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SUMMARY
PARAMEDIC was a pragmatic, cluster-randomized trial introducing
the Lund University Cardiac Arrest System (LUCAS-2) mechanical
cardiopulmonary resuscitation (CPR) device on adult patients with
out-of-hospital cardiac arrest (OHCA). They included 4471 patients
(1652 in LUCAS-2 group and 2819 in the manual CPR group) in a
pragmatic design of the study. The ambulances (n=418) were randomized
(147 in LUCAS-2 group and 271 in manual CPR group) as clusters to
attend non-traumatic adult cardiac arrests. The pragmatic design of the
study warranted extensive training of the emergency medical staff
(EMS) before introduction of the new device into the system. Manual
chest compressions were initiated before arrival of the EMS team in
both groups. In the LUCAS-2 group, the device provided chest
compressions at a depth of 40–53 mm at a rate of 102 per minute,
electrocardiogram (ECG) analysis after initiation of the device and
shock, if required, with uninterrupted chest compressions. In the
manual chest compression group, chest compressions were continued
as per Adult Basic Life Support guidelines of 2010. The primary
outcome of this study was 30-day survival after the cardiac arrest event.
Secondary outcomes included survived events (sustained return of
spontaneous circulation till hospital admission), survival to 3 months,
survival to 12 months and survival with favourable neurological
outcome till 3 months. Favourable neurological outcome was defined
as Cerebral Performance Category (CPC) score of 1 or 2 at 3 months.

The data monitoring and trial steering committee took meticulous
care to exclude all confounding factors for survival after OHCA. Sixty
per cent (985 of 1652) of patients in the mechanical compression group
received LUCAS-2 chest compression and <1% (11) received the same
in the control group. OHCAs receiving chest compressions with
LUCAS-2 had statistically insignificant difference in survival to 30
days (6% v. 7%, adjusted OR 0.86, 95% CI 0.64–1.15) compared to the

manual chest compression group. Among the secondary outcomes,
return of spontaneous circulation (ROSC; 32% v. 31%, adjusted OR
0.99, CI 0.86–1.14), survived events (23% v. 23%, adjusted OR 0.97,
CI 0.82–1.14), survival to 3 months (6% v. 6%, adjusted OR 0.83, CI
0.61–1.12), survival to 12 months (5% v. 6%, adjusted OR 0.83, CI
0.62–1.11) were similar in both groups. Patients with favourable
neurological outcome (CPC 1 or 2) were lower in the LUCAS-2 group
(5% v. 6%, adjusted OR 0.72, CI 0.52–0.99) though the difference was
statistically insignificant. Survival was lower in the LUCAS-2 group
compared to manual chest compression group when the initial rhythm
was ventricular fibrillation (VF) or ventricular tachycardia (VT) (18%
v. 24%, OR 0.71, CI 0.58–0.98), but it was equivalent when the initial
rhythm was pulseless electrical activity (PEA) or asystole (2% v. 1%,
OR 1.38, CI 0.80–2.36).

COMMENT
The success of a CPR technique or device depends on education
and competence of the rescue team. Since the quality of manual
CPR in OHCA is often compromised, it is tempting to use
mechanical compression devices. However, when the American
Heart Association (AHA) analysed all the published literature till
2010, the consensus was that the available literature does not
support or refute use of any of the available mechanical chest
compression devices. So the debate of using mechanical chest
compression devices did not end.1

A few studies using the LUCAS device showed equivalent
survival and favourable neurological outcome as compared with
guideline adherent manual chest compression.2,3 Other studies
using different mechanical chest compression devices (Autopulse
or Load-distributing-band) showed survival benefit compared to
manual chest compression. However, favourable neurological
outcomes were equivalent in mechanical chest compression group
compared to manual chest compression group.4,5

The factors that affect survival after OHCA include witness
of arrest, CPR provider, delay in initiation of CPR, interruption
of CPR, initial rhythm of cardiac arrest and post-resuscitation
care.6–8 In this study, all the confounders were stratified before
analysing results except post-resuscitation care and therapeutic
hypothermia. The use of therapeutic hypothermia after OHCA in
pre-hospital care showed improved neurological outcome
compared to its use after arrival in the emergency department.9

Using uniform post-resuscitation care with therapeutic
hypothermia in both mechanical and manual chest compression
groups showed similar neurological outcome.9

The inherent limitations of the LUCAS-2 device need to be
explained. Default settings of the LUCAS-2 device may interrupt
chest compressions up to 20 seconds while initiating the device;
it can delay analysis of ECG up to 3 minutes.3 It also delays
delivery of shock up to 1.5 minutes in OHCA with shockable
rhythm. Delay in defibrillation because of this default setting of
LUCAS-2 may have caused low survival in cardiac arrests with a
shockable rhythm. The chest compression depth using LUCAS-2
falls below the minimum recommended depth of 50 mm.

Further, the weaknesses of the study also need to be considered.
Quality of CPR was not assessed while introducing this new
device into the system. Delays in initiation of CPR using the
mechanical device and interruptions were not recorded in the
study. Low (60%) use of the mechanical device was due to
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difficulties in device use (15%), non-compliance (16%) or
unknown reason (6%).

Overall this study identifies the issues in organizing large scale
real-life resuscitation trials and the importance of attention to
training and implementation while testing a new technology.
Perhaps what is more important is that it gives an insight into the
difficulties faced in real-life when such technology is implemented.
If mechanical chest compression devices such as LUCAS-2
would be implemented in the National Health Service (NHS), the
pragmatic design used in the study shows exactly how it would be
deployed and anticipates the difficulties that are likely to be faced;
hence the results of this trial are important to healthcare policy-
makers.

In this study, survival in witnessed OHCA (9% v. 9%) and
bystander CPR (6% v. 5%) showed no significant difference
between manual or mechanical chest compression groups. In a
systematic review of global trends in OHCAs, the incidence of
treated OHCAs was found to be higher in North America (54)
compared to Europe (35) and Asia (28.3).10 The percentage of VF
and survival to discharge was lower in Asia (11% and 2%)
compared to that in Europe (35% and 9%), North America and
Australia. This shows lack of training, skilled personnel and good
quality CPR by paramedical staff in Asian countries.

World Bank data show that India has 0.6 physicians per 1000
population compared to 2.8 physicians per 1000 population in the
UK. In India 1-year survival after in-hospital cardiac arrest is
about 10.4% and survival after OHCA is expected to be lower.11

Survival after OHCA in a developing country such as India faces
many challenges including immediate recognition, provision of
ECG, proper analysis of ECG, competent CPR provider before
arrival of EMS, continuation of good quality CPR in a moving
vehicle during transport, provision of shock and post-resuscitation
care. Apart from technical issues, financial issues also impact the
quality of post-resuscitation care. A costly mechanical chest
compression device can replace only one obstacle in improving
the outcome after OHCA but not all12 and is certainly not the
answer to improve outcome from OHCA in countries such as ours.
The mechanical device continues quality CPR during transport
while maintaining staff safety.13,14 This study does not end the
debate of mechanical versus manual CPR but shows that training
of paramedical staff and quality checks are the main factors which
can improve outcome in OHCA. Health system architecture and
administrative change in India have a long way to go to change
outcome in OHCA.
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