ventilation volume per 25 ml two 2 points were removed from
the optimal ventilation score. A maximum of 20 points for AED-use
could be achieved if rhythm analyses was performed within the first
30s. For every delay of 30 s two points were removed from the AED-
score.

Statistical analysis

Statistical analysis was performed with SPSS (version 24, IBM Corp.,
Armonk, New York, USA). The sample size calculation was based on
the assumption of a mean difference of two points in the TAS, a
standard deviation of three points, an average cluster size of three
scenarios per cluster and an intra-cluster correlation of 0.05. With an
a-error of 0.05 (two-sided) and a power of 80% a minimum sample
size of at least 45 test scenarios per group, totalling 90 scenarios were
calculated.

Hands-off time, TAS scores and overall BLS-scores had a
unimodal symmetrical distribution. For the primary and secondary
outcomes, a two-sided t-test was calculated. For post-hoc
analyses of the TAS scores, a chi-squared test was used to
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compare the both groups. The Spearman correlation coefficient
with hands-off time was calculated for TAS scores of the three
dimensions and for every item. Categorical variables were
reported as absolute and relative frequencies and continuous
variables as means with standard deviations. Significance was
considered for p <0.05.

Results

A total of 183 teams were randomised, 90 teams to the intervention
group and 93 teams to the control group. Eight instructors trained the
intervention group and eight the control group. Finally, 75 teams of the
interventional and 66 teams of the control group were included in the
analysis (Fig. 2). A high number of teams had to be excluded from the
analyses because the skill reporter did not capture ventilation or
denied saving. One trainer finished the scenario regularly before the
intended assessment could be finished. Demographic data were
comparable between the groups (Table 1).

Primary outcome: team performance and hands-off time

Team performance assessed with the TAS was high in all dimensions
and not significantly different between the groups (Table 2). For the
dimension Team Coordination (TC) the intervention group achieved a
mean of 4.08 (SD 1.05) points and the control 4.05 (SD 0.98). In the
dimension Cooperation and Information Exchange (CIE) the

intervention group scored with a mean of 3.88 (SD 1.06) slightly
higher than the control group with 3.74 (SD 1.02). Means of Team
Adjustment Behaviour (TAB) were 4.28 (SD 0.90) for the intervention
group and 4.31 (SD 0.75) in the control group.

The real hands-off time was significantly different between the
groups (p=0.029). In the control group, the mean hands-off time was
8.85% (SD 10.6) and in the intervention group itwas 5.42% (SD 7.75).
The interventional groups started after 25.92s (SD 11.63) with the
chest compression and the control after 29.39s (SD 17.42) at the
beginning (mean difference 3.47,95% Cl: —1.09t0 8.03; p=0.14) and
made less pauses (Fig. 3). During the scenario the groups of the
intervention training did not perform any BLS treatment action for
3.83s(SD: 19.94) and the control training for 10.18 s (SD 24.31; mean
difference 6.35, 95% CI: —1.02 to 13.72; p=0.091).

All dimensions of the TAS correlated significantly negative with the
hands-off time (TC: CC=-0.23; p=0.010, CIE: CC=-0.28,
p=0.001, TAB: CC=-0.28; p=0.001). For all items of the TAS a
significant negative correlation with CC between -0.18 and
—0.31 could be observed.

Secondary outcome: quality of BLS

The overall score for BLS performance was not significantly different
between the groups (p=0.49). The control group achieved a mean
scoreof 71.41 (SD 10.57) and the intervention group of 70.19 (SD 9.71).
Forthe quality of chest compression, the control group achieved slightly
higher scores (mean 26.09, SD 5.09) than the intervention group (mean
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Fig. 2 - CONSORT flow diagram of the participants.
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Table 1 - Demographic data of the participants.

Control Intervention
Age % (n)
16-29 years 16.9 (30/178) 23.7 (57/241)
30-39 years 33.1 (59/178) 34.4 (83/241)
40-49 years 21.3 (38/178) 18.3 (44/241)
50-59 years 23.6 (42/178) 20.3 (49/241)
60+ years 5.1 (9/178) 3.3 (8/241)

Gender % (n)

Female (%)

Profession % (n)
Nursing (%)

Physician (%)
Scientist (%)
Administration (%)
Work experience % (n)

66.7 (116/174) 68.1 (160/235)
67.5 (114/169)
30.2 (51/169)
0.6 (1/169)

1.8 (3/169)

66.8 (155/232)
31.9 (59/232)
3.9 (9/232)
3.9 (9/232)

<5 years 22.2 (39/176) 28.8 (68/236)
5-10 years 19.3 (34/176) 22.5 (53/236)
10-15 years 12.5 (22/176) 15.7 (37/236)
15-20 years 10.2 (18/176) 7.6 (18/236)
>20 years 35.8 (63/176) 25.4 (60/236)
Last CPR-training % (n)

<6 months 6.1 (10/164) 7.0 (16/228)
6-12 months 16.5 (27/164) 18.9 (43/228)
1-3 years 44.5 (73/164) 43.0 (98/228)
>3 years 25.0 (41/164) 21.5 (49/228)

Not recallable 7.9 (13/164) 9.6 (22/228)

24.63, SD 4.61). The difference of 1.46 points was not significant
(p=0.074). Performance scores for quality of bag mask ventilation and
AED use were not different between the groups (Table 3).

Discussion

In this study teams with shared mental models for BLS had a shorter
hands-off time during simulated cardiac arrest scenarios compared to
the control group. This positive effect on hands-off time may be
attributed to improved Cooperation and Information Exchange
behaviours of the team. There was a significant correlation of team
skills with hands-off time. Therefore, this study suggests three aspects
for improving team performance in BLS.

First, shared mental models can be established successfully
without the need of any additional training time. So comprehensive
concepts for establishing shared mental models during BLS training
should be recommended, as it has been for non-technical skills and
structured debriefing of the CPR-scenarios.®'° For establishing
shared mental models, no additional equipment for video debriefing is
required. Instructors need to be instructed first, and they need
moderation skills, but no formal training on crew-resource manage-
ment and professional feedback skills is necessary. The teamwork
processes during the training allow to acquire shared mental models,
theoretical knowledge and skills at the same time. The presented
concept improved team performance without adding training time.

30 29.39

25

20

10.18

s 3.83

o

Time to chest compression (p=0.14) Pauses (P=0.091)

m Control = Intervention

Fig. 3 - Time to first chest compression and pauses
during the scenario in seconds.

So far, there is little evidence of a correlation between team work and
clinical team performance.? A negative correlation between hands-off
time and effective team work has been demonstrated by Fernandez
Castelao and colleagues.® The negative correlation of all dimensions and
items of the team assessment scale with the hands-off time suggests that
several aspects of teamwork are essential for effective team perfor-
mance. In this study the reduced hands-off time can be attributed to
improved Cooperation and Information Exchange behaviours. In return it
can only be assumed, that an improvement in any other dimension of the
team behaviours could lead to lower hands-off time.

Third, establishing shared mental models has been described to
improve communication and back-up behaviour for example in fire-
fighting simulations.'®2%*° In the presented study mutual communication
and coordination was better, when shared mental models were present.
The teams with shared mental models showed more open, directed and
closed-loop communication then the teams after the instructor-led
course. However, there was no difference in back-up behaviour.

Strengths and limitations

The study has a low risk of bias according to the Cochrane List of bias
for randomised trials. For randomisation and allocation methods with
low risk of bias were used. All outcomes are analysed and reported as
pre-specified in the ethics application. Blinding of the participants and
the assessor was not broken. The trainers were not blinded but highly
motivated to train the clinical staff. Missing data due to technical
malfunction of the skill reporter is considered as not leading to bias.
Even though this randomised controlled trial has a low risk of bias the
study has some important limitations.

The team performance in both groups was very high. Therefore,
the difference was lower than expected in advance. For some aspects
of teamwork, the TAS may not been sensitive enough as both groups
were in the upper range of the five-point Likert scale. For better
discrimination in the future two methods may be suggested. First,

Table 2 - Mean points in the three dimensions of the team assessment scale.

Team performance Control Intervention p-Value
Team adjustment behaviour— mean (SD) 4.31 (0.75) 4.28 (0.90) 0.82
Cooperation and information exchange— mean (SD) 3.74 (1.02) 3.88 (1.06) 0.43
Team coordination— mean (SD) 4.05 (0.98) 4.08 (1.05) 0.88
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Table 3 - Basic life support performance.

Parameter of BLS

Measured mean values

Calculated mean scores

Control Intervention Control Intervention
Quality of chest compression 26.1 (5.1) 24.6 (4.6)
Hand position— time % correct (SD) 85.8 (20.1) 90.1 (17.2) 8.9 (1.9) 9.3 (1.6)
Compression death— time % correct (SD) 56.5 (19.5) 52.2 (21.6) 6.1 (2.0) 5.7 (2.2)
Compression frequency— time % correct (SD) 34.7 (32.3) 29.2 (27.6) 3.9 (3.2) 3.4 (2.7)
Chest recoil - time % correct (SD) 67.8 (24.4) 58.3 (24.7) 7.2 (2.5) 6.3 (2.4)
Quality of chest compression x cc fraction 23.6 (4.6) 23.3 (4.7)
Hands-off time— % (SD) 8.9 (10.6) 5.4 (7.75)
Chest compression fraction (SD) 0.91 0.95
Quality of bag mask ventilation 31.4 30.6
Time to first ventilation— sec (SD) 54.9 (25.1) 54.5 (26.6)
Mean ventilation rate — per min (SD) 4.1 (1.4) 4.1 (1.5)
Mean ventilation volume— ml (SD) 588.8 (161.4) 600.5 (174.0)
Time to first rhythm diagnostic— sec (SD) 73.6 (31.6) 73.3 (24.8) 16.3 16.2
Time to AED use— sec (SD) 45.4 (28.2) 46.1 (19.9)
Overall-score BLS score 71.4 (10.6) 70.2 (9.7)

counting the frequency of certain behaviours seems to enhance the
discrimination, however, this method is not validated for the TAS so
far. Second, behaviours indicating shared mental models could be
used as an endpoint of team interventions. Westli et al. reported that
team performance of trauma teams is better predicted by behaviours
indicating shared mental models then by teamwork skills.®! To
investigate if shared mental models are good predictors of team
performance in resuscitation, validated instruments with high
discriminatory power like the ATOM®? could be used.

This study shows that this local training concept on shared
mental models is effective to reduce hands-off time. However, it
does not provide information about which component of the concept
is the most effective. Therefore, the presented data only allows the
conclusion, that this multifactorial concept of shared mental models
is effective. Previous studies investigated single components of a
training and outlined that co-construction is important for the
development of task related shared mental models in teams.?’
Giving and receiving feedback from other team members provides
the opportunity to learn more about the individual members of the
team (skills, strengths, needs . . . ). It supports open and directed
communication and activates all team members to take responsi-
bility for the performance of all team members. It can be assumed
that this part had a strong impact on Cooperation and Information
Exchange behaviours.

The effects of the intervention measured in a simulated cardiac
arrest situation seems low and the clinical effect of the intervention
cant be estimated. For assessing the effects of the training on patient
outcome, performance markers as response times, time until chest
compression and AED use and quality of chest compression and
ventilation must be assessed in real cardiac arrest situations.

Conclusion

BLS training for clinical staff which supports development of shared
mental models reduces hands-off time in a simulated cardiac arrest
scenario. The reduction of the hands-off time is associated with a
better team coordination in this group. Training methods establishing
shared mental models of team members should be considered for

effective team training, and they can be achieved without adding
additional training time.
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