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ABSTRACT

In the event of a cardiopulmonary arrest, performing high quality chest compression during resuscitation is
vital in improving patient outcome. Mechanical chest compression devices are widely used during cardiopul-
monary resuscitation (CPR) with the aim of improving quality of chest compressions delivered. Benefits
of using mechanical chest compression devices include delivering more consistent chest compressions as
well as being able to deliver chest compressions safely when in a moving ambulance. However, with the use
of mechanical CPR devices there is the risk of CPR pauses when having to adjust the device correctly on pa-
tients. There is also an increased risk of bone and soft tissue injuries to patients. During the COVID 19 pan-
demic, the American Heart Association (AHA) has introduced recommendations for the usage of mechanical
CPR devices in order to reduce the number of healthcare workers involvement and exposure during CPR pro-
cess. The AHA has also recommended that healthcare workers be properly trained to ensure chest compres-
sions delivered are accurate, continuous, and also safe for both healthcare workers and patients.
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ABSTRACT

In the event of a cardiopulmonary arrest, performing high quality chest compression during re-
suscitation is vital in improving patient outcome. Mechanical chest compression devices are wide-
ly used during cardiopulmonary resuscitation (CPR) with the aim of improving quality of chest
compressions delivered. Benefits of using mechanical chest compression devices include deliver-
ing more consistent chest compressions as well as being able to deliver chest compressions safe-
ly when in a moving ambulance. However, with the use of mechanical CPR devices there is the
risk of CPR pauses when having to adjust the device correctly on patients. There is also an in-
creased risk of bone and soft tissue injuries to patients. During the COVID 19 pandemic, the
American Heart Association (AHA) has introduced recommendations for the usage of mechanical
CPR devices in order to reduce the number of healthcare workers involvement and exposure dur-
ing CPR process. The AHA has also recommended that healthcare workers be properly trained to
ensure chest compressions delivered are accurate, continuous, and also safe for both healthcare
workers and patients.

Keywords: Advanced Cardiac Life Support, Cardiopulmonary Resuscitation, COVID-19,
Emergency Medicine, Mechanical chest compression.

INTRODUCTION life resuscitation is utilizing “mechanical chest

In the event of a cardiac arrest resuscitation, compression” where a device is used instead

performing high quality chest compression is of human effort with the aim of improving
. . 3

vital to improve patient outcome.! One of the quality of chest compressions.

main difficulties in executing good cardiopul-

monary resuscitation (CPR) is maintaining It is important to understand the mechanics of

high-quality chest compressions during an in- these devices in relation to the anatomy and

patient or out-of-hospital cardiac arrest.? One physiology of cardiopulmonary resuscitation.

intervention currently being practiced in real There are a few devices available with differ-

ent mechanisms which can be categorized into

load distributing band or piston device instru-
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chest compressions with the rate of 80 beats
per minute and 20% depth of chest height.*
Piston device instruments such as
“LUCAS” (Lund University Cardiac Arrest Sys-
tem) uses a backplate and piston device
which anteriorly encircles the patient’s chest
and delivers chest compressions of 102 beats
per minute with depth of around 5.3cm.” This
paper aims to understand the benefits and
challenges of using these devices during car-
diopulmonary resuscitation by reviewing the
appropriate guidelines and evidence-based
outcomes available.

BENEFITS OF MECHANICAL CPR

Despite frequent training, humans are always
challenged with exhaustion during on-going
CPR where after a point we cannot reliably
sustain the correct depth and appropriate
rate of compressions.® Therefore, the main
advantage of using mechanical devices is that
it can provide consistent, quality chest com-
pressions throughout the CPR course.® The
involvement of multiple healthcare personnel
in doing manual CPR cycles has also been
shown to cause an increase in interruptions to
the chest compressions at up to 57% within
the entire arrest time.” Hence another bene-
fit of utilizing mechanical CPR is that there
are fewer pauses between arrest cycles.”®

Another important factor needing to
be taken into consideration is the safety of
healthcare providers while performing CPR.®
Healthcare personnel performing CPR are un-
restrained in a moving ambulance which ex-
poses them to a higher risk of injuries so us-
ing a mechanical CPR device allows ambu-
lance crew to stay restrained and safe.® This
is in accordance to the 2015 Advance Cardiac
Life Support Guideline which states that me-
chanical devices are useful in the setting
where it is difficult or dangerous to perform
chest compression and this includes a moving

ambulance or flying helicopter.t%1!

LATIP MN. Brunei Int Med J. 2021;17:154

CHALLENGES OF MECHANICAL

CPR

Relying upon mechanical devices does have
its set-backs and this includes the problem of
having time “hands off chest” while the de-
vice is being mounted onto the patient. !?
Studies have shown it can take-up to an av-
erage of 39 seconds to do this, even when
being done by trained personnel.'? There are
also issues with CPR pauses which includes
time taken to remove the device off the pa-
tient and time taken when having to adjust
the devices correctly.'®> The median “no-flow
time” found during these interruptions when
delivering mechanical CPR can be up to 52
seconds.!?

There are also concerns regarding the
safety of patient’s physical anatomy against
the force exerted by mechanical compression.
14 A prospective multicentre trial study done
by Smekal et al., has shown that during au-
topsy, 91.4% of patients who underwent me-
chanical compressions suffered from at least
one organ injury.!* Other studies have also
reported mechanical CPR as causing an in-
creased risk of rib fractures, sternal fractures,
vertebral fractures as well as visceral injuries

such as pulmonary oedema. 41

EVIDENCE-BASED OUTCOMES

Multiple studies have shown conflicting evi-
dence regarding the outcome of using me-
chanical CPR devices. 718 In 2013, Westfall
et al., did a large meta-analysis which includ-
ed 3 randomized controlled trials with a total
of 6538 subjects, and results showed cardiac
arrest patients resuscitated with mechanical
CPR had higher rates of return of spontane-
ous circulation compared to patients who had
manual CPR performed.!” However, a
Cochrane review performed by Crooks et al.,
in 2013 which included 6 trials with 1166 pa-
tients concluded that there was no superiority
of using mechanical compression over manual



CPR in terms of patient outcome.!® The latter
study goes in accordance with the American
Heart Association guideline in 2015 which
emphasized that manual chest compressions
remain the standard of care while mechanical
devices can still be a reasonable alternative
to be used by trained personnel before the
COVID 19 pandemic.*®

COST EFFECTIVENESS

On an administrative level, an important fac-
tor to consider prior to introducing and stand-
ardising the use of mechanical CPR is to re-
view the cost-effectiveness of using expen-
sive mechanical devices in comparison to
cheaper manual CPR during resuscitation.®
A study carried out by Marti et al., in 2017
suggested that LUCAS devices represent
“poor money value” when compared with
manual CPR technique as patients with me-
chanical CPR suffered poorer health outcomes
and received higher health and social care

cost.1®

USAGE OF MECHANICAL CPR DE-
VICES DURING COVID-19 PAN-
DEMIC

The infectious disease safety of healthcare
providers during CPR are taken more serious-
ly during the COVID-19 pandemic.?® In 2020,
AHA produced an interim guidance in reduc-
ing risk of COVID-19 transmission during the
active CPR process.?’ The guidelines include
the use of proper personal protective equip-
ment during CPR and also recommended to
reduce the number of healthcare workers in-
volves in CPR.?° Mechanical chest compres-
sion devices were recommended to be used
during active CPR procedures as it can signifi-
cantly reduce the number of healthcare work-
ers involvement and exposure during CPR
process.?° Recent study in 2021 by Abishek et
al showed that mechanical CPR has the po-
tential to reduce number of healthcare work-

LATIP MN. Brunei Int Med J. 2021,17:155

ers involves in CPR while still have similar
clinical outcome with manual CPR during the
current on going COVID-19 pandemic.?*

CONCLUSION

Mechanical compression practices are an in-
novative creation that has been widely ac-
cepted as part of our day to day emergency
care support devices that can potentially
bring more benefit for years to come. During
the challenging COVID-19 pandemic times,
mechanical CPR provides extra benefits in
reducing the number of healthcare workers
involves in performing CPR. However, contin-
uous efforts to improve the usage of these
devices must always be a priority in order to
improve patient outcome, not only in terms of
return of spontaneous circulation but also for
better neurological recovery and minimising
physical harm. For emergency care providers,
it is important to understand the mechanics
of these devices as well as knowing their ben-
efits and challenges. Furthermore, healthcare
workers should have proper training to en-
sure chest compressions delivered are accu-
rate, continuous, and also safe for both
healthcare workers and patients.

CONFLICTS OF INTEREST

There was no financial support for this article
and there were no other potential conflicts of
interests by any party.

REFERENCES

1: Wik L, Kramer-Johansen J, Myklebust H, et al.
Quality of Cardiopulmonary Resuscitation Dur-
ing Out-of-Hospital Cardiac Arrest. JAMA.
2005;293:299-304. [Accessed on 2021 No-
vember 30].

2: Abella BS, Alvarado JP, Myklebust H, et al.
Quality of Cardiopulmonary Resuscitation Dur-
ing In-Hospital Cardiac  Arrest. JAMA.
2005;293:305-310. [Accessed on 2021 No-
vember 30].


https://jamanetwork.com/journals/jama/fullarticle/200192
https://jamanetwork.com/journals/jama/fullarticle/200192
https://jamanetwork.com/journals/jama/fullarticle/200195
https://jamanetwork.com/journals/jama/fullarticle/200195

10:

11:

12:

Ong MEH, Ornato JP, Edwards DP, et al. Use of
an Automated, Load-Distributing Band Chest
Compression Device for Out-of-Hospital Cardi-
ac Arrest Resuscitation. JAMA. 2006;295:2629
-2637. [Accessed on 2021 November 30].
Duchateau FX, Gueye P, Curac S, et al. Effect
of the AutoPulse automated band chest com-
pression device on hemodynamics in out-of-
hospital cardiac arrest resuscitation. Intensive
Care Med. 2010;36:1256-1260. [Accessed on
2021 November 30].

Smekal D, Johansson ], Huzevka T, Rubertsson
S. A pilot study of mechanical chest compres-
sions with the LUCAS™ device in cardiopulmo-
nary resuscitation. Resuscitation. 2011;82:702
-706. [Accessed on 2021 November 30].
Ochoa FJ, Ramalle-Gémara E, Lisa V, Saralegui
I. The effect of rescuer fatigue on the quality
of chest compressions.
1998;37:149-152,

Steen S, Liao Q, Pierre L, Paskevicius A,
Sjéberg T. The critical importance of minimal
delay between chest compressions and subse-
quent defibrillation: a haemodynamic explana-
tion. Resuscitation. 2003;58(3):249-258.
Becker LR, Zaloshnja E, Levick N, Li G, Miller
TR. Relative risk of injury and death in ambu-
lances and other emergency vehicles. Accid
Anal Prev. 2003;35:941-948.

Axelsson C, Karlsson T, Axelsson AB, Herlitz J.
Mechanical active compression-decompression
cardiopulmonary resuscitation (ACD-CPR) ver-
sus manual CPR according to pressure of end
tidal carbon dioxide (P(ET)CO2) during CPR in
out-of-hospital cardiac arrest (OHCA). Resusci-
tation. 2009;80:1099-1103.

William P, Rao P, Kanakadandi UB, Asencio A,
Kern KB. Mechanical Cardiopulmonary Resusci-
tation In and On the Way to the Cardiac Cathe-
terization Laboratory. Circ J. 2016;80:1292-
1299. [Accessed on 2021 November 30].
Venturini JM, Retzer E, Estrada JR, et al. Me-
chanical chest compressions improve rate of

Resuscitation.

return of spontaneous circulation and allow for
initiation of percutaneous circulatory support
during cardiac arrest in the cardiac catheteri-
zation laboratory. Resuscitation. 2017;115:56-
60.

Estock JL, Curinga HK, Li A, Grieve LB, Brack-
ney CR. Comparison of chest compression in-
terruption times across 2 automated devices: a
randomized, crossover simulation study. Am J
Emerg Med. 2016;34:57-62.

13:

14:

15:

16:

17:

18:

19:

20:

21:

LATIP MN. Brunei Int Med J. 2021;17:156

Ong ME, Annathurai A, Shahidah A, et al. Car-
diopulmonary resuscitation interruptions with
use of a load-distributing band device during
emergency department cardiac arrest. Ann
Emerg Med. 2010;56:233-241. [Accessed on
2021 November 30].

Smekal D, Lindgren E, Sandler H, Johansson J,
Rubertsson S. CPR-related injuries after manu-
al or mechanical chest compressions with the
LUCAS™ device: a multicentre study of victims
after unsuccessful resuscitation. Resuscitation.
2014;85:1708-1712.

Pinto DC, Haden-Pinneri K, Love JC. Manual
and automated cardiopulmonary resuscitation
(CPR): a comparison of associated injury pat-
terns. ] Forensic Sci. 2013;58:904-909.

Marti J, Hulme C, Ferreira Z, et al. The cost-
effectiveness of a mechanical compression
device in out-of-hospital cardiac arrest. Resus-
citation. 2017;117:1-7. [Accessed on 2021
November 30].

Westfall M, Krantz S, Mullin C, Kaufman C.
Mechanical versus manual chest compressions
in out-of-hospital cardiac arrest: a meta-
analysis. Crit Care Med. 2013;41:1782-1789.
Wang PL, Brooks SC. Mechanical versus manu-
al chest compressions for cardiac arrest.
Cochrane Database Syst Rev.
2018;8:CD007260. [Accessed on 2021 Novem-
ber 30].

Link, Mark S et al. “Part 7: Adult Advanced
2015 American
Heart Association Guidelines Update for Cardi-

Cardiovascular Life Support:

opulmonary Resuscitation and Emergency Car-
diovascular Care.” Circulation 2015;132 Suppl
2: S444-64. [Accessed on 2021 November 30].
Goodloe, Jeffrey M et al. “Interim Guidance for
Emergency Medical Services Management of
Out-of-Hospital Cardiac Arrest During the
COVID-19 Pandemic.”_Circulation. Cardiovas-
cular quality and outcomes 2021;14: e007666.
[Accessed on 2021 November 30].

Bhardwaj A, Alwakeel M, Wang X, Duggal A,
Gaieski DF, Fadel FA. Effectiveness of mechan-
ical cardiopulmonary resuscitation for patients
with COVID-19 and
rest. Resuscitation.

in hospital cardiac ar-
2021;162:268-270.

[Accessed on 2021 November 30].



https://jamanetwork.com/journals/jama/fullarticle/203000
https://jamanetwork.com/journals/jama/fullarticle/203000
https://jamanetwork.com/journals/jama/fullarticle/203000
https://jamanetwork.com/journals/jama/fullarticle/203000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929359/
https://www.academia.edu/13402043/A_pilot_study_of_mechanical_chest_compressions_with_the_LUCAS_device_in_cardiopulmonary_resuscitation
https://www.academia.edu/13402043/A_pilot_study_of_mechanical_chest_compressions_with_the_LUCAS_device_in_cardiopulmonary_resuscitation
https://www.academia.edu/13402043/A_pilot_study_of_mechanical_chest_compressions_with_the_LUCAS_device_in_cardiopulmonary_resuscitation
https://www.jstage.jst.go.jp/article/circj/80/6/80_CJ-16-0330/_pdf/-char/en
https://www.jstage.jst.go.jp/article/circj/80/6/80_CJ-16-0330/_pdf/-char/en
https://www.jstage.jst.go.jp/article/circj/80/6/80_CJ-16-0330/_pdf/-char/en
https://www.academia.edu/13371687/Cardiopulmonary_Resuscitation_Interruptions_With_Use_of_a_Load-Distributing_Band_Device_During_Emergency_Department_Cardiac_Arrest
https://www.academia.edu/13371687/Cardiopulmonary_Resuscitation_Interruptions_With_Use_of_a_Load-Distributing_Band_Device_During_Emergency_Department_Cardiac_Arrest
https://www.academia.edu/13371687/Cardiopulmonary_Resuscitation_Interruptions_With_Use_of_a_Load-Distributing_Band_Device_During_Emergency_Department_Cardiac_Arrest
https://www.academia.edu/13371687/Cardiopulmonary_Resuscitation_Interruptions_With_Use_of_a_Load-Distributing_Band_Device_During_Emergency_Department_Cardiac_Arrest
https://eprints.whiterose.ac.uk/115869/3/Paramedic_HE_paper.pdf
https://eprints.whiterose.ac.uk/115869/3/Paramedic_HE_paper.pdf
https://eprints.whiterose.ac.uk/115869/3/Paramedic_HE_paper.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6953326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6953326/
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000000261
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000000261
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000000261
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000000261
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000000261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8288195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8288195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8288195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8288195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008829/

