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Abstract- Introduction: Chest compression is the basic technique of cardiopulmonary resuscitation (CPR) in patients with 

cardiac arrest. The quality and early performance of CPR is critical to improve the prognosis and chances of restoring 

spontaneous blood flow. Today we have manual compressions and mechanical chest compression devices. Objective: The 

aim of this study is to clarify the importance of the LUCAS system (The Lund University Cardiac Arrest System) in CPR. 

Material and methods: A systematic review of the literature by mobilizing the descriptors "Cardiac Arrest", "Lucas Efficacy" 

and "nursing", using the methodological head. Ten conceivable databases were selected, between 2010-2020, and seven 

articles were included for analysis. Results and discussion: The results of the studies are different, as four of the studies 

indicate that LUCAS is fully effective, particularly in fatigue and transport, but two of them do not recognise its full 

effectiveness. One of the studies mentions that the fact that compression by the automatic device is effective does not 

necessarily reflect a better result. The vast majority of the studies recognise the need for further studies to make more 

convincing decisions. Conclusion: Mechanical chest compression devices can improve patient outcome if used 

appropriately in the event of cardiac arrest. The hemodynamic performance of the LUCAS compression-decompression 

system is, according to some results, better than manual CPR. However, the quality of the current evidence is not sufficient. 

Randomised studies are needed to evaluate the effect of mechanical chest compression devices on survival inside or outside 

the hospital. 
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I. INTRODUCTION 

ardiac arrest is an abrupt drop in heart activity that reduces the effective pumping of blood (Neumar et al., 2010). In the 

last 50 years, research has steadily improved cardiopulmonary resuscitation (CPR), but much remains to be done as 

survival rates remain low. The effectiveness of CPR depends on many factors, the most important being the speed and 

quality of the resuscitation procedure. All optimal parameters of such a procedure, such as time of execution, thoracic 

compression rate and thoracic compression rate, are given in the guidelines of American Heart Association (AHA) 

(Kleinman et al., 2015). Outside the hospital, cardiac arrest is the main cause of death and morbility (Nishiyama et al., 

2014). A key factor that improves survival is high quality CPR (Stiell et al., 2012; Idris et al., 2015). The quality of CPR in 
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ambulatory cardiac arrest is often suboptimal (Wik et al., 2005). Fatigue and the need to perform multiple tasks during 

cardiac arrest limit the quality of CPR. Cardiac arrest has a bleak prognosis, as usually only 5% of patients are discharged 

alive and without neurological problems after an out-of-hospital cardiac arrest (Aufderheide, et al., 2011). 

Mechanical chest compression devices provide compressions of standard depth and frequency over long periods of time 

without loss of quality and spare professionals from performing chest compressions manually, allowing them to focus on 

other aspects of patient care (Couper et al., 2015). The LUCAS device is a mechanical system for compression and 

decompression of the thorax that allows automated and continuous closed compression of the thorax without unduly 

restricting other invasive procedures (Agostini et al., 2008; Smekal et al., 2009; Wagner et al., 2010). Automated CPR 

devices have been developed to address some of the problems that reduce the effectiveness of manual CPR. The first of 

these problems, probably the most important, is the fatigue experienced by rescuers during CPR. In fact, the human thorax 

has a thick cushion that dissipates some of the energy applied during massage, so the rescuer must provide energy 

continuously (Wik et al., 2005; Idris et al., 2015). Over time, fatigue sets in and reduces the effectiveness of the massage 

(Riley et al., 2011; Perkins et al., 2012; Brooks et al., 2014). As a result, rescuers must change frequently, which interrupts 

the massage and further reduces the effectiveness of resuscitation (Hewitt et al., 2006).  

However, since there is no evidence that automatic devices improve the outcome of CPR, AHA does not advocate their 

routine use. Nevertheless, such devices are a viable alternative when high-quality manual compression is challenging or 

dangerous for the provider (Nishiyama et al., 2014). 

In this article, the different results of other articles will be analysed to verify the actual effectiveness of automatic CPR 

devices, in this case LUCAS. 

 

 

II. MATERIALS AND METHODS     

A systematic review of the literature is one of the research methods used in the practice of evidence-based research, and its 

purpose is to collect and summarize research findings on a particular topic in a systematic and orderly manner, thereby 

contributing to knowledge about the topic (Mendes et al., 2008; Benefield, 2003). The method used was based on the 

strategy PICO (acronym for patient, intervention, comparison and "outcomes"). In this way, it maximizes the inclusion of 

relevant information in different databases, focusing on the research object and avoiding unnecessary searches (Santos, 

Pimenta e Nobre, 2007). 

In strict compliance with all the steps required for the application of this method, a protocol was developed between May 

and September 2020 to identify studies of interest for this work, consisting of searches in the search engines: Ebsco and B-

ONline, and in the following databases: CINAHL Plus, PubMed/ MEDLINE, LILACS, Scielo, Web of Science, 

ScienceDirect and Repository of Scientific Open Access of Portugal. 

A search strategy using the following descriptors was used to identify relevant studies: Cardiac arrest AND Lucas Efficacy 

AND Nursing. After all these protocol requirements were met, some articles that did not meet the requirements were 

discarded and a reductive procedure was methodically developed. 

 

 

III. RESULTS 

It was selected for the study nine articles that follow in Table 1. 

Table 1: Description of selected studies and main results of investigations 
Study (S) Author(s)/ Year Main Results 

 

S1: “Automatic and 

manual devices for 

cardiopulmonary 

resuscitation: A 

review” 

 

Carlo Remino, Manuela 

Baronio, Nicola Pellegrini, 

2018 

-It was found that almost all studies and meta-analyses could not demonstrate that chest 

compressions administered with automatic devices are more effective than those 

administered manually. 

-However, advances in clinical research and technology and a better understanding of 

organisational proposals for their use are leading to a continuous improvement in the 

effectiveness of such devices. 

 

S2: “Mechanical CPR: 

Who? When? How?” 

Kurtis Poole, Keith Couper, 

Michael A. Smyth, Joyce 

Yeung, Gavin D. Perkins, 

2018 

-It has been verified that the provision of high quality CPR is a key modifiable factor in 

cardiac arrest survival.  

-It has been established that mechanical chest compression devices consistently provide 

high quality chest compressions, but this does not lead to better patient outcomes.  
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-The use of mechanical devices in certain circumstances (e.g. ambulance or helicopter 

transport) where high quality chest compression cannot be safely performed may be a 

rational strategy. 

-Further studies are needed to evaluate the routine use of mechanical devices in CPR. 

 

S3: “The Efficacy of 

LUCAS in Prehospital 

Cardiac Arrest 

Scenarios: A Crossover 

Mannequin Study” 

 

Robert A. Gyory, Scott E. 

Buchle, David Rodgers, 

Jeffrey S. Lubin, 2017 

-This study provided LUCAS with more consistent chest compressions without causing 

delays in critical resuscitation tasks such as defibrillation.  

-In addition, LUCAS scenarios reduced the overall time for hands, which would lead to 

maintaining adequate perfusion pressure and possibly better overall outcomes for the 

patient. 

S4: “Mechanical chest 

compression devices at 

in-hospital cardiac 

arrest: A systematic 

review and meta-

analysis” 

 

Keith Couper, Joyce Yeung, 

Thomas Nicholson, Tom 

Quinn, Ranjit Lall, Gavin D 

Perkins, 2016 

-Study concludes that mechanical chest compression devices can improve the patient's 

outcome when used in hospitalised cardiac arrest.  

-However, the quality of the current evidence is very poor.  

-There is a need for randomised studies to investigate the effect of mechanical chest 

compression devices on survival in hospital cardiac arrest. 

S5: “Mechanical versus 

manual chest 

compression for out-of-

hospital cardiac arrest 

(PARAMEDIC): a 

pragmatic, cluster 

randomised controlled 

trial” 

 

Gavin D Perkins,  

Ranjit Lall, Tom Quinn, 

Charles D Deakin, Matthew 

W Cooke, 

Jessica Horton, 

et al., 2015 

 

-Study compared the group using chest compressions with the use of LUCAS and another 

group with the use of manual compressions.  

In this study, seven clinical adverse events were reported in the LUCAS group (three 

patients with chest bruising, two with chest lacerations and two with blood in the mouth) 

and 15 incidents with the device occurred during surgical use.  

-No adverse or serious adverse events were reported in the manual group. 

There was no evidence of an improvement in the 30-day survival rate with LUCAS 

compared to manual compressions.  

-Based on other recent randomised studies, the widespread introduction of mechanical 

CPR equipment for routine use has not resulted in an improvement in survival. 

 

S6: “The Study 

Protocol for the LINC 

(LUCAS in Cardiac 

Arrest) Study: a study 

comparing conventional 

adult out-of-hospital 

cardiopulmonary 

resuscitation with a 

concept with 

mechanical chest 

compressions and 

simultaneous 

defibrillation” 

 

Sten Rubertsson, Johan 

Silfverstolpe, Liselott Rehn, 

Thomas Nyman, Rob 

Lichtveld, Rene Boomars, 

Wendy Bruins, et al., 2013. 

 

-Study shows that the primary endpoint is the four-hour survival rate after triumphant 

restoration of spontaneous circulation. 

-The safety aspect is further assessed by postmortem examinations in 300 patients who 

may have been injured by CPR. 

-It was concluded that this study will contribute to the evaluation of mechanical chest 

compression during CPR and in particular to the efficacy and safety of the LUCAS 

device, as it will function correctly when used in conjunction with defibrillation during 

ongoing CPR. 

  

S7: “Use of the LUCAS 

mechanical chest 

compression device for 

percutaneous coronary 

intervention during 

cardiac arrest: is it 

really a game changer?” 

 

 

G Biondi-Zoccai, G 

Landoni, A Zangrillo, P 

Agostoni, G Sangiorgi, M G 

Modena, 2011 

 

-It has been verified that cardiopulmonary support, including chest compression, is a 

major support in the treatment of cardiac arrest.  

-However, chest compression by traditional means can be challenging, especially in 

patients requiring urgent invasive procedures such as percutaneous coronary intervention 

for cardiac arrest due to acute myocardial infarction.  

-The LUCAS mechanical chest compression device provides external and automated 

chest compression, enabling even complex invasive procedures without interrupting 

cardiopulmonary support.  

-However, no randomized study has yet demonstrated its benefit compared to standard 

manual chest compression, and to date only observational studies and consensus opinions 

support its clinical use. 

 

 
 

IV. DISCUSSION 

The survival rate without any neurological consequences of cardiac arrest is determined not only by early detection but also 

by high-quality cardiopulmonary resuscitation. Since the effectiveness of manual CPR is usually impaired by rescuers' 

fatigue, devices have been developed to improve it through equipment or ergonomic solutions. However, it is assumed that 

some devices completely replace manual resuscitation, either by unleashing its effects or by generating hemodynamic 
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effects with completely different working principles. This article provides an overview of such devices, both manual and 

automatic. They are mainly classified by method of actuation, applied force, working space and positioning time (Remino 

et al., 2018). These facts are consistent with all studies, especially with the S2, S5 and S6 studies. 

The hemodynamic performance of the LUCAS compression-decompression system is better than that of manual CPR, 

according to the results of studies S3, S4, S6 and S7. The data from this study confirm data from the literature on the same 

subject. According to current knowledge, automated systems for external cardiac massage provide hemodynamic benefits 

thanks to the quality of the massage and ensure better cerebral and myocardial perfusion over a longer period of time. 

However, although the benefit to physiological data has been demonstrated, no human studies have clearly shown that 

automated systems improve survival, neurological prognosis or ROSC percentage, as the S2 study shows (Gates et al., 

2012). Prolonged cardiac massage is still the only indication for the use of these devices. Achieving optimal hemodynamic 

parameters is also essential to achieve the best possible tissue perfusion in the event of transplantation in cardiac arrest or 

the decision to initiate circulatory support during chronography (Fox et al., 2013). Automatic devices do not fatigue at all 

and can continue to massage during defibrillation or other necessary surgery (Libungan et al., 2014). In addition, if a strict 

stretcher is used during the transport of the patient from the accident site to the ambulance, the massage can continue 

uninterrupted, as described in the S2 and S3 studies. The LUCAS device does not fatigue or interrupt the compressions, and 

it provides uniform depth and rate of chest compressions. Of course, it gives a provider the freedom to perform other 

treatments and it provides improved patient access. The patient can be safely moved and transported while undergoing CPR. 

Defibrillation can be performed while the device is in operation. 

In the literature there are some references to the poor quality of chest compression (Kampmeier et al., 2014). Consequently, 

chest compression is as crucial as alerting the emergency services or early defibrillation in the survival chain. According to 

the guidelines, chest compressions must be performed continuously in order to improve the outcome, according to the 

reviewers of all studies. However, the effectiveness of manual chest compression decreases over time with provider fatigue 

(which appears to be trapped by the minutes of the start of the procedure) and is compromised during transport, exposing 

patients to unexpected interruptions and a deterioration in the quality of the massage in terms of strength and rhythm 

(Walcott et al., 2007). These facts are confirmed by studies S2 and E7, which found that the quality of chest compressions 

is impaired during transport, e.g. in an ambulance or helicopter. It has been reported that the effectiveness of manual chest 

compression decreases by 20% per minute (Ock et al., 2011, Blomberg et al., 2011). Mechanical chest compression 

overcomes this problem of operator fatigue by ensuring continuous effectiveness in both qualitative and quantitative terms, 

as it mentions S5 and S1. 

Complications induced by manual CPR have been reported in the literature, including cardiac rupture, aortic and vena cava 

injuries, esophageal rupture, rupture of solid organs and multiple rib fractures. However, there are few robust 

methodological studies that compare the actual complication rates of CPR methods. Deras et al (2014) concluded that the 

injuries seen with LUCAS appear to be of the same variety and incidence as those seen with manual CPR, as described in 

study S5. Regardless of the type of CPR performed, it is critical that the compressions are applied in the correct anatomical 

location and that their application requires consistent and careful monitoring (Bonnemeier et al., 2008; Smekal et al., 2009). 

Even if the compressions are applied correctly, the complication potential of manual and automated CPR is real, as 

developed in S2, S3, S4, S6 and S7. However, it should not be forgotten that the last complication has already occurred in 

these patients, and we have a duty to provide all patients with the care that offers them the highest chance of survival. This 

risk-benefit ratio is of crucial importance to readers (Steen et al. 2002; Matsuura et al., 2008; Yannopoulos et al., 2014). 

The results of the studies are mixed, with four of them stating that LUCAS is fully effective, particularly in fatigue and 

transport, but two of them do not recognize its full effectiveness. One of the studies mentions that the fact that compression 

by the automatic device is effective does not necessarily reflect a better result. The vast majority of studies recognize the 

need for further studies (particularly S2, S4 and S7) to make more convincing decisions. 

 

 

V. CONCLUSION 

With regards the results of the studies analysed, it should be noted that there are data in these studies that show that LUCAS 

is very effective in cardiac compressions either before or during hospitalisation, in the patient's results, and that the device 

is safe for the patient and does not cause undue serious injury to the patient. On the other hand, there are studies that point 

out as disadvantages of the use of LUCAS. 

Automatic devices deliver compressions at a more consistent rate and depth than manual compressions. However, AHA 

does not recommend the routine use of automatic devices, as there is no evidence that they achieve a better result than 
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manual massage. Automated devices must be applied to the patient and this requires time, especially if personnel are not 

familiar with the device and not properly trained. There is a knowledge curve to overcome and the performance of a 

resuscitation team habitually improves over time with practice and regular training. However, as there is not enough data 

on real patients, this area is obviously ripe for future work. 

A conclusion section is not required. Although a conclusion may review the main points of the paper, do not replicate the 

abstract as the conclusion. A conclusion might elaborate on the importance of the work or suggest applications and 

extensions.  
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