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ABSTRACT

Introduction Mechanical cardiopulmonary
resuscitation (M-CPR) is increasingly used in the
management of cardiac arrest. There are no previously
reported randomised studies investigating M-CPR
training. This study of newly trained M-CPR providers
hypothesised that a brief simulation-based intervention
after 4 months would improve M-CPR performance at

6 months.

Methods This study used a simulated ‘in situ’ cardiac
arrest model. The M-CPR device used was a proprietary
Lund University Cardiac Assist System 3 machine (Physio
Control, Redmond, Washington, USA). Standardised
baseline training was provided to all participants.
Following training, baseline performance was assessed.
The primary outcome measure was the time taken

to initiate M-CPR and the secondary outcome was
performance against a checklist of errors. Participants
were then randomised to intervention group (simulation
training) or control group (routine clinical use of M-CPR).
After 6 months the outcome measures were reassessed.
Comparative statistical tests used an intention-to-treat
analysis.

Results 112 participants were enrolled. The
intervention group (n=60) and control group (n=52)
had similar demographic characteristics. At the 6-month
assessment, median time to M-CPR initiation was 27.0s
(IQR 22.0-31.0) in the intervention group and 31.0s
(IQR 25.6—46.0) in the control group (p=0.003). The
intervention group demonstrated fewer errors compared
with controls at 6 months (p<0.001)

Conclusion In this randomised study of approaches

to M-CPR training, providers receiving additional
simulation-based training had higher retention levels

of M-CPR skills. Therefore, when resuscitation skills are
newly learnt, provision follow-up training should be an
important consideration.

BACKGROUND

The two most influential predictors of mortality in
cardiac arrest are provision of effective basic life
support (BLS) and early defibrillation.! Overall
patient outcomes are determined by various factors,
including the quality of cardiopulmonary resuscita-
tion (CPR), public education, access to defibrilla-
tors and well-trained providers.” Mechanical CPR
(M-CPR) devices can be used to deliver uninter-
rupted chest compressions with the caveat that
its use can lead to significant BLS interruptions.
M-CPR devices are increasingly used in EDs despite

What is already known on this subject

» Mechanical cardiopulmonary resuscitation
(M-CPR) is being increasingly adopted in the
management of refractory cardiac arrest.

» The best approach to M-CPR training is
unknown, but it is well-established that newly
acquired resuscitation skills decline significantly
within a few months of baseline training.

» The requirement for reliable and rapid
deployment of M-CPR devices in the ED
represents a current challenge for resuscitation
educators.

What this study adds

» In this randomised controlled trial of
approaches to M-CPR training, the intervention
group received a brief simulation-based
‘refresher’ 4 months after baseline training.

» At a 6-month assessment of performance,
providers receiving an additional brief
simulation intervention had a significantly
shorter time to initiate M-CPR compared with
control subjects.

» Serial simulation-based skills training appears
to be an effective strategy for the maintenance
of M-CPR skills.

» A similar educational approach may also be
worthy of consideration in training for other
occasionally used resuscitation skills.

a paucity of supporting evidence.® * However,
M-CPR may be desirable in specific circumstances
such as prolonged resuscitation, during patient
transport and as a bridge to emergency invasive
procedures such as extracorporeal membrane
oxygenation (ECMO).*’

An increasing uptake of M-CPR represents a chal-
lenge for resuscitation educators. Published reports
showing interruptions to effective BLS occur when
applying M-CPR highlight the importance of educa-
tion and training.® > A previous observational study
of M-CPR training describes a steep “learning curve’
and outlines an approach using a dedicated team. '
In this study, the team approach described resulted
in a reduction in the time to initiate M-CPR."

To date, there have been no randomised trials
examining M-CPR training or the role of simu-
lation in this context. Therefore, we undertook a
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randomised controlled trial (RCT) of serial simulation-based
training at an ED with no previous use of M-CPR. Our null
hypothesis was that ‘M-CPR providers exposed to a brief stan-
dardised simulation 4months following baseline training would
have similar M-CPR performance at 6 months when compared
with control subjects receiving identical baseline training and
routine clinical exposure'.

MATERIALS AND METHODS

The study was completed between 1 December 2016 and 31
May 2017 and adhered to the Australian National Statement on
Ethical Conduct in Human Research.

Due to the paucity of data for M-CPR, the evidence related
to other ALS skills was extrapolated to predict performance
following training.'' '* Studies of ALS skills retention have shown
that performance degrades as early as 3 months."® Therefore, we
anticipated that new M-CPR skills would decline between 3 and
6 months following training. The primary outcome measure
selected was ‘the time to effective M-CPR application at an
assessment of performance 6 months following standardised base-
line training’.

Power calculation

A previous pilot study with another proprietary M-CPR device
suggested that the primary outcome measure (time required
to initiate M-CPR) would exhibit a skewed distribution. The
sample size calculation was therefore based on a Mann-Whitney
rank-sum test of the null hypothesis H: Pr(C>I)=0.5 versus
an alternative H,: Pr(C>I)~=0.5,where C is a randomly
selected observation from the control group and I is a randomly
selected observation from the intervention group. The statistical
programme nQuery was used to calculate that 50 subjects in
each group would have 80% power to detect a probability of
0.66 that an observation in the control group is greater than
an observation in the intervention group using a Mann-Whitney
rank-sum test with a 5% two-sided significance level.'* A total
sample size of 112 subjects was chosen to allow for an expected
participant drop-out rate of 10%.

Inclusion criteria

Predefined inclusion criteria were that participants must be
‘trained ALS providers’ and able to ‘provide written informed
consent’. Exclusion criteria were that participants were
‘untrained in ALS’, had ‘prior M-CPR training’ or were ‘unable
to complete envisaged follow-up’.

Study setting and equipment

The setting for the study was Westmead Hospital, a university
affiliated tertiary centre. An ED ‘in situ’ simulation model was
selected for training and assessment. We used a low-fidelity
simulation manikin (Laerdal, Stavanger, Norway) with a modi-
fication of 7cm of high-density foam under the synthetic chest
skin covering. The simulated model was considered superior
to a clinical study due to logistics, a requirement of precision
measurements and for reliable standardisation of the simulated
scenario. The device used in this study was a proprietary Lund
University Cardiac Assist System (LUCAS-3) device (Physio
Control, Redmond, Washington, USA). All LUCAS devices
deliver compressions via a battery powered piston mechanism. '’
The LUCAS device has no defined maximum or minimum
weight limit, but its use is often constrained by extremes of chest
girth (either too small or too large). The simulation manikin

Exclusions (n=8)
- Unable to
complete Assessed for eligibility (n=120) |
envisaged follow
up (n=8) |

‘ Eligible and consented to participate (n=112) |

[ Simulation training and feedback (n=112) |

Randomised (n=112)

[ ]
‘ Allocated to control (n=52) | ‘ Allocated to intervention (n=60) ‘

l

Additional simulation training
and feedback (n=60)

[

Lost to follow-up (n=4)

Analysed at 6-months (n=54)
- Excluded from analysis (n=2)

Figure 1  Flow diagram of enrolment, randomisation and training of
participants.

’ Lost to follow-up (n=2) ‘ ’

Analysed at 6-months (n=50)
- Excluded from analysis (n=0)

used in this study represented a typical adult male, with a weight
of 80kg and chest circumference of 93 cm.

Training and assessment

At enrolment, baseline training was delivered to interdisciplinary
participants allocated to pairs on an ad hoc basis. Working in
pairs was considered necessary to create a real-life representa-
tion of M-CPR deployment. The standardised training consisted
of an instructional video followed by a brief M-CPR simula-
tion scenario.'® The training video was devised using the device
manufacturer’s user manual. Following the video, the partici-
pants immediately received 4 min of facilitated ‘hands-on’ time
with the M-CPR device. The video and ‘hands-on’ time were
only provided once (at baseline training). Subsequently, the
participants were asked to complete the standardised simulation
with assessment of the time to initiate M-CPR (6 min) followed
by semi-structured feedback (4 min).'

After 6 months, available participants completed their final
assessment (figure 1). Participants were timetabled for follow-up
within predefined time windows (figure 1). At the 6-month
assessment, the participants were assigned a working partner
from the same randomisation group. However, they were not
necessarily allocated with their previous partner due to the
constraints of rostering and the limited time windows available
in which to complete assessments.

Standardised simulation

Participants were given scripted instructions asking them
to ‘prepare to deploy the M-CPR device in a timely manner
following the paramedic handover (figure 2). After 90s of
preparation time, a scripted handover was read to participants
by the simulated paramedic actor. The timing clock was started
at the end of the handover. Following successful initiation of
M-CPR, participants were asked to ‘continue two cycles of ALS’
including integration of defibrillation and drug administration.
The postscenario feedback was delivered by facilitators trained
in simulation-based medical education and was time limited
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Simulation Notes Results
Handover For simulation assessment allow 90 seconds Time = 0:00
preparation time with LUCAS device.
{The timer i started when handover 5 completed By
(start stopwatch)

simulation facully paramedic)

First Mechanical CPR
compression?
(PRIMARY OUTCOME)

Defined as the measurad time from the end of
handover until the first effective compression by the
LUICAS dievice’ (See checklist of errors)

Time to first compression:

Checklist
(List of Critical Errars)

Completion of task on first attempt?
(please circle)

1) Lift patient to semi-sitting or log-roll? (30 degress semi-sitting preferred)

Caorrect at first atternpt
Incorrect on first attempt

2)  Risk of accidental remaval of Tube? (e.g. ETT tube was not secured)

Carrect at first atternpt
Incorrect on first attempt

3) Correct position of suction cup?

Caorrect at first atternpt
Incorrect on first attempt

4)  Arms are outside device? (for the simulstion can go abave head)

Correct at first atternpt
Incorrect on first attempt

5)  Device locked in correctly on first attempt?

Correct at first attempt
Incorrect on first attempt

the LUCAS — the device work both ways)

6) Correct orientation of M-CPR device? (e.g. faaing towards the operator of

Caorrect at first atternpt
Incorrect on first attempt

7y Press button '1'

Correct at first attempt
Incorrect on first attempt

8)  Pull down suction cup

Correct at first atternpt
Incorrect on first attempt

9)  Press button ‘2

Caorrect at first atternpt
Incorrect on first attampt

10) Press button ‘3’

Correct at first atternpt
Incorrect on first attempt

11} Place shoulder strap to prevent inadvertent migration of device?

Correct at first atternpt
Incorrect on first attampt

TOTAL NUMBER OF "FIRST ATTEMPT' ERRORS

TOTAL ERRORS =

Figure 2 Data collection sheet and error list.

to 4min. Feedback was semi-structured using a Gather-Anal-
yse-Summarise framework and faculty referred to an M-CPR
error checklist (figure 2).77

Standardised intervention (4-month repeat simulation)

The standardised intervention consisted of a brief ‘skills
refresher’ after 4 months.'” The skills refresher consisted of a
repeat of the standardised simulation with semi-structured
feedback. Feedback was again limited to 4 min and delivered
by trained simulation instructors (AC and NM). To avoid the
risk of observer bias two independent investigators measured
the outcomes at the 6-month assessments. The control group
received no additional allocated simulation training but were

exposed to routine M-CPR ‘real-life exposure’. In order to assess
equivalency of real-life exposure between groups, at the end of
the study we asked all participants if they had used M-CPR in
their everyday clinical practice over the 6 months.

Outcome measures

Time required to initiate M-CPR was the primary outcome
measure. This variable was considered a reasonable surrogate
measure of M-CPR skill proficiency. The secondary outcome
measure was a quantitative assessment against a checklist of
important errors (figure 2). Assessment of critical errors that
would be likely to cause ‘ineffective’ or ‘unsafe’ use of the device
were determined by consensus of two investigators.
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Randomisation, blinding and analysis

Following baseline training, participant pairs were allocated at
random to intervention or control groups. Simple randomisa-
tion was conducted using an electronic tool (www.graphpad.
com/quickcalcs). Randomisation was conducted by the lead
investigator with oversight by an independent statistician.'® The
intervention and control groups were allocated to a training and
assessment schedule within defined time windows scheduled by
the lead investigator (figure 1). Following randomisation, all
reasonable measures were taken to maintain allocation conceal-
ment. The final 6-month assessments were carried out by inves-
tigators who were blinded to the participants’ group allocation.

Overall, 6/112 (5.4%) of participants were lost to follow-up.
Loss to follow-up was due to either planned leave or sick leave
(figure 2). Additionally, an extreme outlying result in the inter-
vention group was excluded from the final analysis. The outlying
result was caused by an episode of inadvertent equipment failure
during the 6-month assessment.

There was no ‘crossover’ of subjects from one treatment arm
to the other. The baseline assessments of all 112 enrolled partici-
pants and of the 104 subjects who completed the 6-month assess-
ment are included in the baseline characteristics results (table 2).

The data were analysed using IBM SPSS (V.24). A 5%
two-sided significance level was used throughout. Time to
successful M-CPR application and the number of errors were
not normally distributed variables. They are summarised by
treatment using medians and IQRs (lower to upper quartile), and
ranges (minimum to maximum). Mann-Whitney rank-sum tests
are used to test for differences between groups at baseline and
at 6 months. Box plots are used to illustrate the approximately
normal distributions of within-subject changes in the outcomes
from baseline to 6-month assessment by treatment. Means and
95% Cls are used to summarise these within-subject changes.
Paired t-tests are used to test for within-subject change separately
for each treatment group.

RESULTS

Participants were enrolled during a 4-week baseline training
window (table 1). Participants included 25 senior doctors
(consultants), 21 doctors in training (registrars) and 66 registered
nurses. The registered nurses included 20 from cardiology and
46 from the ED. Median postgraduate career experience was 8.5
years (range 1-36 years). Baseline characteristics of participants
randomised to the intervention and control groups were similar.
Self-reported ‘real-life’ clinical use of M-CPR devices during the
study period was 36/54 (66.7%) in the intervention group and
34/50 (68.0%) in the control group (p=0.885).

The primary outcome (time taken to initiate M-CPR) is
reported in table 2. At baseline, the intervention group had a
median time to M-CPR initiation of 31.2s (IQR 25.9-39.0)
compared with 26.5 (IQR 22.7-31.9) in controls. This repre-
sented an unexpected statistically significant imbalance at base-
line (p=0.006). At the 6-month assessment, the intervention and

Table 1 Participant baseline characteristics (n=112)

Intervention Control group
group (n=60) (n=52)

Median years postqualification (range) 8.5 (3-36) 8.5 (1-25)
Basic life support and ALS trained (n/%) 60 (100%) 52 (100%)

Consultant doctors (n/%) 16 (26.7%) 9(17.3%)
Registrar doctors (n/%) 10 (16.7%) 11 (21.2%)
Registered nurses (n/%) 34 (56.7%) 32 (61.6%)

Table 2 Time to initiation of mechanical cardiopulmonary
resuscitation (M-CPR)

Intervention

group Control group P value
Baseline assessment: 31.2 26.5 0.006
median time to M-CPR (25.9-39.0) (22.7-31.9)
initiation in seconds (20-59s) (17-665)
(IQR and range) (n=60) (n=52)
Baseline assessment*: 31.5 26.5 0.004
median time to M-CPR (25.9-39.0) (22.7-31.9)
initiation in seconds (20-59s) (17-665)
(IQR and range) (n=54) (n=50)
Final (6 months) time to 27.0 31.0 0.003
initiate M-CPR: (22.0-31.0) (25.6-46.0)
median time to M-CPR (15-58s) (17-645s)
initiation in seconds (n=54) (n=50)
(IQR and range)
Change from baseline to -5.6 43 <0.001
final: (=14.0-1.2) (-2.4-19.0)
change in time to M-CPR (-37-30.25) (-40.0-35.85)
initiation in seconds (n=54) (n=50)
(IQR and range)

*excludes participants lost to follow up at the final assessment.

control groups had a median time of 27.0s (IQR 22.0-31.0) and
31.0s (IQR 25.6-46.0), respectively. This difference in distribu-
tion between groups of the primary outcome at 6 months was
statistically significant (p=0.003).

Box plots (figure 3) are presented to illustrate the within-sub-
ject change in time to initiation from baseline to 6 months by
group. These within-subject changes demonstrate approximate
normality. For those receiving the intervention, the average time
to initiation decreased by 6.7s (95% CI 3.3 to 10.0s, p<0.001).
For controls, the average time increased by 5.1s (95%CI 0.3 to
9.9, p=0.036). A general linear model was fitted to the ‘time to
M-CPR initiation at 6 months’ to adjust for the baseline imbal-
ance between groups. This model included the treatment factor
(intervention vs control) and baseline time to initiation as a
covariate. The estimated mean difference between the interven-
tion and control groups in time to M-CPR initiation at 6 months
after adjustment was 8.6s (95% CI 4.3 to 12.8s, p<0.001).

| Faster CPR J—
307 initiation at final
assessment

20

No change

Decrease in application time (secs)

Slower CPR
initiation at final
-30-| assessment o

-40—

T T
Control Intervention

Figure 3  Time to initiation of mechanical cardiopulmonary
resuscitation (M-CPR).
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Table 3  Error rate per scenario at baseline and at 6 months

Intervention  Control

group group P value
Baseline assessment: Two errors Two errors 0.434
median number of errors (range) (0-5) (0-4)

(n=60) (n=52)
Baseline assessment:* Two errors Two errors 0.397
median number of errors (range) (0-5) (0-3)

(n=54) (n=50)
Final (6 months) assessment: Two errors Three errors ~ <0.001
median number of errors (range) (0-4) (0-5)

(n=54) (n=50)

*excludes participants lost to follow up at the final assessment.

The secondary outcome (occurrence of critical errors) is
reported in table 3. There was no significant difference in the
rate of errors between groups at baseline (p=0.434). At the
6-month assessment, the intervention group had a median error
rate of 2 per scenario (IQR 1-3) compared with a median of
3 per scenario (IQR 2-3) in the control group (p<0.001). For
the 104 subjects who completed the 6-month assessment, there
was a statistically significant within-subject change in number of
errors from baseline to 6 months (p=0.007). Individual errors
for the 104 subjects who completed the study were compared
between baseline and 6 months. No statistically significant with-
in-subject change in the number of errors was observed in the
intervention group (p=0.517). In the control group, the median
within-subject increase in the number of errors was 1 (IQR 0-2,
p<0.001).

Table 4 provides a supplementary overview of the whole
study cohort in terms of specific types of errors made. This table
reports on the rate of each individual error at baseline and at
6 months. The change in error rate from baseline to 6 months
reached statistical significance for error ‘6’, °9” and “11°.

DISCUSSION

M-CPR may have advantages over manual chest compres-
sions in specific scenarios such as prolonged cardiac arrest and
during transportation.’® Of note, a recent increase in the use of
M-CPR has occurred in various clinical settings.'” Despite an
increase in uptake, M-CPR is unlikely to be used every day by

ALS providers. Therefore, if M-CPR is to be used a high level of
baseline training and an approach to skill maintenance are both
important considerations.

In this RCT of approaches to resuscitation training, we report
that a brief simulation-based intervention at 4 months led to a
reduction in the time to initiate M-CPR at 6-month follow-up.
At baseline, the measured time to initiate M-CPR was unexpect-
edly superior in controls (median 26.5 vs 31.2s) (p=0.006).
While the high level of baseline performance is notable, by the
study conclusion a reversal was observed, with a superior perfor-
mance in the intervention group. The attrition of performance
seen in controls is consistent with findings from other studies
examining resuscitation skill maintenance.*”*! The skill attrition
observed is also in keeping with studies that show skills return to
near baseline without retraining. "

In terms of effect size, for participants receiving the inter-
vention, the average time to successful M-CPR application
decreased from baseline to 6months by 6.7s (95%CI 3.3
to 10.0s, p<0.001). For control subjects it increased by 5.1s
(95%CI 0.3 to 9.9s, p=0.036). While these results represent
a statistically significant change, the actual difference was rela-
tively small (measured in seconds). Therefore, the results in
themselves should not be viewed as either clinically significant
or a justification for using M-CPR.

In terms of strengths, the study used standardised measures
of performance and the educational intervention was brief and
used in-kind resources. The study was randomised, blinded and
accounted for confounders such as variance in the rate of clinical
exposure to M-CPR (table 1). As a result, the findings represent
a useful addition to previous observational studies examining
M-CPR training. Moreover, the intervention was achievable with
low-cost simulation equipment and a small amount of faculty
time. An efficient use of faculty is especially important in busy
ED settings where time constraints may limit training opportu-
nities. In terms of applicability to a busy ED, the intervention
was very brief (10 min) and structured (figure 2). The training
was completed in pairs, halving the required faculty time, and
increasing opportunities for participants to improve their team-
work. In addition, the learning needs of experienced providers,
such as communication skills and correction of errors, could be
individually addressed with immediate feedback on performance.

Table 4 Categorisation of errors at baseline and 6-month assessments

Baseline assessments (n=56)

Final (6 months) assessments (n=52)

Intervention Total baseline Intervention

group Control group errors group Control group Total final errors P value
Error checklist (figure 2) (n=30) (n=26) (n=56) (n=27) (n=25) (n=52) (total errors)
(1) Failure to lift patient up to semi-sitting or failure to 1(3.3%) 0 (0%) 1(1.79%) 1 (3.70%) 0 (0%) 1(1.92%) 0.96
log-roll? (n/%)
(2) Failure to prevent risk of accidental removal of 18 (60%) 10 (38.46%) 28 (50.0%) 9(33.33%) 14 (56.0%) 23 (44.23%) 0.55
endotracheal tube? (n/%)
(3) Incorrect position of suction cup? (n/%) 6 (20.0%) 7 (26.92%) 13 (23.21%) 3(11.11%) 5 (20.0%) 8(15.38%) 0.31
(4) Failure to place arms outside device? (n/%) 0 (0%) 1(3.85%) 1(1.79%) 0 (0%) 0 (0%) 0 (0%) -
(5) Device locked in correctly at first attempt? (n/%) 4(13.33%) 5(19.23%) 9 (16.10%) 3(11.1%) 3 (12.0%) 6 (11.54%) 0.50
(6) Correct orientation of the M-CPR device? (n/%) 3(10.0%) 2 (7.69%) 5 (8.93%) 5 (18.52%) 8 (32%) 13 (25%) 0.03
(7) Failure to press button ‘12 (n/%) 4(13.33%) 4(15.38%) 8 (14.29%) 5 (18.52%) 6 (24.0%) 11 (21.15%) 0.87
(8) Failure to pull down suction cup? (n/%) 5(16.67%) 5(19.23) 10 (17.86%) 6 (22.22%) 3(12.0%) 9(17.30%) 0.94
(9) Failure to press button 22 (n/%) 2 (6.67%) 3 (11.54%) 5 (8.83%) 4 (14.81%) 10 (40%) 14 (26.92%) 0.01
(10) Failure to press button '3? (n/%) 0 (0%) 1(3.85%) 1(1.79%) 0 (0%) 1 (4.0%) 1(1.92%) 0.96
(11) Failure to place shoulder strap to prevent migration of 11 (36.67%) 3 (11.54%) 14 (25.0%) 10 (37.04%) 18 (72.0%) 28 (53.85%) 0.002
device? (n/%)
Total 54 4 95 46 68 114 -

M-CPR, mechanical cardiopulmonary resuscitation.
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In terms of wider application, several concepts from the study
could be extrapolated to other areas of resuscitation training.
First, the results add weight to the wider evidence that new skills
decline disconcertingly quickly. Moreover, it appears that our
skills may decline faster than we are tested for continuous profes-
sional development (CPD) accreditation. Studies reviewing this
issue concluded there is no good evidence supporting annual
assessment of CPD competence.*! > Of note, many of the well-
known mandatory CPD training programmes provide either no
follow-up, or optional abbreviated training several years later.

While the need for regular training is often viewed as prohib-
itively expensive, the intervention described could be carried
out by a small group of motivated resuscitation educators. By
adopting a similar approach, the frequency of in-house ED
refresher training could be increased. As well as maintaining
new M-CPR skills, participants who undertake a ‘regular
refresher’ (also widely known as spaced learning) could be given
opportunities to apply their M-CPR skills within the context
of the wider ALS algorithm, and therefore also revise other
important cardiac arrest skills such as defibrillation and drug
administration.

In regard to the cohort as a whole (table 4), we observed that
three specific errors had a significant increase their occurrence
over the study period. As a result, these individual errors were
the subject of further evaluation and targeted training. The
three errors were ‘failure to place the shoulder strap’, ‘failure to
press button 2’ and ‘incorrect orientation of the M-CPR device’.
A failure to place the shoulder strap is important because it
can lead to device migration causing iatrogenic injury.”® This
error was identified as a latent safety threat and has led to
further training provided at regular intervals. On the other
hand, we concluded that omitting the step of pressing ‘button
2” was unlikely to lead to unsafe M-CPR operation.'® Addi-
tionally, the observed increase in ‘incorrect orientation of the
M-CPR device’ could be an anomalous finding. Many of our ED
providers appeared to adapt their practice through the course
of the study as a result of clinical use. Following initial training,
we observed providers operating both the defibrillator and the
M-CPR device simultaneously. This approach requires the
opposite orientation of the device to the one taught during
baseline training and therefore may explain the change in error
rate observed.

Our overall experience with M-CPR was positive. However,
conducting the study has highlighted the potential pitfalls of
introducing new resuscitation technologies. In particular, we
believe there is a risk of distraction from other key ALS priori-
ties such as early defibrillation. Distraction could be minimised
by well-designed education and cognitive aids that clearly state
M-CPR indications and contraindications. In the ward setting,
many well-meaning providers are now aware of the availability
of M-CPR but remain untrained in its use. As a result, ED M-CPR
devices are now problematically requested by inpatient teams,
despite there being no clear indication for the use M-CPR. This
issue is being managed by a programme of continuing educa-
tion and dissemination of cognitive aids highlighting appropriate
indications for M-CPR. From a wider hospital perspective, the
recent adoption of advanced interventions such as ECMO-CPR
are likely to require a concerted effort to increase the standard
of ALS training. The approach to M-CPR training described
could be a strategy for training our local ALS teams to the neces-
sary standards required for providing high-quality CPR in this

context.'$ %4

Limitations and future directions

This study reports on the performance of a limited number of
providers working in a single institution, so caution must be
used in extrapolating the results. The study was only partially
blinded, and participants were aware they were being observed,
which could have led to bias. A further caveat of note is that we
have made no assessment of patient outcomes or cost benefits
of M-CPR.

Resuscitation requires coordination of many simultaneous
interventions in a challenging environment. This complexity
may not have been fully accounted for in the simulations
provided. In the future, additional research could investigate
the effectiveness of simulation training over a longer period or
examine the frequency required for refresher training. Resus-
citation educators may also benefit from a further under-
standing of the relationship between mandatory courses such as
advanced cardiac life support and postcourse follow-up training
programmes.”’

CONCLUSIONS

The results from this RCT of M-CPR training suggest that a
refresher simulation 4 months following skill acquisition results
in an improved time to initiate M-CPR. Furthermore, simulation
combined with structured feedback may also be a useful targeted
educational strategy for maintaining the performance of other
resuscitation skills.
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