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INTRODUCTION Early use of mechanical cardiopulmonary resuscitation (CPR) for out-of-hospital cardiac arrest
(OHCA) may improve survival outcomes. Current evidence for such devices uses outcomes from an intention-to-treat
(ITT) perspective. We aimed to determine whether early use of mechanical CPR using a LUCAS 2 device results in better
outcomes.

METHODS A prospective, randomised, multicentre study was conducted over one year with LUCAS 2 devices in 14
ambulances and manual CPR in 32 ambulances to manage OHCA. The primary outcome was return of spontaneous
circulation (ROSC). Secondary outcomes were survival at 24 hours, discharge from hospital and 30 days.

RESULTS Of the 1,274 patients recruited, 1,191 were eligible for analysis. 889 had manual CPR and 302 had LUCAS
CPR. From an ITT perspective, outcomes for manual and LUCAS CPR were: ROSC 29.2% and 31.1% (odds ratio [OR]
1.09, 95% confidence interval [CI] 0.82-1.45; p = 0.537); 24-hour survival 11.2% and 13.2% (OR 1.20, 95% C1 0.81-1.78;
p = 0.352); survival to discharge 3.6% and 4.3% (OR 1.20, 95% Cl 0.62-2.33; p = 0.579); and 30-day survival 3.0% and
4.0% (OR 1.32,95% Cl 0.66-2.64; p = 0.430), respectively. By as-treated analysis, outcomes for manual, early LUCAS and
late LUCAS CPR were: ROSC 28.0%, 36.9% and 24.5%; 24-hour survival 10.6%, 15.5% and 8.2%; survival to discharge
2.9%, 5.8% and 2.0%; and 30-day survival 2.4%, 5.8% and 0.0%, respectively. Adjusted OR for survival with early LUCAS
vs. manual CPR was 1.47 after adjustment for other variables (p = 0.026).

CONCLUSION This study showed a survival benefit with LUCAS CPR as compared to manual CPR only, when the device

was applied early on-site.
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INTRODUCTION
The current consensus on the science of resuscitation accepts
that return of spontaneous circulation (ROSC) in a cardiac arrest
patient would most likely be achieved with a combination of early,
consistent administration of high-quality chest compressions of
about 5.0 cm in adults and at a rate of 100-120 per minute, with
full chest recoil after each compression. Providing all these early
in the cardiac arrest management cycle is a major challenge in
most communities. In highly urbanised communities, such as
Singapore, where more than 80% of the residents live and work
in high-rise buildings, it is even more challenging to provide
such high-quality resuscitation in addition to the handicap of
longer access time for emergency medical services and longer
evacuation times. Furthermore, many of such communities have
relatively low bystander cardiopulmonary resuscitation (CPR)
rates® of around 20%-25%, and would thus require more urgently
the early use of effective CPR to enhance out-of-hospital cardiac
arrest (OHCA) survival.

There is increasing realisation that the quality of manual
CPR may not be adequate after the first few minutes of initiation,

especially with the realities of inconsistent rate, early onset
of rescuer fatigue,®’ and the near-impossibility of providing
uninterrupted compressions while a casualty is being moved from
the location of arrest to the hospital — carried down staircases
and elevators, loaded onto waiting ambulances and then driven
rapidly through roads and junctions. Over the last few decades,
the development of the mechanical chest compression device
has been seen as a potential solution for better outcomes.
These devices have demonstrated improved cardiovascular
haemodynamics, in terms of usage and survival, especially in
laboratory environments. In laboratory-based trials, mechanical
and manual CPR would usually have been initiated after a cardiac
arrest time of 1-10 minutes, and the outcomes assessed shortly
thereafter.

Early pilot studies®® comparing high-quality standard manual
CPR with a load-distributing band (LDB) mechanical CPR
device (also called the AutoPulse) demonstrated that the latter
significantly improved haemodynamics as well as coronary and
cerebral blood flow, with the potential for improved neurologically
intact survival. In patients with OHCA, the LDB-CPR device has
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also been demonstrated to increase systolic and diastolic blood
pressures compared to manual chest compressions."”

However, clinical trials in this area have shown mixed results.
A four-year, before-after study conducted from 2001 to 2005
showed that cardiac arrest patients managed with LDB-CPR
(n = 284) compared to those managed with standard manual
CPR (n = 499) had a higher survival to hospital discharge rate
(9.7% vs. 2.9%; adjusted odds ratio [OR] 2.27; 95% confidence
interval [CI] 1.11-4.77). The study also noted better mechanical
CPR performance if ambulance response time was less than eight
minutes.® Another study of 1,011 patients with OHCA, of whom
552 received LDB-CPR after evacuation to hospital and 459
continued to receive manual CPR, showed a higher rate of survival
to hospital discharge in the LDB-CPR group (3.3% vs. 1.3%;
adjusted OR 1.42; 95% Cl 0.47-4.29). The LDB group also had
more survivors with better cerebral performance category scores.®

The other commonly used mechanical CPR device is the
LUCAS (Lund University Cardiopulmonary Assist System; Jolife
AB, Lund, Sweden), which has been tested in laboratory-based
animal and human experiments.%'? These studies demonstrated
higher cardiac output, carotid artery blood flow, end-tidal carbon
dioxide, aortic and coronary perfusion pressures, and ROSC rates
with mechanical rather than manual CPR, although both were
initiated at about the same time. The LUCAS device has also been
used effectively during performance of advanced resuscitation
techniques.17

A 2006 study that compared the use of the LUCAS device
and standard manual CPR in 328 OHCA patients showed that
an equal proportion of patients achieved ROSC (51%) and were
discharged alive from hospital (8% vs. 10%); however, there was a
mean delay of eight minutes in the application of the mechanical
device as opposed to the start of manual CPR." In a 2009 trial
involving 126 OHCA patients, Axelsson et al showed that the
LUCAS device generated higher initial, minimum and average
values of partial pressure of end-tidal carbon dioxide compared
with manual CPR."?

Two large trials'"*2® on mechanical CPR were carried out in
the last decade. The first is the CIRC trial,"® which showed that
the use of the AutoPulse was at least equivalent to very good
quality manual CPR, although it did not report time delays in
application of the AutoPulse on the patients. The other large
study, with 2,589 patients, was the LINC trial,*® which found no
significant difference in four-hour survival between LUCAS and
manual CPR. In the latter study, there was an average four-minute
delay in application of the mechanical device. The delayed
initiation of the LUCAS device raises the issues of questionable
quality of CPR from first contact to start of mechanical CPR and
the potential of using this intervention on a higher-risk group with
a lower chance of survival.

While it is generally believed that survival in cardiac arrest
is highly dependent on early application of good-quality CPR, it
would be reasonable to expect that, even with mechanical CPR,
early application and use of the device would be more likely to
show benefit than late application. Mechanical chest compression
devices were developed to assist rescuers in giving consistent
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high-quality compressions. It is therefore important to determine
whether there would be any differences in outcome if mechanical
devices were applied at approximately the same time as manual
CPR for patients sustaining OHCA.

The currentrandomised MECCA (Mechanical Cardiopulmonary
Resuscitation Versus Standard Manual CPR in Out-of-Hospital
Cardiac Arrest by Emergency Ambulance Crew) study compares
the outcomes of mechanical CPR (i.e. LUCAS 2) and standard
manual CPR when used by emergency ambulance crew in the out-
of-hospital environment, especially when the timing of initiation
of either CPR method was similar.

METHODS

Study description

MECCA was a randomised controlled trial on out-of-hospital use
of mechanical versus manual CPR for the management of adult
OHCA. Waiver of informed consent for the study was approved
by the institutional review boards (IRBs) of the two sponsoring
institutions, National Healthcare Group (NHG) research cluster
and Singapore Health Services (SingHealth) research cluster. The
following were the six hospitals where the cardiac arrest casualties
were evacuated to: NHG — Tan Tock Seng Hospital, Khoo Teck
Puat Hospital, National University Hospital and Jurong General
Hospital; and SingHealth — Singapore General Hospital and
Changi General Hospital. The patients were initially attended
to by the ambulance crew of Singapore’s public Emergency
Ambulance Service.

Crew training and proficiency

The ambulance crew underwent four hours of intensive
training on the use of the LUCAS 2 device (Physio-Control,
Redmond, Washington, USA). Prior to that, they also received
revision on the performance of standard manual 30:2 CPR, as
prescribed by the 2010 guidelines of the International Liaison
Committee on Resuscitation (ILCOR) and the 2011 guidelines
of the National Resuscitation Council, Singapore, a member of
the Resuscitation Council of Asia, which is part of ILCOR. The
ambulance crew were required to demonstrate proficiency in the
skills of manual and LUCAS 2 CPR in a classroom environment,
as well as continued proficiency at three-monthly intervals
through supervised performance in classroom environments and
production of rhythm strips.

Randomisation of ambulances and allocation of calls

Randomisation of the 46 ambulances in the Emergency
Ambulance Service was done prior to the start of the trial: 14
ambulances were allocated to the LUCAS 2 arm and the remaining
32 to the manual CPR arm. Randomisation was carried out in
this manner, as only 14 LUCAS 2 devices were available for
the trial. At the start of the trial, only 12 of the 14 ambulances
were fitted with the LUCAS 2 device; the remaining two devices
arrived two months later and were then placed in the other two
pre-allocated ambulances. Assignment of calls to the ambulances
was made by call centre staff, who were blinded to the LUCAS 2
allocations. However, the care providers and hospital staff who
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received the casualties could not be blinded to the treatment
arms, for obvious reasons.

Data and safety monitoring

An independent data and safety monitoring board monitored the
trial at three and six months after the study onset to determine
whether the pre-defined trial termination criteria were met.

Inclusion and exclusion criteria

From 23 May 2011 to 22 May 2012, all patients aged > 21 years
with an OHCA of presumed cardiac origin and who were attended
to by the ambulance crew of the Emergency Ambulance Service
were included in the study. Patients were excluded if they were
< 21 years old, prisoners, presumed to be pregnant or cases of
trauma arrest.

Procedures undertaken during the trial

The emergency ambulance crew used manual 30:2 CPR soon
after arriving at the patient’s side. For patients managed by
LUCAS-allocated ambulances, the LUCAS 2 device was applied
soon after manual CPR had begun. The device was set to
provide 100 compressions per minute continuously. At every
tenth compression, the ambulance crew would deliver one
ventilation with a bag-valve-mask device. Chest compressions
by the LUCAS 2 device were not interrupted during ventilation
or delivery of defibrillator shocks. For patients managed
by manual CPR-randomised ambulances, 30:2 CPR would
continue till the casualties were handed over to the staff of the
receiving hospital emergency department (ED). The timings of
initiation of manual and mechanical CPR were documented.
Defibrillation, airway management, ventilation through a
laryngeal mask airway and intravenous epinephrine were also
provided as required. The casualty was initially evacuated to the
ambulance and subsequently sent to the nearest public general
hospital. The staff of the ED managed the patient according to
the respective departmental protocols.

Data collection

Data was collected from ambulance and hospital patient care
records, and entered first into an anonymised case record form
and then an electronic database. The data was maintained by a
research coordinator and a trial statistician.

Outcome measures

The primary outcome measure was ROSC. Secondary outcome
measures were survival at 24 hours, hospital discharge and
30 days. The IRBs of the participating hospitals approved the trial
and provided complete waiver of informed consent. Community
consultation was conducted through public fora, briefings to the
print and broadcast media, and a period for public feedback
before final IRB approval was granted.

Statistical analysis
Based on the need to detect a 20% improvement in ROSC
between mechanical and manual CPR (38% vs. 18%) with a

two-sided test size of 5% and a power of 90%, the trial required
114 subjects in each arm. Because of the availability of only
14 sets of LUCAS devices and a total of 46 emergency ambulances
on the road in Singapore, a minimum of 375 patients needed to
be recruited. However, owing to the unpredictability of cases of
cardiac arrest being attended to by individual ambulances and
the estimated annual incidence of about 1,400 OHCA patients
attended to by the Emergency Ambulance Service, it was decided
that the project should continue for a whole calendar year.

To compare pre-intervention characteristics between
manual and mechanical CPR, we used Mann-Whitney U test
for continuous variables and chi-square or Fisher’s exact tests for
categorical variables. For intention-to-treat (ITT) and as-treated
analyses, the survival OR and Cl of mechanical CPR for primary
and secondary outcomes were calculated and tested in each
presenting rhythm group. By further dividing the mechanical CPR
group into early (LUCAS CPR started on-site) and late (LUCAS CPR
started in ambulance) groups, the survival rates of each outcome
were compared using chi-square tests.

RESULTS

A total of 1,274 patients were initially entered into the study. Of
these, 1,191 fulfilled the eligibility criteria — 889 in the manual
arm and 302 in the LUCAS arm. Of the 83 subjects who were
excluded, 32 were under 21 years of age, 50 had trauma arrest
and one patient’s record was missing. The CONSORT diagram
for the study is shown in Fig. 1.

Patient characteristics

The two treatment groups studied were similar for most
characteristics, except that there were slightly more male patients
and more witnessed cardiac arrests in the mechanical CPR
group, and slightly more pulseless electrical activity patients
in the manual CPR group (Table I). All the pulseless ventricular
tachycardia (VT) patients (n = 13) were in the manual CPR
group. There were no pulseless VT patients in the LUCAS arm.
For all the patients in the LUCAS arm, manual CPR was initially
performed with the mechanical device subsequently inserted.
However, in 47 patients allocated to the LUCAS arm, the device
was not applied for the following reasons: the patient was too
small (n = 16, 5.3%); the patient was too large (n = 7, 2.3%); or
the device was under servicing (n = 24, 7.9%).

Patient outcomes (by ITT analysis)

From an ITT perspective, there were similar ROSC rates
between the LUCAS and manual CPR arms (31.1% vs. 29.2%;
OR 1.09, 95% Cl 0.82-1.45; p = 0.537; Table II). Similarly, all
secondary outcome indicators were not significantly higher in the
mechanical CPR arm. Among patients with ventricular fibrillation
(VF), there was no significant difference in patient outcomes
with the use of mechanical or manual CPR (Table II). However,
patients with pulseless VT (all in the manual CPR group) had the
highest recorded primary and secondary outcome survival rates
for all outcome indicators. For patients with an initial rhythm of
asystole or pulseless electrical activity, there was no consistent
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Patients with OHCA initially enrolled
(n=1,274)

Excluded from study (n = 83)
« <21yr(n=32)

» Trauma arrest (n = 50)

| * No record (n = 1)

| For intent-to-treat analysis

| Patients eligible for analysis (n = 1,191) |

Manual CPR Mechanical CPR
(n=889) (n =302)
» Completing study (n = 889) » Completing study (n = 302)
» Uncontactable for follow-up (n = 0) + Uncontactable for follow-up (n = 0)
« Intention-to-treat analysis (n = 889) * Intention-to-treat analysis (n = 302)

| For as-treated analysis |

* Pulseless VT (n = 13) * Pulseless VT (n = 0)
» Without pulseless VT (n = 876)  Without pulseless VT (n = 302)
* LUCAS-randomised patients given manual + Patients given manual CPR (LUCAS too
CPR (n = 47) big/small for patient or not serviceable) (n = 47)
« Total no. without pulseless VT given manual « Total no. given mechanical CPR for as-treated
CPR (n =923) analysis (n = 255)
* LUCAS applied in ambulance (n = 49) * LUCAS applied in ambulance (n = 49)
[
[ ]
Manual CPR patients without LUCAS applied in LUCAS applied on-site
pulseless VT for as-treated analysis ambulance i.e. late i.e. early application
(n=923) application (n = 49) (n =206)

Fig. 1 CONSORT diagram for the MECCA study. CPR: cardiopulmonary resuscitation; OHCA: out-of-hospital cardiac arrest; VT: ventricular tachycardia

Table I. Pre-intervention characteristics of patients in the MECCA study.

Patient characteristic Intention-to-treat analysis As-treated analysis*
Manual CPR Mechanical p-value Manual CPR Mechanical p-value
(n = 889) CPR (n = 302) (n =923) CPR (n = 255)
Male gender 571 (64.2) 221 (73.2) 0.005 591 (64.0) 191 (74.9) 0.001
Age* (yr) 66.9 + 15.7 65.9 + 15.2 0.323 67.1+15.9 65.6 + 14.4 0.128
No past medical history 76 (8.5) 25 (8.3) 0.979 80 (8.7) 21 (8.2) 0.927
Witnessed cardiac arrest 470 (52.9) 185 (61.3) 0.012 484 (52.4) 159 (62.4) 0.005
Bystander CPR 284 (31.9) 96 (31.8) 1.000 290 (31.4) 81 (31.8) 0.977
Presenting rhythm
Ventricular fibrillation 151 (17.0) 68 (22.5) 0.04 161 (17.4) 58 (22.7) 0.066
Ventricular tachycardia 3 (1.5) 0 (0) - - - -
Asystole 467 (52.5) 178 (58.9) 0.062 497 (53.8) 148 (58.0) 0.263
Pulseless electrical activity 258 (29.0) 56 (18.5) < 0.001 265 (28.7) 49 (19.2) 0.003
Duration from collapse to start of 18.8 +18.1 17.5+13.9 0.420 18.7 +17.8 17.8 +14.6 0.306
CPR* (min)
Hypertension 314 (35.3) 114 (37.7) 0.49 323 (35.0) 102 (40.0) 0.162
Hyperlipidaemia 5 (3.9) 13 (4.3) 0.911 6 (3.9) 12 (4.7) 0.691
Diabetes mellitus 223 (25.1) 65 (21.5) 0.242 226 (24.5) 61 (23.9) 0.918
Previous known ischaemic heart 262 (29.5) 89 (29.5) 1.000 263 (28.5) 83 (32.5) 0.238
disease

Data presented as no. (%), unless otherwise stated. *Data presented as mean + standard deviation. tExcluding those with ventricular tachycardia. CPR: cardiopulmonary
resuscitation

427



IOriginaI Article

Table Il. Primary and secondary outcomes after manual and mechanical CPR (intention-to-treat analysis).

Outcome Ventricular fibrillation Ventricular tachycardia Asystole Pulseless electrical activity All patients
Manual LUCAS p-value Manual LUCAS p-value Manual LUCAS p-value Manual LUCAS p-value Manual LUCAS p-value
CPR CPR OR CPR CPR OR CPR CPR OR CPR CPR OR CPR CPR OR
(n=151) (n=68) (95% CI) (n=13) (n=0) (95% CI) (n=467) (n=178) (95%Cl) (n=258) (n=56) (95%CI) (n=889) (n=302) (95% ClI)
ROSC 59 (39.1) 24 (35.3) 0.595 8 (61.5) 0 = 103 (22.1) 44 (24.7) 0.471 90 (34.9) 26 (46.4) 0.105 260 (29.2) 94 (31.1) 0.537
0.85 1.16 1.62 1.09
(0.47, 1.54) (0.77, 1.74) (0.9, 2.9) (0.82, 1.45)
24-hr 33(21.9) 13(19.1) 0.646 6 (46.2) 0 = 27 (5.8) 19 (10.7) 0.031 34 (13.2) 8(14.3) 0.826 100 (11.2) 40 (13.2) 0.352
survival 0.85 1.95 1.10 1.20
(0.41, 1.73) (1.05, 3.6) (0.48, 2.52) (0.81, 1.78)
Survival to 21 (13.9) 8 (11.8) 0.666 5 (38.5) 0 = 1(0.2) 2(1.1) 0.129 5(1.9) 3(5.4) 0.142 32 (3.6) 13(4.3) 0.579
discharge 0.83 5.30 2.86 1.20
(0.35, 1.97) (0.48, 58.77) (0.66, 12.35) (0.62, 2.33)
30-day 20 (13.2) 8 (11.8) 0.762 5 (38.5) 0 = 0 (0) 2 (1.1) 0.022 2(0.8) 2(3.6) 0.091 27 (3.0) 12 (4.0) 0.430
survival 0.87 = 4.74 1.32
(0.36, 2.09) = (0.65, 34.4) (0.66, 2.64)
Data presented as no. (%), unless otherwise stated. Cl: confidence interval; CPR: cardiopulmonary resuscitation; OR: odds ratio; ROSC: return of spontaneous circulation
Table Ill. Primary and secondary outcomes after manual and mechanical CPR in patients without pulseless ventricular tachycardia (as-treated analysis).
Outcomes Ventricular fibrillation Asystole Pulseless electrical activity All patients
Manual LUCAS p-value Manual LUCAS p-value Manual LUCAS p-value Manual LUCAS p-value
CPR CPR OR CPR CPR OR CPR CPR OR CPR CPR OR
(n=161) (n =58) (95% ClI) (n = 497) (n = 148) (95% CI) (n = 265) (n = 49) (95% CI) (n =923) (n = 255) (95% ClI)
ROSC 61 (37.9) 22 (37.9) 0.995 107 (21.5) 40 (27.0) 0.162 90 (34.0) 26 (53.1) 0.011 258 (28.0) 88 (34.5) 0.042
1.00 1.35 2.20 1.36
(0.54, 1.86) (0.89, 2.06) (1.19, 4.07) (1.01, 1.83)
24-hr 34 (21.1) 12 (20.7) 0.945 30 (6.0) 16 (10.8) 0.048 34 (12.8) 8 (16.3) 0.51 98 (10.6) 36 (14.1) 0.119
survival 0.97 1.89 1.33 1.38
(0.47, 2.04) (1, 3.57) (0.57, 3.07) (0.92, 2.09)
Survival to 21 (13.0) 8 (13.8) 0.885 1(0.2) 2 (1.4) 0.071 5(1.9) 3(6.1) 0.084 27 (2.9) 13 (5.1) 0.090
discharge 1.07 6.79 3.39 1.78
(0.44, 2.56) (0.61, 75.46) (0.78, 14.68) (0.91, 3.51)
30-day 20 (12.4) 8 (13.8) 0.789 0 (0) 2 (1.4) 0.009 2 (0.8) 2 (4.1) 0.057 22 (2.4) 12 (4.7) 0.050
survival 1.13 Inf 5.60 2.02
(0.47, 2.72) (NaN, Inf) (0.77, 40.71) (0.99, 4.14)

Data presented as no. (%), unless otherwise stated. Cl: confidence interval; CPR: cardiopulmonary resuscitation; Inf: infinity; NaN: not a number; OR: odds ratio; ROSC: return of spontaneous circulation
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Manual CPR (n = 923)
[] Early LUCAS (n = 206)
[l Late LUCAS (n = 49)

p =0.598
40 H
p=0.011 p=0.101
30+
9
T 2 P05,
- P =0.046 p 0.1
104 p=0.718
--------- '
p=0.039 p=0.28 p=0.009
0 . . 1 .
ROSC Alive at 24 hr Alive at discharge  Alive at 30 days

Fig. 2 Graph shows as-treated outcomes of manual cardiopulmonary resuscitation (CPR) (excluding ventricular tachycardia patients), and early- and
late-LUCAS applications. The p-values in bold are significant. ROSC: return of spontaneous circulation

statistical advantage with mechanical CPR, even though survival
numbers were greater with the LUCAS 2.

Patient outcomes (by as-treated analysis)

The following groups of patients were identified as having not
complied with treatment assignment: (a) patients in whom the
mechanical device could not be fitted (n = 47) due to size issues or
because the device was not serviceable, and were thus provided
with only manual CPR; (b) patients who received delayed LUCAS
CPR, i.e. initiated in the ambulance rather than on-site (n = 49
in the mechanical CPR group).

In addition, patients with pulseless VT were wholly in the
manual group, resulting in a potential survival advantage for
this group over those in the mechanical arm; thus, these patients
(n = 13) were excluded from the as-treated analysis. As a result,
923 patients were provided only manual CPR and 255 were
treated with LUCAS CPR (Table I, Fig. 1). The improvements in
ROSC and 30-day survival for those treated with mechanical
CPR were evident (Table Ill). Using multiple logistic regression
modelling (considering witnessed arrests, bystander CPR,
presenting rhythm and duration of cardiac arrest), the adjusted
OR for survival with LUCAS CPR was 1.32 (p = 0.081) compared
with manual CPR.

Of the 255 patients who received LUCAS CPR, 206 (80.8%)
had the device applied early and promptly at the site of collapse,
while 49 (19.2%) patients had it applied only upon reaching the
ambulance. In the former group, 107 (42.0%) patients had the
LUCAS 2 device applied within one minute of initiating manual
CPR and 99 (38.8%) within the next four minutes. For those
whose device was applied in the ambulance, 15 (5.9%) received
it within ten minutes and 34 (13.3%) more than ten minutes after
manual CPR was started. The primary and secondary outcomes
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of these groups are presented in Fig. 2. Outcome rates in the
manual, early-LUCAS and late-LUCAS groups were — ROSC:
28.0%, 36.9% and 24.5%; 24-hour survival: 10.6%, 15.5% and
8.2%; survival to discharge: 2.9%, 5.8% and 2.0%; and 30-day
survival: 2.4%, 5.8% and 0.0%, respectively.

These results indicate that, compared to the use of manual
CPR only, the survival effect of the LUCAS CPR device was
significantly greater when applied early, on-site, before the patient
is moved into the ambulance, and within five minutes of starting
resuscitation. Using multiple logistic regression modelling and
adjusting for witnessed arrests, bystander CPR, presenting rhythm
and duration of cardiac arrest, the adjusted OR for early LUCAS
vs. manual CPR was 1.47 (p = 0.026).

DISCUSSION

The MECCA study showed no statistically significant advantage
for the LUCAS 2 mechanical CPR device over standard manual
CPR. Our findings are similar to those of large studies conducted
over the last few years that examined the outcomes of OHCA
from an ITT perspective when mechanical CPR devices were
compared to manual CPR. The ITT analysis, assuming optimal
operational implementation of the device, may ignore existing
operational limitations that may influence statistical outcomes and
may not demonstrate the true value of the device if used early.
For time-critical conditions such as cardiac arrest, if caregivers
strictly adhere to device protocols (such as applying the device
on-site and as early as possible), the potential benefits, if any,
may become apparent.

This is especially relevant for the provision of the best level of
CPR in the community. For OHCA, there is a need for a consistent
level of good-quality, early CPR with minimal interruptions
until achievement of ROSC. Manual CPR in out-of-hospital
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and in-hospital environments is beset with many quality issues
and frequent interruptions. Rescuer fatigue within the first few
minutes affects the quality of manual compressions, resulting in
suboptimal coronary perfusion pressures with greater likelihood
of poorer outcomes. Mechanical CPR devices were introduced
to specifically address the various interruptions in provision
of good-quality manual CPR. Operational challenges, such as
ambulance crew not carrying it to the site because of the heavy
weight of the device, mechanical faults, noncompliance to
protocols by the crew and delays in the use of the device, may
affect outcomes. It would appear intuitive that mechanical CPR
devices, if efficiently implemented for OHCA, can potentially
result in better clinical outcomes, especially if applied early. This
can significantly improve outcomes®" and would be in line with
the chain of survival for cardiac arrest, which emphasises ‘early’
institution of the various links.

In addition to the ITT analysis, we conducted an as-treated
analysis, which gave an estimate of likely outcomes if our
OHCA care processes were more efficient. We also documented
adherence data for mechanical CPR, such as time to application
and place of application of device. The LINC trial reported a
24% rate of non-adherence to protocol.?? It is through such
documentation that one begins to better appreciate the potential
true treatment effects of mechanical CPR devices. Since the as-
treated analysis suggests better survival outcomes with early use
of the LUCAS 2 device than with standard manual CPR, future
studies in this area of care would need to focus on the efficient
use of the device, rather than on its uncontrolled, late or unguided
application, to better determine the potential value of mechanical
CPR in the management of OHCA.

In this study, we applied the LUCAS 2 device in the
continuous CPR mode with interposed ventilations at every
tenth piston compression rather than in the 30:2 mode. This
helped achieve continuous chest compressions and ventilations
that were closer to the regular physiological mode than the very
artificial 30:2 mode originally meant for lay one-person CPR.
The mechanical device takes the place of one person, freeing the
ambulance staff of a pair of hands to perform other tasks such as
interposed ventilations, defibrillation and administration of drugs
to enhance the performance of circulation, without interrupting
circulation and coronary perfusion.

This study was not originally powered to conduct analyses
of the early use of the LUCAS 2 device vs. late use or manual
CPR. The trial had originally presumed complete compliance in
instituting early use of the mechanical CPR device on-site in all
instances. The resulting noncompliance allowed comparison of
true early use of mechanical CPR with manual CPR and late use.

Many factors may influence the decision by the ambulance
crew to initiate the use of a mechanical device in their vehicle
rather than in full view of the public. These include the additional
weight of the mechanical device to be carried by the crew, having
to put up with members of the public questioning the use of
what may seem a frightening piston device pumping away at the
chest, and unclear messages by the emergency caller, resulting
in the call centre not recognising a cardiac arrest call in the first

instance. While these issues may need to be addressed, due
consideration should be given to enable the ambulance team to
carry the mechanical CPR device to the patient in every instance,
so as to minimise delay in application. Future efforts to reduce the
size and weight of mechanical CPR devices may allow for greater
portability and earlier application. Furthermore, current designs of
mechanical CPR devices may not fit every cardiac arrest patient.
The 7.6% of patients in the current study who could not fit into
the LUCAS 2 device was higher than the 5.0% reported in the
LINC trial,*® possibly owing to the generally smaller size of Asian
patients compared to those who participated in the LINC trial.

In addition, one should consider whether future studies
need to separate the analysis of patients with an initial rhythm
of pulseless VT and those with VF. This is because the former
tends to have a far higher survival rate, and thus analysis of the
two types of rhythms together may affect patient outcome results
and understanding of VF patients.

The current study had a few limitations. Firstly, cerebral
performance category scores were not measured for survivors,
and thus not reported. Secondly, we have not yet determined the
CPR fraction or adequacy of compressions achieved for both the
manual and mechanical arms as a marker of the quality of CPR
provided. Thirdly, it was impossible to blind the ambulance crew
and ED team to the treatment provided. Fourthly, we could not
standardise the resuscitation and treatment protocols after the
patients were admitted to the ED of the various hospitals. Finally,
the limited number of available mechanical CPR devices did not
allow larger numbers to be randomised to the mechanical CPR
arm. Despite the limitations, the results of our study provide the
direction for future research efforts.

In conclusion, mechanical CPR devices have a role to play for
patients with OHCA, at least in ensuring consistent performance
of good-quality chest compressions. Although the MECCA study
was unable to show a significant survival benefit with the LUCAS 2
device compared to manual CPR, the as-treated analysis suggested
better survival outcomes if the device was applied early, rather
than late or with standard manual CPR.

ACKNOWLEDGEMENTS

The authors acknowledge the tremendous support to the study
provided by the management of the Singapore Civil Defence
Force and the crew of the Emergency Ambulance Service.

REFERENCES

1. Travers AH, Perkins GD, Berg RA, etal; Basic Life Support Chapter Collaborators.
Part 3: adult basic life support and automated external defibrillation: 2015
International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recommendations. Circulation
2015; 132(16 suppl 1):551-83.

2. Eng Hock Ong M, Chan YH, Anantharaman V, et al. Cardiac arrest and
resuscitation epidemiology in Singapore (CARE | study). Prehosp Emerg Care
2003; 7:427-33.

3. Sugerman NT, Edelson DP, Leary M, et al. Rescuer fatigue during actual in-
hospital cardiopulmonary resuscitation with audiovisual feedback: a prospective
multicenter study. Resuscitation 2009; 80:981-4.

4. Halperin HR, Paradis N, Ornato JP, et al. Cardiopulmonary resuscitation with a
novel chest compression device in a porcine model of cardiac arrest: improved
hemodynamics and mechanisms. ] Am Coll Cardiol 2004; 44:2214-20.

5. Timerman S, Cardoso LF, Ramires JA, Halperin H. Improved hemodynamic

430



IOriginaI Article

performance with a novel chest compression device during treatment of in-
hospital cardiac arrest. Resuscitation 2004; 61:273-80.

Ikeno F, Kaneda H, Hongo Y, et al. Augmentation of tissue perfusion by a novel
compression device increases neurologically intact survival in a porcine model
of prolonged cardiac arrest. Resuscitation 2006; 68:109-18.

Duchateau FX, Gueye P, Curac S, et al. Effect of the AutoPulse automated band
chest compression device on hemodynamics in out-of-hospital cardiac arrest
resuscitation. Intensive Care Med 2010; 36:1256-60.

Ong ME, Ornato JP, Edwards DP, et al. Use of an automated, load-distributing
band chest compression device for out-of-hospital cardiac arrest resuscitation.
JAMA 2006; 295:2629-37.

Hock Ong ME, Fook-Chong S, Annathurai A, et al. Improved neurologically
intact survival with the use of an automated, load-distributing band chest
compression device for cardiac arrest presenting to the emergency department.
Crit Care 2012; 16:R144.

. Steen S, Liao Q, Pierre L, Paskevicius A, Sjoberg T. Evaluation of LUCAS, a

new device for automatic mechanical compression and active decompression
resuscitation. Resuscitation 2002; 55:285-99.

. Rubertsson S, Karlsten R. Increased cortical cerebral blood flow with LUCAS; a

new device for mechanical chest compressions compared to standard external
compressions during experimental cardiopulmonary resuscitation. Resuscitation.
2005; 65:357-63.

. Axelsson C, Karlsson T, Axelsson AB, Herlitz ). Mechanical active compression-

decompression cardiopulmonary resuscitation (ACD-CPR) versus manual CPR
according to pressure of end tidal carbon dioxide (P(ET)CO2) during CPR in
out-of-hospital cardiac arrest (OHCA). Resuscitation 2009; 80:1099-103.

. Wagner H, Terkelsen CJ, Friberg H, et al. Cardiac arrest in the catheterisation

laboratory: a 5-year experience of using mechanical chest compressions

431

16.

17.

20.

21.

to facilitate PCI during prolonged resuscitation efforts. Resuscitation 2010;
81:383-7.

. Wik L, Kiil S. Use of an automatic mechanical chest compression device

(LUCAS) as a bridge to establishing cardiopulmonary bypass for a patient with
hypothermic cardiac arrest. Resuscitation 2005; 66:391-4.

. Holmstrom P, Boyd J, Sorsa M, Kuisma M. A case of hypothermic cardiac arrest

treated with an external chest compression device (LUCAS) during transport to
re-warming. Resuscitation 2005; 67:139-41.

Larsen Al, Hjornevik AS, Ellingsen CL, Nilsen DW. Cardiac arrest with
continuous mechanical chest compression during percutaneous coronary
intervention. A report on the use of the LUCAS device. Resuscitation 2007;
75:454-9.

Larsen Al, Hjornevik A, Bonarjee V, et al. Coronary blood flow and perfusion
pressure during coronary angiography in patients with ongoing mechanical
chest compression: a report on 6 cases. Resuscitation 2010; 81:493-7.

. Axelsson C, Nestin J, Svensson L, Axelsson AB, Herlitz ). Clinical consequences of

the introduction of mechanical chest compression in the EMS
system for treatment of out-of-hospital cardiac arrest-a pilot study. Resuscitation
2006; 71:47-55.

. Wik L, Olsen JA, Persse D, et al. Manual vs. integrated automatic load-

distributing band CPR with equal survival after out of hospital cardiac arrest.
The randomized CIRC trial. Resuscitation 2014; 85:741-8.

Rubertsson S, Lindgren E, Smekal D, et al. Mechanical chest compressions
and simultaneous defibrillation vs conventional cardiopulmonary resuscitation
in out-of-hospital cardiac arrest: the LINC randomized trial. JAMA 2014;
311:53-61.

Janata A, Bayegan K, Sterz F, et al. Limits of conventional therapies after
prolonged normovolemic cardiac arrest in swine. Resuscitation 2008; 79:133-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


