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IMPORTANCE A strategy using mechanical chest compressions might improve the poor



outcome in out-of-hospital cardiac arrest, but such a strategy has not been tested in large clinical trials. OBJECTIVE To determine whether administering mechanical chest compressions with defibrillation during ongoing compressions (mechanical CPR), compared with manual cardiopulmonary resuscitation (manual CPR), according to guidelines, would improve 4-hour survival. DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial of 2589 patients with out-of-hospital cardiac arrest conducted between January 2008 and February 2013 in 4 Swedish, 1 British, and 1 Dutch ambulance services and their referring hospitals. Duration of follow-up was 6 months. INTERVENTIONS Patients were randomized to receive either mechanical chest compressions



(LUCAS Chest Compression System, Physio-Control/Jolife AB) combined with defibrillation during ongoing compressions (n = 1300) or to manual CPR according to guidelines (n = 1289). MAIN OUTCOMES AND MEASURES Four-hour survival, with secondary end points of survival up to 6 months with good neurological outcome using the Cerebral Performance Category (CPC) score. A CPC score of 1 or 2 was classified as a good outcome. RESULTS Four-hour survival was achieved in 307 patients (23.6%) with mechanical CPR and 305 (23.7%) with manual CPR (risk difference, –0.05%; 95% CI, –3.3% to 3.2%; P > .99). Survival with a CPC score of 1 or 2 occurred in 98 (7.5%) vs 82 (6.4%) (risk difference, 1.18%; 95% CI, –0.78% to 3.1%) at intensive care unit discharge, in 108 (8.3%) vs 100 (7.8%) (risk difference, 0.55%; 95% CI, –1.5% to 2.6%) at hospital discharge, in 105 (8.1%) vs 94 (7.3%) (risk difference, 0.78%; 95% CI, –1.3% to 2.8%) at 1 month, and in 110 (8.5%) vs 98 (7.6%) (risk difference, 0.86%; 95% CI, –1.2% to 3.0%) at 6 months with mechanical CPR and manual CPR, respectively. Among patients surviving at 6 months, 99% in the mechanical CPR group and 94% in the manual CPR group had CPC scores of 1 or 2. CONCLUSIONS AND RELEVANCE Among adults with out-of-hospital cardiac arrest, there was no significant difference in 4-hour survival between patients treated with the mechanical CPR algorithm or those treated with guideline-adherent manual CPR. The vast majority of survivors in both groups had good neurological outcomes by 6 months. In clinical practice, mechanical CPR using the presented algorithm did not result in improved effectiveness compared with manual CPR. TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00609778
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Mechanical Chest Compressions for OHCA



M



any factors affect the chances of survival after cardiac arrest, including early recognition of arrest, effective cardiopulmonary resuscitation (CPR) and defibrillation, and postresuscitation care. One important link is the delivery of high-quality chest compressions to achieve restoration of spontaneous circulation (ROSC).1-4 The effectiveness of manual chest compressions depends on the endurance and skills of rescuers, and manual compressions provide only approximately 30% of normal cardiac output.5,6 Manual CPR is also limited by prolonged hands-off time, and its CPC Cerebral Performance Category quality is particularly poor when it is administered CPR cardiopulmonary resuscitation during patient transport.7,8 ECG electrocardiogram Mechanical chest comEMS emergency medical services pression devices have ROSC restoration of spontaneous therefore been developed circulation to improve CPR. Experimental studies with the mechanical chest compression device used in this study have shown improved organ perfusion pressures, enhanced cerebral blood flow, and higher end-tidal CO2 compared with manual CPR, with the latter also supported by clinical data.9-11 This device sustains adequate circulation during percutaneous coronary intervention and has been used in cases of hypothermia/drowning.12,13 Two randomized pilot studies (N = 328 and N = 149) of outof-hospital cardiac arrest compared manual and mechanical chest compressions using this device and did not find any outcome differences.14,15 To date, there has been no evidence from large randomized trials about the effectiveness and safety of this mechanical device compared with manual CPR. The LINC (LUCAS in Cardiac Arrest) study was designed to evaluate the effectiveness and safety of an algorithm using mechanical chest compressions combined with defibrillation during ongoing compressions (mechanical CPR) compared with manual CPR according to guidelines.16,17 The rationale for this design of the algorithm with mechanical chest compressions was based on studies suggesting the importance of compressions before defibrillation and a minimal hands-off interval.4,18,19 The primary objective was to assess whether treatment with mechanical CPR would result in superior 4-hour survival in patients with out-of-hospital cardiac arrest compared with treatment with manual CPR. The LINC study was initiated by Uppsala University and sponsored by Physio-Control/Jolife AB. The study was approved by the regional ethical review board in Uppsala, Sweden, the research ethics committee in the United Kingdom, and the United Human Subjects Research Committees in the Netherlands. It was conducted in accordance with regulatory requirements, Good Clinical Practices, and the ethical principles of the Declaration of Helsinki. All survivors with sufficient mental capacity were given information about the study. If further participation was agreed on, written consent was obtained. If survivors did not have sufficient mental capacity, information was presented to family, who provided written consent if they decided to further participate. Consent was waived for included nonsurvivors by the ethical committees. E2



Methods Study Design and Algorithms This multicenter randomized clinical trial enrolled patients from January 2008 to August 2012 in 6 advanced life support emergency medical systems (EMS): Gävle, Malmö, Västerås, and Uppsala in Sweden, Utrecht in the Netherlands, and Dorset in the United Kingdom. Its protocol has been described in detail.17 For inclusion, patients had to be adults with unexpected out-of-hospital cardiac arrest for whom an attempt of resuscitation was considered appropriate. Exclusion criteria were traumatic cardiac arrest (including hanging), age younger than 18 years, known pregnancy, and a body size too large or small to fit the chest compression device. Patients undergoing defibrillation before the device arrived on scene and patients with crew-witnessed cardiac arrest who achieved ROSC after immediate defibrillation were not eligible for the study. The LUCAS Chest Compression System (Physio-Control/ Jolife AB) is a mechanical CPR device with an integrated suction cup designed to deliver compressions according to resuscitation guidelines. The device and a randomization envelope were placed on all ambulances and brought to all patients with dispatch codes of sudden cardiac arrest or unconsciousness and when called for by local guidelines.17 Enrollment was performed on scene immediately when the EMS recognized a cardiac arrest. Manual CPR was started and patients who met the eligibility criteria were immediately randomized in 1:1 balance using sealed opaque envelopes at the patient’s side. Patients randomized to the mechanical CPR algorithm (Figure 1) were immediately treated with manual chest compressions until the device was deployed. Mechanical compressions were initiated and continued for 3 minutes; first defibrillation shock was delivered during ongoing compressions, without pausing to check the heart rhythm, 90 seconds into the first 3-minute cycle. Heart rhythm was checked after each 3-minute cycle; if a shockable rhythm was observed, a new 3-minute cycle was started and a countershock was delivered after 90 seconds of compressions without pausing. If no shockable rhythm was observed, a 3-minute cycle without interruption started. Patients randomized to receive manual CPR were treated in accordance with the 2005 European Resuscitation Council guidelines.16 In both groups, ventilation and drugs were given according to guidelines.16 To ensure adherence to the study design, all EMS personnel were trained in both study algorithms before starting the study and were retrained every 6 months during the entire study period. For randomly chosen EMS personnel, skill level and adherence to the algorithms were evaluated using manikins by 2 supervisors visiting the sites once a year. Feedback of their skills was given by the supervisors.



Outcome Variables The primary outcome was 4-hour survival after successful ROSC. Secondary outcomes included ROSC defined as spontaneous palpable pulse, arrival to the emergency depart-
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Figure 1. Description of Study Intervention Algorithms Randomize during manual chest compressions



Mechanical CPR algorithm



Manual CPR algorithm



Apply the mechanical chest compression device with minimal interruptions to manual chest compressions



Follow guidelines16 for CPR; apply 2 min of manual compressions



Three min of mechanical compressions; first defibrillation after 90 s during ongoing mechanical compressions Stop for rhythm analysis



Stop for rhythm analysis



VF or VT



Asystole or PEA



VF or VT



Three min of mechanical compressions; first defibrillation after 90 s during ongoing mechanical compressions



Apply 3 min of mechanical compressions



Defibrillate



Asystole or PEA



Apply 2 min of manual compressions



Ventilation and medication were given according to guidelines16 in both groups. VF indicates ventricular fibrillation; VT, ventricular tachycardia; and PEA, pulseless electrical activity.



ment with a spontaneous palpable pulse, and survival with good neurological outcome to intensive care unit discharge, to hospital discharge, and at 1 and 6 months. Cerebral Performance Category (CPC) scores were used in survivors to define neurological outcome, with CPC scores of 1 or 2 indicating good outcome and CPC scores of 3 or 4 indicating poor outcome (Box).20 This was done by the on-site responsible nurse or physician who had access to the study documentation. Follow-up after hospital discharge was performed by telephone or visits to the clinic at 1 and 6 months after the cardiac arrest. To monitor the clinical safety of the device, adverse device events and serious adverse events were recorded by the EMS and hospital personnel for each individual patient. An interim analysis of the primary end point of 4-hour survival was performed during spring 2011 by an independent safety committee within the Scandinavian Society of Anaesthesiology and Intensive Care Medicine. The committee recommended continuing the study.



Postresuscitation Care Patients with ROSC were treated with mild hypothermia to 32°C to 34°C (89°F-93°F) for 24 hours, regardless of initial electocardiogram (ECG) rhythm, if no contraindications were present. Acute coronary angiography was considered during the first 48 hours and, if indicated, including ST-segment elevation on a 12-lead ECG, a percutaneous coronary intervention was performed.



Statistical Analysis Monitoring, database management, and all statistical analyses were coordinated independently by Uppsala Clinical Research Center, Uppsala, Sweden. All predefined analyses



Box. Cerebral Performance Category (CPC) Scale CPC 1: Full recovery or mild disability CPC 2: Moderate disability but independent in activities of daily living CPC 3: Severe disability; dependent in activities of daily living CPC 4: Persistent vegetative state CPC 5: Dead



were performed in accordance with the protocol on the intention-to-treat population, comprising all randomized patients except surviving patients who refused participation in the trial. All outcomes were analyzed using Wald 95% confidence intervals for the difference in proportions and a 2-sided Fisher exact test. Missing values were imputed as the worst outcome, as predefined, so that for the CPC end points patients lost to follow-up were analyzed as not being alive with CPC scores of 1 or 2. Statistical significance for the primary variable was defined as P < .048 in accordance with the interim analysis plan. It was assumed that in the manual CPR group, the proportion of 4-hour survival would be 25% and with mechanical CPR at least 31%. To detect the anticipated difference of at least 6% with a power of 90% in the final analysis, the study required a total of 2500 patients; ie,1250 patients in each treatment group in the intention-to-treat population. Further details of the group-sequential design and sample size calculation are described elsewhere.17 All statistical analyses were performed using SAS version 9.3, SAS Institute.
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Figure 2. Participant Flow 4998 Patients with out-of-hospital cardiac arrest assessed for eligibility 2405 Excludeda 1144 Dead 436 Organizational reasons 337 Defibrillated before arrival 192 Trauma 74 Device would not fit patient 66 Aged 
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