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Evidence Appraisal Report1 

Review of systematic reviews and additional primary studies 

 

Mechanical chest compression for use by the ambulance service to treat adults 

with out-of-hospital non-traumatic cardiac arrest 

Are there special populations for which mechanical chest compression devices are clinically and cost 

effective compared with manual cardiopulmonary resuscitation? 

 

1. Health problem 

Cardiac arrest is the cessation of cardiac mechanical activity, as confirmed by the absence of signs of 

circulation. Within seconds the blood supply to vital organs ceases and cell death commences. There is a 

narrow window of opportunity (minutes) in which the heart might be restarted and the patient 

resuscitated. Cardiac arrest outside hospital may occur due to cardiac causes, trauma, submersion, drug 

overdose, asphyxia, exsanguination or other medical causes. (Gates et al. 2017) 

The Out of Hospital Cardiac Arrest (OHCA) Plan for Wales (NHS Wales 2017) stresses the high incidence of 

cardiac arrest in the community and the high risk of death. The treatment for people who suffer a non-

traumatic OHCA is cardiopulmonary resuscitation (CPR), involving chest compressions and rescue breaths. 

This can be undertaken by a bystander until an ambulance team arrives and defibrillation may also be 

applied if an automated external defibrillator (AED) is available in the vicinity to shock the heart. 

Guidelines for the ambulance service treating OHCA are available from the UK Resuscitation Council 

(2015), indicating the frequency and quality (depth) of chest compressions required. They propose a team 

approach, ideally involving four individuals who between them undertake roles as team leader, manage 

the airway, and alternate in the delivery of chest compressions and assisting with vascular access and drug 

delivery. Expert comments indicate that although four individuals is ideal, it is unlikely that such a 

response is provided to every incident. 

Data from the English national OHCA registry for the year of 2014 show that 28,729 OHCA cases2 were 

treated by the English Ambulance Service out of a population of 54 million people (Hawkes et al. 2016). 

Return of spontaneous circulation (ROSC) by time of hospital transfer was evident for 25.8%, and 7.9% 

survived to hospital discharge. Survival rates were highest amongst those who received bystander CPR and 

public access defibrillation. It was concluded that cardiac arrest is an important cause of death and there 

is scope to improve outcomes.  

                                            

1 Rapid systematic literature search of published evidence and websites to identify the best clinical and economic evidence. This 

is critically evaluated by researchers and the draft Evidence Appraisal Report is issued to experts for review and discussed by 

Health Technology Wales multidisciplinary advisory groups. 
2 According to Ustein reporting template. 
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Previously Perkins and Cooke (2012) had identified variability between ambulance services in rates of ROSC 

upon arrival at hospital (13–27%) and survival to hospital discharge (2–12%). 

From April 2016-March 2017, the Welsh Ambulance Services NHS Trust (WAST) recorded 5,800 calls to 

patients in cardiac arrest, attempting resuscitation in 2,832 patients (NHS Wales Emergency Ambulance 

Services Committee 2017). However, this is a small proportion of overall ambulance activity and ambulance 

teams may only experience a few cases per year. In the three-year recruitment period for the UK 

PARAMEDIC trial (Perkins 2015) paramedics attended a cardiac arrest a mean of 4 times in the control 

group and 3 times in the mechanical CPR group. However, given the high mortality rate in cardiac arrest 

patients this is an important issue for the people of Wales (Quinn expert comment). 

 

2. Health technology 

2.1. Mechanical chest compression devices 

Maintaining high-quality CPR is difficult as the person performing it can tire and become less effective. 

Rechargeable battery operated mechanical devices have been developed for use by trained ambulance 

staff. These are intended to provide consistently high-quality chest compressions of the required depth 

and frequency, for prolonged periods of time and can be used during transportation (Rubertsson 2014).  

The devices are intended to be an adjunct to manual CPR, which should be started immediately according 

to current guidelines and continued until the mechanical device is in use. Mechanical CPR devices are 

suitable for use in adult patients, with slight differences in restrictions of use depending on brand.  

Two class IIb3 CE marked devices for mechanical CPR have been studied in large RCTs and are available on 

the UK market. They have different mechanisms to create the compressions - a piston device with suction 

cup or load-distributing band. Two other devices are available but they have not been so extensively 

studied and do not appear to be available on the UK market (see Appendix 1). 

The LUCAS® chest compression system is a CE-marked device, manufactured by Jolife AB, a part of Physio-

Control/Stryker. The LUCAS device delivers both chest compression and active decompression back to the 

start position through a piston system with a suction cup (Figure 1). The device consists of an upper part 

attached to a back plate, a battery and external power supply, all stowed in a carrying case. 

Figure 1. LUCAS 3® chest compression system 
(Reproduced with permission from Stryker.) 

 

                                            

3 https://www.gov.uk/guidance/medical-devices-conformity-assessment-and-the-ce-mark 

https://www.gov.uk/guidance/medical-devices-conformity-assessment-and-the-ce-mark
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The LUCAS system delivers 102 compressions per minute to a depth of 40–53 mm. The device is not 

restricted by patient weight but can only be used with chest dimensions of up to 45 cm width and 30 cm 

height.  The device has two different compression modes: continuous or 30 compressions with two 

ventilations (Stryker Expert Comment). The randomized controlled trials presented in this appraisal were 

based on version 2 of the device, but version 3 is now marketed and includes features to facilitate 

maintenance and patient handling. The LUCAS 3 weighs approximately 10 kg including carry case and is 

Bluetooth enabled to allow review of device performance data (including chest compression statistics and 

device alarms) at the end of the intervention or shift.  

When lifting the patient to the stretcher, the LUCAS must be paused. When moving the patient, the LUCAS 

can be active as long as the LUCAS device and the patient are safely positioned on the transportation 

device and LUCAS stays in the correct position (Jolife 2017). 

The AutoPulse® Resuscitation System is a CE marked device, manufactured by ZOLL Medical Corporation. 

It is a load-distributing band (LDB) device system consisting of a platform, a wide band that fits around 

the patient’s chest and a power system. The entire band tightens to compress the patient’s entire chest, 

at a rate of 80 compressions per minute to a depth that causes displacement equal to a 20% reduction in 

anterior-posterior chest depth (Figure 2). 

Figure 2. AutoPulse® Resuscitation System 
(Reproduced with permission from ZOLL Medical Corporation.) 

 

The AutoPulse can be used on patients with a chest circumference of 76–130cm and automatically adjusts 

the band in length to fit the patient’s chest. The platform consists of a back-stabilizing board, a mechanical 

drive mechanism, control system, electronics and a user control panel. The system comes with a Quick 

Case, a backpack that can be unfolded into a soft carry-sheet. The Quick Case is provided for out-of-

hospital use and allows patients up to 200kg to be moved without a scoop stretcher. The system weighs 

approximately 10.6kg (this includes platform, LDB and 1 li-ion battery) and the Quick Case v2 weighs 2.3kg 

(ZOLL expert comment). It has three different modes: continuous, 30 compressions with 2 ventilation 

pauses of 1.5 s and 15 compressions with 2 ventilation pauses (ZOLL website, Couper et al. 2015, NICE 

2015). AutoPulse allows patients to be lifted, transferred, moved and transported without the need to stop 

chest compressions. 

An NiMH battery was previously used in the AutoPulse, but this caused maintenance issues. As a result, the 

manufacturer discontinued production of this type of battery in 2015.  Only a Li-ion battery is currently 

produced and sold by the manufacturer. 

The AutoPulse PLUS Resuscitation System has an additional functionality called Shock Sync that integrates 

with a ZOLL monitor/defibrilator and automatically times shock delivery at the beginning of the relaxation 

phase, when transthoracic impedance is at its lowest point. The AutoPulse Plus has an interface connector 

that allows ZOLL defibrillator pads to connect directly with the X Series Monitor/Defibrillator and utilize 
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the Shock Sync functionality. This is the only version of the device available in the UK (ZOLL expert 

comment). 

2.2. Clinical pathway and use of devices in Wales 

WAST serves 2.9 million people and covers an area of 20,640 km including rural and remote areas, busy 

seaside resorts and large urban conurbations. The services are tailored to differing community needs, from 

cycles to rapid response cars, frontline ambulances, helicopters and nurses in control centres. They have 

90 ambulance stations and three control centres and 1,310 staff cover emergency calls, 50,000 of which 

are urgent (Welsh Ambulance Services NHS Trust 2017). The LUCAS® 2 device has been used by WAST as 

part of a randomized controlled trial (RCT) (Gates et al. 2017) and is used routinely by EMRTS (expert 

scoping comment).  

WAST vehicles are generally separated into lone responders in a rapid response car and double crewed 

ambulances. In addition, there are community first responder teams (public responders) who often attend 

sudden cardiac arrest. Other services have also started deploying specialist cardiac arrest units (usually 

cars with specialist clinicians) (Swinburn expert comment). 

The Emergency Medical Retrieval and Transfer Service (EMRTS) Cymru (or Welsh Flying Medics) provides 

Consultant and Critical Care practitioner-delivered pre-hospital critical care across Wales. It was launched 

at the end of April 2015 and is a partnership between Wales Air Ambulance Charity, Welsh Government 

and NHS Wales. It has four air ambulance helicopters based in based in Caernafon, Welshpool, Llanelli and 

Tremorfa. There are also five emergency response cars that are used when the helicopters are unable to 

fly. (EMRTS 2017 and Archer expert comment). Each air ambulance and rapid response car is equipped 

with a LUCAS device. The device is used routinely in targeted OHCA that EMRTS are dispatched to via an 

air desk. It is also used in very select cases when there is a patient in refractory ventricular fibrillation 

and there is agreement from the receiving Primary Percutaneous Coronary Intervention unit that it is 

appropriate for them to go direct for intervention whilst still in cardiac arrest (Archer expert comment). 

Between September 2016 and January 2018, EMRTS Cymru deployed mechanical CPR in 126 cases. The 

AutoPulse Plus device was also used in the Cardiac Arrest Concept Car (stationed in Cardiff) over a three-

month period in 2014 (ZOLL expert comment). 

 

3. Evidence search methods 

The Population-Intervention-Comparator-Outcomes framework for the evidence appraisal (Appendix 2) 

was developed following comments from the Health Technology Wales (HTW) Assessment Group and UK 

experts. 

A systematic literature search to study clinical effectiveness of mechanical chest compression for out-of-

hospital cardiac arrest was undertaken on 25-26 July 2017 searching for evidence from 2015 onwards. This 

was also used to identify studies for cost effectiveness. A comprehensive, high quality UK NIHR HTA report 

was published in April 2017, which reported a meta-analysis of RCTs up to end of 2014.  In addition, the 

OHCA plan was published by Welsh Government in June 2017, which reported all key Welsh intelligence. 

As a result, a limited search was undertaken to identify any additional meta-analyses or primary studies 

published after the analyses in the NIHR report. 

The systematic search included Medline, Embase, Cochrane and the HTA databases, various HTA websites 

and google. The search strategy was a slight modification of that used in the NIHR and Cochrane reviews 

to make it more specific and sought to identify RCTs and meta analyses published from 2015 onwards. A 

full report of the search process and strategies is available on request. This resulted in 110 de-duplicated 

abstracts for review by two health services researchers (KF and MC) 21 of which were chosen for full text 

review and 14 of which were selected for consideration in the clinical effectiveness and cost effectiveness 
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sections by KF (Appendix 3). In addition, the papers for the RCTs in the meta-analysis were obtained to 

provide further information about the studies.  

Studies have been rapidly reviewed in relation to the context in NHS Wales. Formal checklists to critically 

appraise systematic reviews and RCTs have not been used. 

For ongoing clinical trials, a search of ClinicalTrials.Gov and the WHO Clinical Trial portal (with no date 

restriction for the registration) found 50 records. One of these was a duplicate, so there were 49 potential 

ongoing studies. On review of the registry records, 7 were selected for fuller review and enquiries to the 

investigator as needed. As a result, 1 of these was identified as a study that may not have yet reported. 

To assess safety, the RCTs included in the meta-analysis and the MHRA website were reviewed. The FDA 

MAUDE database was searched with the brand name for each device for the period 1 January 2000 to 26 

July 2017.  

Organisational and patients’ issues were identified in the papers reviewed for clinical effectiveness, no 

specific searches were undertaken. 

 

4. Clinical effectiveness 

4.1. HTAs 

The UK NIHR HTA (Gates et al. 2017) reports the PARAMEDIC trial in detail, along with an associated meta-

analysis and economic evaluation. These analyses are also presented in peer-reviewed published papers 

and it is those sources that are presented in the following section. 

CADTH (2017) published a Rapid Response HTA in May 2017. This was not a critical review of the evidence 

but simply summarized key characteristics and the conclusion of RCTs and uncontrolled trials of mechanical 

chest compression in and out of hospital. It was used in this report to ensure that all studies had been 

identified. 

NICE (2015) published a Medical Innovation Briefing in 2015 summarizing the evidence available for 

AutoPulse. 

 

4.2. Systematic reviews 

 Overview 

The literature review identified four systematic reviews (Bonnes et al. 2016, Gates et al. 2015, Tang et al. 

2015, Li et al. 2016) that had search dates of December 2014, February 2015, March 2015, and August 2015 

respectively.  

Li et al. (2016) and Bonnes et al. (2016) studied mixed study populations (in and out of hospital) and 

included uncontrolled trials (Appendix 4). The best available evidence comes from Gates et al. (2015) and 

Tang et al. (2015). Each of these reviews pooled results from the same five RCTs and both concluded that 

there was no difference in survival or other outcomes between mechanical chest compression and manual 

CPR. As Gates et al. (2015) was undertaken within the UK NIHR study, it is presented in detail here. 
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 Gates et al. (2015) meta-analysis 

4.2.2.1. Overview of studies 

The meta-analysis of Gates et al. (2015) included study level data from five RCTs including 12,206 patients 

(Table 1). Due to the nature of the intervention, the studies were not blinded, but neurological status was 

evaluated in a blinded fashion in some studies. The methodological quality of the RCTs was critically 

appraised by the review authors and judged as generally good. 

There were marked differences in the design and conduct of the included studies. Two trials studied 

AutoPulse and three studied LUCAS 2 (two with a modified resuscitation algorithm). One of the AutoPulse 

trials included intensive training for manual CPR. Two were cluster randomized and one (the PARAMEDIC 

trial) used 1:2 randomisation. Two studies included UK patients, but some were also conducted in countries 

that may have different deployment systems (e.g. use of fire service in England to act as co responders 

and provide chest compressions) (Edwards expert comment). 

Three studies were designed to be superiority studies, showing the benefit of a mechanical chest 

compression device vs manual chest compression and in total included 12,206 patients. Wik et al. (2014) 

used a sequential analysis to determine superiority, inferiority or equivalence. The four larger studies had 

survival (4-hour, to hospital discharge, or 30-day) as the primary outcome, whereas the smaller Smekal 

study evaluated ROSC. 

The primary analysis of the CIRC trial adjusted for its interim analyses, but this adjustment was not made 

for the secondary analyses, so only the effects without adjustment for interim analysis were included in 

the meta-analysis. However, as no treatment effect was found, this is unlikely to have created major bias. 
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Table 1. Open, randomized controlled trials of mechanical chest compression vs manual CPR 

to treat non-traumatic OHCA 

Trial Interventions Number of patients in intention to 

treat analysis  

ASPIRE 

(Hallstrom 2006) 

 

(Stopped by Data Safety 

Monitoring Board) 

 

AutoPulse 

 

Manual CPR 

767 / 1,377 screened 

51 clusters of ambulance stations in 

Canada and USA. 

 

394 

 

373 

Smekal (2011) LUCAS with modified resuscitation 

algorithm4 

 

Manual CPR  

148 

 

75 

 

 

73 

LINC 

(Rubertsson 2014) 

LUCAS/LUCAS 2 with modified 

resuscitation algorithm5  

 

Manual CPR  

2,589 / 4,998 screened 

6 sites:3 in Sweden, 1 in UK,              

1 in Netherlands 

 

1300 

 

 

1289 

CIRC  

(Wik 2014) 

 

(With planned interim 

analyses for superiority, 

inferiority or 

equivalence) 

 

AutoPulse with regular retraining 

and feedback on quality of CPR 

 

Manual CPR with regular retraining 

and feedback on quality of CPR 

4,2316 / 9068 screened  

5 sites: 3 in USA, 1 in Austria,  

1 in Netherlands 

 

2099 

 

 

2132 

 

PARAMEDIC  

(Perkins 2015) 

 

(1:2 randomisation) 

LUCAS 2 

 

Manual CPR 

4,471 / 11, 171 screened 

91 ambulance stations in UK (14 in 

Wales): 418 clusters of ambulance 

vehicles (62 in Wales) randomized to use 

the device or not 

 

1652 (985 actually received LUCAS 2)7 

 

2818 

 
  

                                            

4 3 minute cycle with defibrillation vs 2 minute manual with pause for defibrillation 
5 3 minute cycle with defibrillation, vs 2 minute manual with pause for defibrillation 
6 522 excluded according to exclusion criteria and an unspecified number excluded in a run-in phase and early in trial when there 
were issues with the NiMH battery and for one site due to non-compliance. 
7 Not used in 272 patients for trial related reasons (crew not trained, crew error) and 256 patients as per clinical practice (patient 
unsuitable, size of patient) 
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4.2.2.2. Meta-analysis 

Meta analyses were presented for each device type and for any type of mechanical CPR. Study treatment 

effects were reported adjusting for the covariates considered important in each trial, such as clustering, 

initial rhythm, prior bystander CPR, ambulance service response time, and age of patient. The covariates 

differed across studies but their impact was tested in a sensitivity analysis. 

Pooled results for survival are presented in Figure 3. Meta analyses of the secondary outcomes are 

presented in Appendix 5. For each outcome, the overall effect was not significantly different between 

mechanical and manual and CPR. 

 

Figure 3. Meta-Analysis of Survival to Discharge from Hospital or to 30-days8 

SE=standard error, IV=Inverse Variance, OR=Odds Ratio, CI=Confidence Interval 

 

Survival to discharge or 30 days was measured in all trials and had an odds ratio of 0.89 (95% CI 0.77, 1.02 

p = 0.1 (in the direction of showing benefit for manual CPR) and no significant heterogeneity (Figure 3). 

Sensitivity analyses using the estimate that adjusted for the interim analysis in the CIRC  trial, found similar 

results (OR = 0.94, 95% CI 0.79 1.11).  

When analysing by form of device, the odds of ROSC were significantly higher in the manual CPR group 

than with AutoPulse (Figure 3). However, it is noted that this sub-group only included the CIRC trial, which 

had increased training and feedback to optimize CPR. 

Survival with good neurological outcome was measured in the four larger trials. Pooled results indicated 

no significant difference between treatments (OR 0.76, 95% CI 0.53, 1.11, p = 0.16). However, there was 

significant heterogeneity (I2 = 68%). The LINC trial found mechanical CPR to be beneficial, whereas 

outcomes in all other studies favoured of manual CPR. Notably, the ASPIRE study (of AutoPulse) reported 

an OR of 0.39 (95% CI 0.19, 0.77) showing a highly significant effect in favour of manual compression. In 

the PARAMEDIC trial (of LUCAS 2) the OR was also just significant 0.72 with 95% CI (0.52, 1.00). These 

                                            

8 Figures reproduced from Gates et al. (2017) under creative commons license. 

 



 
Page 9 of 31 EAR001 February 2018 

analyses were affected by missing data: in the CIRC trial 28% of survivors did not have neurological data 

recorded. 

The ASPIRE trial also found the odds of survival to discharge to be worse in patients who received 

mechanical CPR (OR = 0.36, 95% CI 0.31, 1.01). It has been suggested that these effects may be due to one 

of the five trial sites changing the protocol part way through the study to delay mechanical CPR, but this 

explanation is not accepted by the trial investigators. 

 

4.3. Additional papers 

Six papers report additional analyses from RCTs that were published from 2015 onwards. 

 LINC trial 

Rubertsson et al. (2015) reported results of the LINC trial in different analysis populations as detailed in 

the statistical analysis plan (Appendix 6). In the per protocol population of 2370 out of the 2589 randomized 

patients, no significant differences were found between the two types of CPR for any outcome. The same 

conclusion was found for a pre-defined subgroup of 1133 patients that excluded patients where the time 

to arrival of the ambulance staff was greater than 12 minutes, the cardiac arrest was not witnessed or the 

device was not brought to the scene at the outset. 

Esibov et al. (2015) and Hardig et al. (2017) reported post hoc sub-group analyses of the LINC trial but 

these did not identify any groups of patients in whom odds of survival were better with mechanical chest 

compression (Appendix 6). 

 

 CIRC trial 

Olsen et al. (2016) reported a secondary analysis of the CIRC trial that investigated the association between 

duration of compressions (a post randomisation variable) and survival to hospital discharge. The unadjusted 

outcomes are presented in Table 2. 

 

Table 2. CIRC Trial - Unadjusted survival to hospital discharge 

Duration of compressions before reaching 
Emergency Department (minutes) 

No. survived / No. patients (%) 

Manual CPR AutoPulse 

0-5 60/127 (47%) 40/89 (45%) 

6-10 78/275 (28%) 67/239 (28%) 

11-15 44/264 (17%) 30/253 (12%) 

16-20 20/294 (7%) 26/250 (10%) 

>20 9/1042 (1%) 22/1181 (2%) 

 

Logistic regression was used to model survival to hospital discharge adjusting for duration of chest 

compressions, trial site, patient age, witnessed cardiac arrest and initial shockable rhythm. In this analysis, 

patients treated with Autopulse were significantly more likely to survive to hospital discharge on AutoPulse 

with an odds ratio of 1.86 (95% CI 1.16, 3.00), but this was in the presence of an interaction between 

duration of chest compressions and intervention. Investigating the interaction, the authors plotted the 

odds ratio for survival by duration of chest compression and show that the survival benefit with AutoPulse 

was significant for those with 16.5 minutes or more of compressions. 
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The pattern in the unadjusted survival rates is not further explored, particularly the higher survival rate 

on manual CPR vs AutoPulse for those with 11-15 minutes duration of compression. However, it is stated 

that this difference is not statistically significant (ZOLL expert comment). 

Olsen et al. (2015) conducted a post-hoc analysis of the CIRC trial to investigate whether shorter manual 

chest compression pauses when using AutoPulse might improve defibrillation success (Appendix 6) but did 

not evaluate survival. 

 

 PARAMEDIC Trial 

Ji C et al. (2017) presented pre-defined secondary analyses of the PARAMEDIC trial relating to quality of 

life (QOL), cognitive function, anxiety and depression, post-traumatic stress and hospital and intensive 

care length of stay. This study also presented longer term follow-up of patients at 3 and 12 months by 

linking to the Hospital Episode Statistics and Intensive Care National Audit and Research Centre databases 

and by sending questionnaires to those who consented to follow-up. In the LUCAS group, 377/1652 (22.8%) 

patients survived to be admitted to hospital compared with 658/2818 (23.3%) of those who received manual 

CPR. Data linkage was possible for 70% of the LUCAS patients and 77% of the manual CPR group (database 

information was available for those recruited up to March 2013). For patients who survived to hospital 

discharge, lengths of stay in hospital and intensive care were similar, with adjusted mean difference of 

2.5 days more in the LUCAS group (95% CI -4.9, 9.9). The analysis of longer term outcomes showed similar 

outcomes in each group, but was hampered by 46% missing data at 3 months, with worse follow up in those 

with poorer neurological function. 

 

4.4. Ongoing trials 

No ongoing RCTs of mechanical chest compression have been identified. One RCT led by Wik has recently 

completed (April 2017) but searches did not identify any published results. This trial compared LUCAS 2 

and the newer LUCAS 2 AD (that generates active decompressions above the initial starting position of the 

suction cup) but only intended to enrol 126 patients to study haemodynamic effects. 

 

4.5. Clinical effectiveness conclusions 

Two well-conducted meta analyses are available that included three recent large, well conducted RCTs 

and two smaller, older RCTS. They were multi-country studies that used their current emergency care 

responder services to treat out-of-hospital cardiac arrest and included 12,206 patients in total. They were 

designed to show the superiority of the LUCAS 2 or AutoPulse device compared with manual chest 

compression when used for out-of-hospital cardiac arrest. All analyses show that there is no difference 

between either device and manual chest compression. Various sub-group analyses did not identify any 

special populations who might benefit from the devices. 

The RCTs do not address the questions raised by experts at the outset of this assessment about whether 

the devices would be helpful in specific populations or how they should be used in relation to care bundles. 
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5. Safety 

Smekal et al. (2011) studied LUCAS vs manual CPR and did not report any adverse events. 

In the ASPIRE trial (Hallstrom et al. 2006), no adverse events were reported, but the trial was stopped 

early by the Data Safety Monitoring Board because the hospital discharge survival was lower in the 

AutoPulse group compared with manual CPR (5.8% vs 9.9%). 

In the LINC trial (Rubertsson et al. 2014), 7 of the 1300 (0.5%) patients in the LUCAS group had adverse 

events (1 possible airway bleeding, 1 suspected ruptured spleen, 1 pneumothorax, 1 fractured thoracic 

vertebra, 1 flail chest, 1 migrated device due to mucus on the chest, 1 pre-existing stomach distension), 

compared with 3 of the 1289 (0.2%) patients in the manual CPR group (2 cases of flail chest – 1 with 

abdominal aortic aneurysm, 1 pneumothorax). In addition, there were 15 issues related to the device 

malfunctioning, 8 of which required discontinuation of its use.  

In the PARAMEDIC trial (Perkins et al. 2015), 7/1652 (0.4%) patients in the LUCAS group experienced 

adverse events (3 chest bruising, 2 chest lacerations, 2 blood in mouth). No adverse events were reported 

in the manual CPR group (out of 2818 patients). 

In the CIRC trial (Wik et al. 2014), a clinical record review found a similar proportion of patients had 

“injuries” (242/2099 (12%) on AutoPulse; 225/2132 (11%) on manual chest compression. Patients may have 

had several different events, but some events were more prevalent in one group. For AutoPulse, there 

were more rib fractures (69 vs 31), pneumothorax (33 vs 20) and subcutaneous emphysema (21 vs 6). 

Whereas for manual chest compression there was more pulmonary oedema (176 vs 159).    

Koster et al (2017) conducted an RCT of the safety of Autopulse and LUCAS compared to manual CPR. 

Outcomes were studied for patients receiving CPR in a hospital emergency department (i.e. CPR delivered 

out of hospital was not studied), but safety evidence is included here as it may be of relevance to either 

setting. Serious or life-threatening visceral resuscitation-related damage (the primary outcome) was 

reported for 12 of 103 AutoPulse patients (11.6%), 8 of 108 LUCAS patients (7.4%), and in 8 of 126 

mechanical CPR patients (6.4%). Severe rib and/or sternum fractures (secondary outcome) occurred in 47 

of 103 AutoPulse patients (45.6%), in 43 of 108 LUCAS patients (39.8%), and in 52 of 126 controls (41.3%).In 

the PARAMEDIC trial (Perkins et al. 2015), 7/1652 (0.4%) patients in the LUCAS group experienced adverse 

events (3 chest bruising, 2 chest lacerations, 2 blood in mouth). No adverse events were reported in the 

manual CPR group (out of 2818 patients). 

The MHRA had an archived safety notice from 2007 about the LUCAS device that required attention to the 

instructions for use. It did not contain any alerts for the AutoPulse system. The USA FDA MAUDE database 

includes reports of adverse events with medical devices from medical facilities, distributors and 

manufacturers. Reporting practices varies and ZOLL (a USA company) reports all complaints and so there 

are approximately 500 records for AutoPulse, which can only be read individually. These were not reviewed 

in detail, but most appeared to relate to complaints relating to failure of the system (back board, band or 

battery). There were 51 records relating to the LUCAS device. These have not been reviewed in detail, 

but the most recent related to a chest wound as a result of mechanical chest compression that exposed 

what appeared to be sternal wires from prior open-heart surgery. 
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6. Economic evaluation 

6.1. Cost effectiveness 

 Methods 

Marti et al. (2017) present evaluations of the cost-effectiveness of the LUCAS-2 mechanical chest 

compression device using data from the PARAMEDIC trial and linked patient data from the hospital episodes 

statistics (HES) database. A within-trial analysis calculated the cost-effectiveness over the first 12 months 

post cardiac arrest using a micro-costing approach and utilities derived from the trial EQ5D-3L 

questionnaires. In addition, a decision-analytic model extrapolates the results to a lifetime horizon for 

surviving patients.  

The costs included intervention costs and costs of subsequent healthcare usage. The LUCAS-2 costing took 

a micro-costing approach expressed as ‘cost per application calculated’. The HES dataset provided 

information on resource usage. This was supplemented using a healthcare resource questionnaire which 

was completed by surviving patients at 3 and 12 months post cardiac arrest. The questionnaires collected 

data for 3-month periods, the average of these were used to fill in the missing 6 months. Patient quality 

of life was measured at 3 and 12 months, a utility of 0 was assigned to patients who died within three 

months. 

 

 Results 

In the LUCAS-2 group, 60% of patients received mechanical compressions. In the control group, 11 (<1%) 

patients were also treated with the LUCAS-2 device. Survival rates at 12 months were 5% for the LUCAS-2 

group and 6% for the control group. About 50% of the surviving patients completed the healthcare resource 

use and EQ-5D-3L questionnaires at each time point.  

The average costs per patient (including intervention costs and costs associated with healthcare services 

along the patient pathway) were £1,400 in the LUCAS-2 group and £1,294 in the control group. The 

implementation cost per single LUCAS-2 application was £232.  

The mean difference in QALYs was -0.01 for LUCAS-2 vs manual compression, which was not significant. 

The paper concludes that the LUCAS-2 intervention is both more expensive and less effective (based on 

quality of life) than the control, thus being dominated by manual CPR (Table 3). 

The sensitivity analysis followed a non-parametric bootstrapping approach, based on multiple imputation 

(MI) data, with 10,000 replications. In the large majority of estimates the mechanical CPR was more 

expensive and less effective. The probability of the intervention being cost-effective remained relatively 

constant at around 30% at different willingness-to-pay thresholds. A 40-year Markov model supported the 

within-trial findings with the implication that the LUCAS-2 device is dominated by manual CPR. 
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Table 3. Cost-effectiveness results as presented in Marti et al. 2017 

 Manual CPR LUCAS-2 Difference 

Overall costs £1,294 £1,401 £107 

Utility scores    

3 months 0.780 0.647 -0.13 

12 months 0.761 0.639 -0.12 

QALY     

Complete case 0.026 0.018 -0.01 

Multiple imputation of 

missing data 

0.042 0.033 -0.01 

 

 Strengths of the analysis 

The paper presents a clear and thorough economic evaluation based on a large data set representing the 

best available data to date. Strengths include the large sample size, appropriate randomisation, detailed 

micro-costing, a lifetime horizon and a strong missing data approach (multiple imputation). Furthermore, 

the discussion offers valuable context to the adoption of the LUCAS-2 device which could not be explicitly 

included into the analysis. 

 

 Limitations of the analysis 

 Limited data collection points (3 and 12 months) 

- The assumption that the cost and outcomes for the missing time period (no data collected 

between 3 and 9 months) follow the profile seen in the collected data might be unfounded and 

result in bias. 

 Short period of within trial analysis which is extrapolated to lifetime might introduce bias 

 Assumption that patients who died within 3 months didn’t use any NHS resources.  

- A pragmatic assumption given the data collection time, but this may miss costly complications 

before death  

 No significance reported for cost differences 

 No discussion about how close the differences were: LUCAS-2 had a 30% chance of cost effectiveness 

at each ‘willingness to pay’ threshold.  

 Outliers dominated the cost averages  

- An expected characteristic of healthcare costing, especially where the cohort suffers significant 

mortality risk 

 

 Cost effectiveness conclusions 

The paper is a high-quality evaluation which identifies the costs and health outcomes in a detailed and 

transparent manner. The authors argue that, while the LUCAS-2 is dominated by manual CPR, there could 

be a sound argument in support of the device in situations where manual chest compression is impossible 

or would compromise safety (see organisational issues). 
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6.2. Economic costing for AutoPulse and LUCAS-2 

A detailed cost breakdown for AutoPulse is displayed in Appendix 7 (ZOLL expert comment). The complete 

purchase cost per unit deployed (including all required accessories, batteries and maintenance) is £9,850 

(list price) plus £450 cost in staff time for training of each paramedic (based on repeat training every two 

years). Assuming a working lifetime of 10 years for the device with 10 OHCA events each year, maintenance 

required every two years and four people trained per device (with refresher training every two years) the 

undiscounted cost per device in operation per year would be £2,140. 

For the LUCAS-2 device, Marti et al. (2017) reported a cost of £232 per application. The LUCAS-3, the 

updated model of the LUCAS-2, can be purchased for a complete list price of £12,060 plus staff training 

costs of £743 per person. A detailed cost breakdown of the LUCAS-3 device can be found in Appendix 8.  It 

has been noted that a 17.5% discount is available to the NHS. Repeating the ‘per year’ cost analysis with 

the same assumptions as reported earlier the LUCAS-3 would offer an undiscounted cost £2,547 per year 

in operation.  

However, it is noted that these costs are difficult to compare as they depend on the frequency of use of 

device and cost per use over the lifetime of the device will vary (Stryker expert comment). 

 

6.3. Budget impact 

The budget impact evaluation proposed for mechanical chest compression devices in WAST is used to 

identify the scale and financial impact of mechanical chest compression devices. The costing approach 

takes three time points to report budgets over: immediate deployment, 5 years and 10 years. Both chest 

compression devices will be used as inputs for the analysis with additional costing approaches considered. 

Expert referral was used to identify structured levels of demand across Wales with three scenarios being 

considered. The first approach looks to equip 22 rapid response vehicles (RRV) and train 136 clinical team 

leaders across Wales. This approach will expand on the 22 RRV approach to include either 6 or 9 rural 

stations, each with an average of 12 staff each. The detailed breakdown of the budget impact model is 

reported in appendix 9 and 10. The assumption surrounding usage levels is that 10 consumable items will 

be used per device each year. The immediate undiscounted deployment costs for the Autopulse device 

and LUCAS 3 device for the 22 RRV model amounts to £238,080 and £340,998 respectively.  

Expanding the coverage to include rural settings increases the initial outlay to £359,400 for the Autopulse 

device and £523,892 for the LUCAS 3. Longer horizon estimates include maintenance, consumables and 

top-up training, the Autopulse device budget impact estimate is £760,600 whilst the LUCAS 3 totals 

£921,992. It should be noted that contact with these suppliers has highlighted the possibility of NHS 

discounts and volume related packages as well as rental options. Required usage levels, deployment 

numbers and assumptions on specific costing components should be considered as well as a careful 

observation of appendix 9 and 10 when taking into account the budget impact findings. 

 

7. Organisational issues 

7.1. Training 

WAST has its own National Training College to provide regular professional development. This includes 

training for manual CPR, which is seen as essential to minimize chest compression pauses during 

deployment (Couper 2015). In Wales, the annual training on manual CPR is approximately two hours per 

candidate (Swinburn expert comment). 

Specific training is required for ambulance teams using mechanical chest compression devices. Gates et 

al. (2017) note that in the PARAMEDIC trial training was designed in accordance with manufacturer’s 
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guidance. As it was a pragmatic trial, a standard training process was used that would be used for any new 

technology being introduced into routine practice across NHS ambulance services. This preparation 

included access to online training resources and 1–2 hours of face-to-face training, updated annually. 

Training included hands-on device deployment practice with a resuscitation mannequin and emphasized 

the importance of rapid deployment with minimum interruptions in CPR. A competency checklist was 

completed before authorizing staff to deploy the LUCAS-2 device. Research paramedics reviewed all cases 

and provided feedback to individual staff as required. The rate of device use and reasons for non-use were 

fed back to participating services on a quarterly basis. However, only 60% of the patients randomized to 

receive the LUCAS-2 actually did so, for reasons including lack of training and crew error. This leads the 

authors to conclude that when mechanical CPR is used it requires initial and refresher training and ongoing 

quality assurance. Such more intense training and feedback was used in the CIRC trial for each treatment 

group. This trial reported higher survival to hospital discharge rates than in other trials, with 11% on manual 

and 9.4% on AutoPulse (Wik et al. 2014). 

ZOLL offers a service to teams using the AutoPulse, focused on CPR quality and improvement plans. This 

so-called Pathways initiative uses feedback from manual and automated CPR data to identify areas to 

focus further training and improve CPR skills (ZOLL expert comment). Stryker provide training for staff or 

training instructors. Training materials include an orientation guide, checklist, quick reference card, 

videos, questionnaire and a comprehensive instructors’ guidebook to facilitate optimal use of LUCAS 

(Stryker expert comment). 

EMRTS train their consultants, CCPs and transfer professionals when they join the service and this includes 

in the use of the LUCAS. They also receive regular simulation training, which may include use of the LUCAS. 

As the LUCAS is used regularly on the air ambulance there is not a substantial need for refresher training 

as skill fade is not deemed an issue compared to other interventions that are undertaken (Archer expert 

comment).  

A purported reason for the poorer survival to hospital discharge seen in the early AutoPulse trial (Hallstrom 

2006) was that there was a learning curve with the device and that perhaps manual CPR was of higher 

quality in the trial than in clinical practice. However, the survival pattern did not improve over the latter 

stages of the trial. 

 

7.2. Special populations 

At the outset of this appraisal it was queried whether there were certain types of patients in whom the 

mechanical chest compression devices might be more beneficial. 

 Professional guidelines 

The UK Resuscitation Guidelines (2015) state that mechanical chest compression devices are a reasonable 

alternative to high quality manual chest compressions in situations where sustained high quality manual 

chest compressions are impractical or compromise provider safety. The international consensus on CPR 

and emergency cardiovascular care science recommended against the routine use of automated 

mechanical chest compression devices (Hazinski 2015) but suggested they are a reasonable alternative in 

situations where sustained high-quality manual chest compressions are impractical. 

 

 Discussion in relation to the RCTs 

The authors of several RCTs discuss potential use of mechanical chest compression devices in certain 

circumstances. Couper et al. (2015) concluded mechanical CPR results in similar survival rates to manual 

CPR for OHCA, but note that observational data demonstrate the feasibility of using mechanical CPR when 

manual CPR is difficult or impossible and as a bridge to advanced therapies such as extracorporeal 
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membrane oxygenation. Gates et al. (2015) note that CPR in a moving ambulance is both difficult to do 

effectively, and represents a danger to the vehicle occupants. Only a small proportion of cardiac arrest 

patients conveyed to hospital with CPR ongoing (e.g. younger patients with refractory ventricular 

fibrillation (VF) arrest, or profound hypothermia) may benefit from in-hospital treatment that cannot be 

provided pre-hospital. In these patients, mechanical CPR may be beneficial. 

Conversely, patients not suitable for mechanical chest compression can be identified from these trials. In 

all the trials, a large proportion of patients were screened or randomized to a mechanical chest 

compression device but considered inappropriate for the trial, either due to their clinical condition or 

when the device would have been inappropriate (e.g. large patient size). In the LINC trial (Rubertsson et 

al. 2015) 42/1300 (3%) patients were excluded from the per protocol analysis because they were either 

too large or too small to be treated with LUCAS. In the PARAMEDIC trial, 638/1652 (38%) of the patients 

randomised to the LUCAS-2 group did not receive mechanical chest compressions.  Of these, 272 were for 

trial-related reasons in (crew not trained, crew error) and 256 were classified as normal clinical practice 

(patient unsuitable, size of patient, device issues). In 110 cases, the reason for non-use was not known. 

 

 Expert opinion 

The use of mechanical CPR varies among ambulance services in the UK and seems to be guided by clinical 

decision upon arrival at the scene of the emergency (Swinburn expert comment). An English expert stated 

the value in a moving ambulance when the patient requires ongoing CPR and gave example of overdose 

etc. The value of mechanical chest compression was also noted to enhance the “bandwidth” or thinking 

abilities of the attending clinicians, allowing consideration of other accompanying factors that contribute 

to better resuscitation delivery (Swinburn expert comment). Mechanical compression devices could also 

act as a bridge from prehospital care to specialist hospital services such as designated heart attack centres 

with percutaneous coronary intervention facilities (Edwards expert comment). 

Experts had different opinions about whether mechanical chest compression devices could be used by a 

solo responder. One expert stated that a team is required to place the device on the patient and manual 

compressions should be delivered in the meantime. However, the PARAMEDIC trial allowed the device to 

be used by ambulances and rapid response vehicles (solo responders). There was some indication of an 

interaction (p = 0.09), with a 30-day survival in rapid response vehicles of 7.5% on the LUCAS 2 vs 6.3% on 

manual CPR (OR = 1.2, 95% CI 0.81, 1.78). In ambulances, survival was 5.6% on LUCAS 2 and 7.7% on manual 

CPR (OR = 0.78, 95% CI 0.56, 1.06). The treatment differences were not significant for either sub-group. 

ZOLL (expert comment) states that AutoPulse is used internationally in solo responder vehicles (doctor 

cars and advanced paramedic vehicles). 

Bywater (expert comment) noted that mechanical CPR has worked well in urban areas in Scotland when 

time to definitive care is short. They are only used in urban areas where there are Paramedic Response 

Units crewed by staff who have received extended training in scene and crew resource management. In 

remote and rural areas, an “assets-based” approach9 is being developed that uses other local emergency 

services to complement ambulance service resources. Due to the nature of the length of journey in these 

rural areas mechanical CPR is unlikely to be of benefit to the patient, as the facilitation of transport to 

specific treatment is too long for these time critical patients. The exception would be profoundly 

hypothermic patients who may be transferred by air ambulance crews who use mechanical CPR. 

In Yorkshire, which includes cities and rural areas, 24 teams each operate a rapid response vehicle with 

an AutoPulse. They respond to confirmed cardiac arrests within 20 minutes of their location. There are 

                                            

9 Police and fire service co-response, first responders, BASICs Responders and advice from local emergency departments to aid 

clinical decision support (often in the form of termination in scene to avoid prolonged, and so futile, transfers of patients in 
cardiac arrest). 
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124 clinical supervisors trained to use the AutoPulse and their rotas are constructed so that there is always 

one supervisor in each team. The AutoPulse is only used if there is a need for ongoing resuscitation and/or 

conveyance. The teams have experienced very few issues when using the device under the direct 

instruction of their clinical supervisor. This has meant that the majority of the population is covered with 

24 devices and 124 specially trained staff (Millins expert comment). They trialled both devices and found 

little to choose between them (Millins expert comment). The LUCAS 2 system was slightly easier to apply 

whereas the AutoPulse was better when extracting a patient from a house. 

 

7.3. Value-based healthcare 

The British Heart Foundation and the UK Resuscitation Council has funded the OHCA Outcomes programme, 

which sought to determine the feasibility of setting up a national registry (Perkins 2015). This provides 

valuable outcome data up to hospital discharge that can be used to improve quality in ambulance services. 

It is essential that Wales contributes to the UK OHCA registry and any local data collection should be 

compatible with the OHCA registry. This may include data from both WAST and EMRTS with an aspiration 

to link to databases such as SAIL to allow evaluation of survival beyond hospital discharge. 

 

7.4. Organisational issues conclusions 

Some experts suggest that mechanical chest compression may be beneficial when ongoing transportation 

to hospital is required for definitive treatment within a relatively short timeframe. An individual paramedic 

would see very few such special cases and so issues of training and distribution across an ambulance service 

arise. Wales could consider limited use of the devices in specialist cardiac arrest responder services (e.g. 

EMRTS); those involved should receive advanced training, including in sedation (Perkins expert comment), 

with regular retraining and quality assurance mechanisms. This could be undertaken via the Yorkshire 

model ensuring that one highly trained supervisor is rostered on each team. 

 

8. Patient issues 

Quality of life information is reported in the RCTs, but these did not identify any differences between 

mechanical CPR and manual CPR. Other patient experiences have not been reported. One expert noted 

that mechanical devices are contraindicated in pregnancy in most systems. 
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9. Conclusions 

Meta-analyses of three recent, large, good quality RCTs and two smaller, older RCTs show consistent 

evidence that for treatment of OHCA, mechanical chest compression is no better than manual CPR given 

by trained ambulance services for a range of outcomes (ROSC, survival to hospital discharge or for 30 days). 

Despite different mechanisms of action this result is consistent for the two forms of device: the LUCAS® 2 

and the AutoPulse® System. A newer version of the LUCAS is available that enables data capture, but this 

has not been studied in trials and the modifications in design are not intended to affect its effectiveness. 

Some of the RCTs reported a small number of adverse events, mainly related to flail chest injuries, which 

are in accordance with those identified on the instructions for use. 

A cost utility analysis of LUCAS found that it is dominated by manual CPR (i.e. LUCAS is more costly and 

less effective). 

Some experts advocate for the use of mechanical CPR devices in special populations, particularly when 

transportation to definitive in-hospital treatment can be achieved in a relatively short timeframe. The 

number of cases in which this would be necessary is small and a cost-effective distribution of the devices 

could not be achieved amongst the entire ambulance service. Other operational models in the UK have 

limited roll out of devices to rapid response vehicles, with specially trained supervisors who are rostered 

to be on each emergency responder team. This is a model that could be relevant for Wales, but its clinical 

and cost effectiveness is unknown and so careful audit of such a service using the OHCAO registry is needed. 

 

10. Further research 

Audit is required of the use of the AutoPulse and LUCAS for treatment of OHCA in patients that require 

transportation to hospital for further treatment in a rapid response vehicles or air ambulance, using the 

OCHA registry and SAIL database to study 30-day survival, with subsequent evaluation of cost effectiveness. 
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11. Contributors 

The HTW staff and contract researchers involved in writing this report were:  

 K Facey – main author and systematic literature reviewer 

 B Coles - systematic literature review 

 M Callaghan - second abstract selection 

 T Winfield and B Sewell - economic appraisal. 

 

The HTW Assessment Group advised on methodology throughout the scoping and development of the 

report.  

 

The following experts provided comments on a draft of this report: 

 from UK Ambulance Services and universities  

- Tom Archer (Wales – EMRTS) 

- Tim Edwards (London) 

- Mark Millins (Yorkshire) 

- Gavin Perkins (Warwickshire University) 

- Thomas Quinn (Kingston University) 

- Steven Short/David Bywater (Scotland) 

- Andy Swinburn (Wales - WAST) 

 from manufacturers 

- Jolife AB (now part of Stryker) 

- ZOLL medical corporation. 

Their views were documented and actioned as appropriate. The views expressed in the final publication 

are those of HTW. 

 

Review period 

Two years after the date of publication, a high-level literature search will be undertaken to determine if 

there is new evidence that could alter the conclusions of this report. If so, the appraisal will be updated. 
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12. Glossary 

AED Automated external defibrillator 

CADTH Canadian Agency for Drugs and Therapeutics 

CE Conformité Européene   

(European regulatory classification for medical devices) 

CI Confidence interval 

CPR Cardiopulmonary resuscitation 

ED Emergency department 

EMRTS Emergency Medical Retrieval and Transfer Service  

FDA Food and Drug Administration 

HTA Health technology assessment 

HTW Health Technology Wales 

IV Inverse variance 

LDB Load distributing band 

LUCAS Lund University Cardiopulmonary Assistance System 

MAUDE Manufacturer And User facility Device Experience (FDA) 

MHRA Medicines and Healthcare products Regulatory Agency 

MI Multiple imputation 

NICE National Institute for Health and Care Excellence 

NIHR National Institute for Health Research 

OHCA Out-of-hospital cardiac arrest 

OR Odds ratio 

PICO Population – Intervention – Comparator – Outcomes 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

QALY Quality adjusted life years 

QOL Quality of life 

RCT Randomised controlled trial 

ROSC Return of spontaneous circulation 

SAIL  Secure Anonymised Information Linkage (Database) 

SE Standard error 

WAST Welsh Ambulance Services NHS Trust 

WHO World Health Organisation 

 

  

https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiV-vbrlL3XAhUD7IMKHXIOBg4QFggrMAA&url=https%3A%2F%2Fsaildatabank.com%2F&usg=AOvVaw32JKu-P_XmEMdPBk4RJTPq
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Appendix 1. Michigan Instruments devices 

Two mechanical chest compression devices are manufactured by Michigan Instruments. The manufacturer 

has not responded to email enquiries about their device and it is unclear whether they are used in the UK.  

The Thumper, Model 1007CC has an adjustable compression depth from 0-3.2” allowing treatment to be 

tuned to accommodate a wide range of patients.  

The Life-Stat CPR Device provides compression and ventilation. It allows compression depth, duration, and 

velocity to be controlled and comes in two different models delivering a compression rate of 100 or 120 

compressions per minute (Michigan Instruments 2017). 

 

Figure 1-1. Mechanical Chest Compression Devices Manufactured by Michigan Instruments 
(Reproduced from website image.) 

 

 

 

       Thumper, Model 1007CC                                Life-Stat CPR Device 

 

  

http://michiganinst.wpengine.com/automatic-mechanical-cpr-machines/the-thumper-mechanical-cpr-machine/
http://michiganinst.wpengine.com/automatic-mechanical-cpr-machines/life-stat-mechanical-cpr/
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Appendix 2. PICO framework 

P (population) Adults with out-of-hospital (non-traumatic) cardiac arrest treated by 

ambulance service  

- Sub-groups (special populations): 

 different settings (e.g. difficult to move – carrying down stairs, in 

helicopter etc) 

 cause of cardiac arrest (e.g. drowning) 

 solo vs two or more ambulance staff 

 refractory VF who may receive percutaneous coronary intervention 

vs those in pulseless electrical activity that do not fit the ROLE 

criteria 

 addition of inspiratory impedence threshold device (ITD) 

I (intervention) Mechanical chest compression  

- LUCAS™ Chest Compression System (various models) 

- AutoPulse®  Resuscitation System  

With consideration of setup e.g. control relay module, impedance 

threshold device, other care bundles 

C (comparator) Manual CPR by ambulance service 

O (outcomes) Clinical Effectiveness 

 Return of Spontaneous Circulation (ROSC) 

 Survival (4-hour, to hospital discharge, 30-day, 1-year) 

 Survival with good neurological outcome 

 Post discharge outcomes, including Quality of life 

Safety 

 Adverse events 

 Injuries resulting from chest compression 

Economics 

 hospital and ICU length of stay 

 resource use 

 EQ5D 

 

Training needs  Specific to each device  

 Manual CPR requires training according to UK resuscitation 

guidelines 
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Appendix 3 - PRISMA flow diagram outlining selection of papers for clinical and cost 

effectiveness (from 2015 – 2017) 
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Additional records identified through 

other sources (websites and experts) 

(n = 4) 

Records after duplicates removed# 

(n = 110) 

Records screened#  

(n = 110) 

Records excluded  

(n = 89) 

Full-text articles 

assessed for eligibility  

(n = 21) 

Papers included in Evidence Appraisal 

Report (n= 14)  

 3 HTA reports (NIHR, CADTH, MIB 

 4 SRs (1 from NIHR report) 

 3 Secondary analysis LINC 

 2 Secondary analysis CIRC 

 1 Secondary analysis PARAMEDIC 

 1 Cost effectiveness analysis (from 

NIHR report) 

Full-text articles excluded, with 

reasons (n = 7) 

 1 registry study 

 1 small, improper randomisation 

 2 clinical review 

 1 short version of larger paper 

 1 safety study – in hospital 

 1 RCT in meta-analysis 
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Appendix 4. Other systematic reviews 

Li (2016) studied out-of-hospital and in-hospital use of the devices separately. This included nine out-of-

hospital studies, which were stated to be RCTs. However, several were actually observational studies and 

one good quality RCT, by Wik et al. (2014), was not included. Furthermore, the authors entered data 

incorrectly (switching manual and mechanical CPR) (Perkins expert comment) and so the results are 

erroneous. Hence this meta-analysis is not considered further.  

Bonnes et al. (2016) only studied OHCA and found five RCTs studying either the LUCAS or AutoPulse system 

compared with manual CPR and 15 non-randomized studies (7 from conference abstracts), with a total of 

21,363 patients. It is not clear what the control was in the non-randomized studies as most appear to be 

single arm observational studies. The overarching conclusion from the meta-analyses was that the 

observational studies showed significant benefits for mechanical compression in terms of survival to 

hospital admission and out-of-hospital return of spontaneous circulation (ROSC), but these effects were 

not upheld in the large, well-performed RCTs, which showed no difference between mechanical and 

manual CPR for any outcome. 
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Appendix 5. Meta-analyses of secondary outcomes (Gates et al. 2017) 

Figure 5-1. Meta-Analysis of Return of Spontaneous Circulation10 

SE=standard error, IV=Inverse Variance, OR=Odds Ratio, CI=Confidence Interval 

 

Figure 5-2. Meta-Analysis of Survival with Good Neurological Outcome# 

# Cerebral Performance Category of 1 or 2 or Modified Rankin Scale of 0-3. 

 

Sustained ROSC to Emergency Department handover is not presented here as it was only studied in the 

trials with LUCAS devices and showed no difference between treatment groups OR=0.95 (95%CI 0.85, 1.07), 

p=0.78.  

                                            

10  
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Appendix 6. Additional analyses of the RCTs 

LINC Trial 

Rubertsson et al. (2015) reported two other analysis populations in accordance with the statistical 

analysis plan, to compare with the primary intention to treatment analysis that had included 2589 patients. 

The per protocol population excluded those who violated study inclusion criteria (e.g. resuscitation not 

appropriate, traumatic cardiac arrest, defibrillated before inclusion) and those who deviated severely from 

protocol (crossover to other treatment not due to clinical reasons). This excluded 128 patients in the 

LUCAS group and 91 patients in the manual CPR group. This per protocol analysis confirmed the primary 

intention to treat analysis and found no significant difference in 4-hour survival, with 23.8% alive in the 

mechanical CPR group and 23.5% in the manual CPR group. Likewise, there was no significant difference 

in any secondary outcome.  

The pre-defined population also excluded those for whom the ambulance dispatch time exceeded 12 

minutes, there was a non-witnessed cardiac arrest and cases where the LUCAS was not brought to the 

scene in the first instance. This excluded 605 patients in the LUCAS group and 632 patients in the manual 

CPR group, the majority due to non-witnessed cardiac arrest. In the pre-defined population, the 4-hour 

survival rate was higher, as would be expected by these exclusions, but there was no significant difference 

in 4-hour survival, with 31% alive in the mechanical CPR group and 33.9% alive in the manual CPR group 

(risk difference -2.88%, 95% CI -8.3, 2.6, p=0.31). There was no significant difference in any of the 

secondary outcomes. 

Esibov et al. (2015) reported a small sub-group analysis that appears to be post hoc. It studied the subset 

of patients for whom continuous electronic electrocardiogram and impedance recordings could be obtained 

(124 received LUCAS and 82 received manual CPR). In these patients the LUCAS group had a significantly 

higher fraction of time when chest compressions were administered and the duration of pauses for 

defibrillation was significantly shorter. The 4-hour survival was 31.5% on LUCAS and 26.8% on manual CPR, 

but this was not significant (p=0.48). 

Hardig et al. (2017) reported a post hoc sub-group analysis in patients with ventricular tachycardia (VT) 

or VF after initial manual chest compressions. The aim was to explore any correlation between outcome 

and timing of defibrillation (given that the LINC trial used a modified treatment algorithm with 

defibrillation attempt after 3 minutes instead of the usual 2 minutes). A retrospective review of clinical 

data found 375 patients had VT/VF as the first registered ECG rhythm in the LUCAS group and 383 in the 

manual CPR group. The time to first defibrillation and interval between defibrillations was longer in the 

mechanical CPR group (as may be expected by the treatment protocol). The outcomes were similar 

between these sub-groups, with 58% achieving ROSC in each group. Six-month survival with good 

neurological outcome was achieved by 25% in the LUCAS group and 23% in the manual CPR group (p=0.5). 

The number of defibrillations to achieve ROSC or adrenalin doses required did not differ. Thus, no 

difference was found for patients still in VF/VT after initial defibrillation.  

 

CIRC Trial 

Olsen et al. (2015b) reported a post-hoc sub-group analysis of patients with initial shockable rhythm and 

interpretable post shock rhythms: 417 patients on AutoPulse and 495 patients on manual CPR. This showed 

that for first shocks with AutoPulse, termination of fibrillation was associated with pre-shock pause 

duration but there was no association for the rate of return of organised rhythm. For manual CPR where 

no shocks were given during continuous chest compressions there were no such associations. 
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Appendix 7. Cost components associated with use of mechanical chest compression 

AutoPulse 

Device deployed  Notes Costs (in £) 

Device purchase cost  6,289 

Battery (2*492) 984  

Battery charger  1,107 

Quick Case backpack  380 

Maintenance/service  300 

Device total   9,060 

Training    

Initial training – delivered free of cost - 8 hours (4*2)  Based on a grade 6 

(8*45) 

360  

On-going training   

2 hours every 2 years 

(2*45) 90  

Training total   450  

Variable costs    

Lifeband - per use   79 

 

Appendix 8. Cost components associated with use of mechanical chest compression 

LUCAS 3 

Device deployed  Notes Costs (in £) 

Device purchase cost  9,760 

Battery (2*466) 932  

Battery charger  352 

Case (hardshell)  367 

Strap  65 

Back plate  260 

Maintenance/service (estimate)  300 

Instructions  24 

Device total   12,060 

Training    

Initial training – delivered free of cost - 8 hours (4*2)  Based on a grade 6 

(8*45) 

360  

On-going training   

2 hours every 2 years 

(2*45) 90  

Unit of training (class of 20 estimate) (5,856/20) 293 

Training total   743  

Variable costs    

Suction cup   78 
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Appendix 9. Budget impact model and scenarios for ZOLL Autopulse 

 Immediate 

deployment  

5 years 10 years 

22 units  – 126 people    

Device cost 192,720   

Training cost 45,360   

On-going training costs  22,680 56,700 

Maintenance   13,200 33,000 

Consumables   86,900 173,800 

Total 238,080 360,860 501,580 

28 units – 198 people    

Device cost 245,280   

Training cost 71,280   

On-going training costs  35,640 89,100 

Maintenance   16,800 42,000 

Consumables   110,600 221,200 

Total 316,560 479,600 668,860 

31 units – 244 people    

Device cost 271,560   

Training cost 87,840   

On-going training costs  43,920 109,800 

Maintenance   18,600 46,500 

Consumables   122,450 244,900 

Total 359,400 544,370 760,600 
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Appendix 10. Budget impact model and scenarios for LUCAS 3 

 Immediate 

deployment  

5 years 10 years 

22 units  – 126 people    

Device cost 258,720   

Training cost 82,278   

On-going training costs  22,680 56,700 

Maintenance   13,200 33,000 

Consumables   85,800 171,600 

Total 340,998 462,678 602,298 

28 units – 198 people    

Device cost 329,280   

Training cost 129,294   

On-going training costs  35,640 89,100 

Maintenance   16,800 42,000 

Consumables   109,200 218,400 

Total 458,574 620,214 808,074 

31 units – 244 people    

Device cost 364,560   

Training cost 159,332   

On-going training costs  43,920 109,800 

Maintenance   18,600 46,500 

Consumables   120,900 241,800 

Total 523,892 707,312 921,992 

 

*a 17.5% NHS discount was highlighted by the supplier – the 22 unit 126 person model would offer costs in order of 

time point of ( £289,261  £395,926  £520,531). 
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