Mechanical versus manual chest compressions for cardiac arrest: A
Cochrane Systematic Review (2015)

Objective

To assess the effectiveness of mechanical chest compressions versus
standard manual chest compressions with respect to neurologically intact
survival in patients who suffer cardiac arrest.

Methods - PICOST
Participants o

OHCA or IHCA
Excluded: arrests due to trauma, drowning, hypothermia or toxic
substances

Intervention o

Mechanical (powered, automatic) device compressions (mech-CPR)

Comparison o

Manual (human) compressions (man-CPR)

Outcomes o

Primary: Survival to hospital discharge with good neurological
function (CPC 1-2)

Secondary: Survival at different times, ROSC, adverse effects and time-
to-first shock, first CPR, & ROSC

Study Designs o

Randomized or quasi-randomized controlled trials

Time (or other) restrictions o

Interventions

Any time period or language

LUCAS: Piston-based device AutoPulse: Constricting band mechanism

Results
Study Details o
o]
o]
o]

11 studies with 12944 participants

3 RCTs account for 90% of participants (PARAMEDIC, LINC, CIRC)

4 studies IHCA (452 participants) - different device all studies

8 studies OHCA (12,492 participants) - four RCTs evaluated LUCAS,
four RCTs evaluated Autopulse

Initial rhythm was shockable 13-47% of time (only one study stratified
outcomes by presenting rhythm)

Outcomes See Figure 1-3 below for forest plots of selected outcomes.

Koster 2017: unique study because adverse outcomes were primary focus
(serious or life-threatening visceral injury) set up as a non-inferiority trial



o LUCAS did not cause more serious/life-threatening injuries than
manual (7.4% vs. 6.4%)
o AutoPulse potentially caused more injuries (11.6%)

Quality Assessment o Alltrials are at risk of bias due to inability to blind the intervention
o Cointervention an important potential bias.

o Nine studies did not report quality of CPR or chest compression

fraction (CCF). Poor CPR quality (if lower than normal
healthcare providers skill) would overstate the effect of mech-
CPR.

Studies after 2010 may be biased towards higher quality CPR
due to increased emphasis in training programmes from this
year onwards.

o Forthe three new, large RCTs in this updated SR:

Discussion
Differences to Prior Data o

o PARAMEDIC (Perkins 2015): 39% mech-CPR switched to

manual, <1% manual switched to mechanical. This would
understate mech-CPR if effective or represent real world
troubles with device use.

LINC (Wik 2014): changed CPR protocol for mech-CPR group
where they received a defibrillator shock without pulse or
rhythm check and had 3-minute CPR periods. This would
potentially understate the efficacy of mech-CPR if users were
not well trained on this changed procedure. However, it may
more accurately reflect the real-world effectiveness of
introducing new CPR devices/protocols to a team. Also, unclear
how much of benefit from mech-CPR was due to changed CPR
protocol.

CIRC (Rubertsson 2014): well designed and highly controlled
CPR quality checks and training during study period. They
reported a higher-than-average CPR quality. This may have
understated the benefit of mech-CPR.

Current RCT data suggests similar outcomes of mech-CPR versus man-
CPR, unlike prior observational studies where mechanical devices
outperformed.

Also, there is a physiologic basis that mech-CPR providing consistent
high-quality compressions should outperform man-CPR.

So why the difference? A few potential reasons:

In retrospective, observational studies we have no idea what
patient or clinical reasoning led physicians to choose to use a
mechanical device




o A2015 systematic review on observational studies for this topic
noted that 9/15 did not report the initial rhythm. An imbalance
between shockable and non-shockable rhythms between
interventions could alter results

CPRQuality o

Two of the large trials (CIRC, LINC) initiated training programs for their
response teams to ensure high quality CPR with high chest
compression fracture. This created a stronger control group
comparison but is this equivalent to the real world?

The third trial (PARAMEDIC) emphasized being a pragmatic (i.e., real
world) trial, and favoured manual compressions. However, the fragility
index was 0 (their results could have totally based on the statistical
test they used and could have been insignificant if analyzed
alternatively)

Initial Rhythm Differences o

Only PARAMEDIC reported a subgroup analysis between initial
rhythms. They found in VT/VF, manual compressions were favoured
and no difference in PEA/Asystole.

Is this a true physiologic difference versus a delay in initial
check/shock when mechanical devices are applied immediately?

Resuscitation Time Bias o

Conclusion

Concept: Cardiac arrest interventions will be biased towards harm/less
effectiveness

Why? The longer that a resuscitation goes on, more interventions will
be performed but also the longer that a resuscitation continues, the
more likely a person is going to have a bad outcome (death/severe
neuro-dysfunction)

Example: a VT/VF arrest shocked at the initial check and who then
improves, may not have had time for the mechanical device to be
applied. They would have been a part of the manual compression
group (benefit to the control group). Those that have time to apply a
mechanical device would already have been in an arrest for a period (=
worse outcomes potentially)

Was any benefit of mech-CPR confounded/loss due to a delay in
application?

The evidence does not suggest that CPR protocols involving mechanical
chest compression devices are superior to conventional therapy involving
manual chest compressions only. Systems choosing to incorporate
mechanical chest compression devices should be closely monitored
because some data identified in this review suggested harm.
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Review: Mechanical versus manual chest compressions for cardiac arrest
Comparison: 1 Mechanical chest compressions versus manual chest compressions
Qutcome: 1 Survival to hospital discharge with good neurological function

Study or subgroup Mechanical Manual Risk Ratio Risk Ratio
n/N n/N M-H,Random,95% CI M-H,Random,95% CI
Hallstrom 2006 12/394 28/373 — 0.4110.21,0.79])
Rubertsson 2014 108/1300 100/1289 -+ 1.0710.82,1.39])
Wik 2014 87/2099 112/2132 —+ 0.7910.60,1.04)
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Figure 1: Survival to hospital discharge with good neurological function

Review: Mechanical versus manual chest compressions for cardiac arrest .
Comparison: 1 Mechanical chest compressions versus manual chest compressions
Outcome: 3 Return of spontaneous circulation

Study or subgroup Mechanical Manual Risk Ratio Risk Ratio
n/N n/N M-H,Random,95% CI M-H,Random,95% CI
Dickinson 1998 177 0/10 413[0.19,88.71]
Gao 2016 31/69 15/64 — 192[1.15,321])
Halperin 1993 8/117 3nz7 s — 2.67[0.85,8.37]
Lu 2010 42/76 28/74 — 146[1.02,2.08])
Perkins 2015 522/1652 885/2819 + 1.0110.92,110])
Rubertsson 2014 460/1300 446/1289 + 1.0210.92,114)
Smekal 2011 30/74 23172 - 1.2710.82,1.96])
Wik 2014 600/2099 689/2132 + 0.8810.81,097])
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Figure 2: Return of spontaneous circulation

Review: Mechanical versus manual chest compressions for cardiac arrest
Comparison: 1 Mechanical chest compressions versus manual chest compressions
Outcome: 7 Internal abdominal organ injury

Study or subgroup Mechanical Manual Risk Ratio Risk Ratio
n/N niN M-H,Random,95% CI M-H,Random,95% CI
Koster 2017 3/211 0/126 e e S— 4.1910.22,80.52]
Lu 2010 1/76 2/74 D e e 0.49[0.05,5.26]
Rubertsson 2014 1/1300 0/1289 297[0.12,7295]
Taylor 1978 0/13 217 0.2610.01,494)
Wik 2014 1/2099 0/2132 3.0510.12,74.76)
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Figure 3: Internal abdominal organ injury



