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1 Highlights
Summary of Key Issues and Major Changes
Conventional CPR consisting of manual chest compressions interspersed with rescue breaths is inherently
inefficient with respect to generating significant cardiac output. A variety of alternatives and adjuncts to
conventional CPR have been developed with the aim of enhancing cardiac output resuscitation from cardiac
arrest. Since the 2010 Guidelines were published, a number of clinical trials have provided new data on the
effectiveness of these alternatives.
Compared with conventional CPR, many of these techniques and devices require specialized equipment and
training. When rescuers or healthcare systems are considering implementation, it must be noted that some
techniques and devices have been tested only in highly selected subgroups of cardiac arrest patients.
The routine use of the impedance threshold device (ITD) as an adjunct to conventional CPR is not
recommended.
A recent randomized controlled trial suggests that the use of the ITD plus active compressiondecompression CPR is associated with improved neurologically intact survival for patients with OHCA.
The routine use of mechanical chest compression devices is not recommended, but special settings where
this technology may be useful are identified.
The use of ECPR may be considered for selected patients in settings where a reversible cause of cardiac
arrest is suspected.
Impedance Threshold Devices
2015 (Updated): The routine use of the ITD as an adjunct during conventional CPR is not recommended. The
combination of ITD with active compression-decompression CPR may be a reasonable alternative to
conventional CPR in settings with available equipment and properly trained personnel.
2010 (Old): The use of the ITD may be considered by trained personnel as a CPR adjunct in adult cardiac
arrest.
Why: Two large randomized controlled trials have provided new information about the use of the ITD in OHCA.
One large multicenter randomized clinical trial failed to demonstrate any improvement associated with the use of
an ITD (compared with a sham device) as an adjunct to conventional CPR. Another clinical trial demonstrated a
benefit with the use of active compression-decompression CPR plus an ITD when compared with conventional
CPR and no ITD. However, confidence intervals around the primary outcome point estimate were very broad,
and there is a high risk of bias on the basis of co-intervention (the group receiving active compressiondecompression CPR plus the ITD also had CPR delivered using CPR quality feedback devices, while the control
arm did not have the use of such feedback devices).
Mechanical Chest Compression Devices
2015 (Updated): The evidence does not demonstrate a benefit with the use of mechanical piston devices for
chest compressions versus manual chest compressions in patients with cardiac arrest. Manual chest
compressions remain the standard of care for the treatment of cardiac arrest. However, such a device may be a
reasonable alternative to conventional CPR in specific settings where the delivery of high-quality manual
compressions may be challenging or dangerous for the provider (eg, limited rescuers available, prolonged CPR,
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CPR during hypothermic cardiac arrest, CPR in a moving ambulance, CPR in the angiography suite, CPR during
preparation for ECPR).
2010 (Old): Mechanical piston devices may be considered for use by properly trained personnel in specific
settings for the treatment of adult cardiac arrest in circumstances (e.g., during diagnostic and interventional
procedures) that make manual resuscitation difficult. The load-distributing band may be considered for use by
properly trained personnel in specific settings for the treatment of cardiac arrest.
Why: Three large randomized controlled trials comparing mechanical chest compression devices have not
demonstrated improved outcomes for patients with OHCA when compared with manual chest compressions. For
this reason, manual chest compressions remain the standard of care.
Extracorporeal Techniques and Invasive Perfusion Devices
2015 (Updated): ECPR may be considered an alternative to conventional CPR for select patients who have a
cardiac arrest and for whom the suspected etiology of the cardiac arrest is potentially reversible.
2010 (Old): There was insufficient evidence to recommend the routine use of ECPR for patients in cardiac
arrest. However, in settings where ECPR is readily available, it may be considered when the time without blood
flow is brief and the condition leading to the cardiac arrest is reversible (e.g., accidental hypothermia, drug
intoxication) or amenable to heart transplantation (e.g., myocarditis) or revascularization (eg, acute myocardial
infarction).
Why: The term extracorporeal CPR is used to describe the initiation of extracorporeal circulation and
oxygenation during the resuscitation of a patient in cardiac arrest. ECPR involves the emergency cannulation of
a large vein and artery (e.g., femoral vessels). The goal of ECPR is to support patients in cardiac arrest while
potentially reversible conditions are treated. ECPR is a complex process that requires a highly trained team,
specialized equipment, and multidisciplinary support within the local healthcare system. There are no clinical
trials on ECPR, and available published series have used rigorous inclusion and exclusion criteria to select
patients for ECPR. Although these inclusion criteria are highly variable, most included only patients aged 18 to
75 years with limited comorbidities, with arrest of cardiac origin, after conventional CPR for more than 10
minutes without ROSC. These inclusion criteria should be considered in a provider’s selection of potential
candidates for ECPR.
2 Introduction - Updated
These Web-based Integrated Guidelines incorporate the relevant recommendations from 2010 and the new or
updated recommendations from 2015.
Conventional cardiopulmonary resuscitation (CPR) consisting of manual chest compressions with rescue breaths
is inherently inefficient with respect to generating cardiac output. A variety of alternatives and adjuncts to
conventional CPR have been developed, with the aim of enhancing perfusion during resuscitation from cardiac
arrest. Since the publication of the 2010 American Heart Association (AHA) Guidelines for CPR and Emergency
Cardiovascular Care (ECC), a number of clinical trials have provided additional data on the effectiveness of
these alternatives and adjuncts. Compared with conventional CPR, many of these techniques and devices
require specialized equipment and training. Some have only been tested in highly selected subgroups of cardiac
arrest patients; this context must be considered when rescuers or healthcare systems are considering
implementation.
The 2010 Guidelines add these cautions:
2.1 Methodology - Updated
The updated or new recommendations in the 2015 AHA Guidelines Update for CPR and ECC are based on an
extensive evidence review process that was begun by the International Liaison Committee on Resuscitation
(ILCOR) after the publication of the ILCOR 2010 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations 1, 2 and was completed in February
2015. 3 ,4
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In this in-depth evidence review process, the ILCOR Advanced Life Support (ALS) Task Force examined topics
and then generated a prioritized list of questions for systematic review. Questions were first formulated in PICO
(population, intervention, comparator, outcome) format, 5 search strategies and criteria for inclusion and
exclusion of articles were defined, and then a search for relevant articles was performed. The evidence was
evaluated by the ILCOR ALS Task Force by using the standardized methodological approach proposed by the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Working Group. 6
The quality of the evidence was categorized based on the study methodologies and the 5 core GRADE domains
of risk of bias, inconsistency, indirectness, imprecision, and other considerations (including publication bias).
Then, where possible, consensus-based treatment recommendations were created.
To create the 2015 AHA Guidelines Update for CPR and ECC, the AHA formed 15 writing groups, with careful
attention to manage conflicts of interest, to assess the ILCOR treatment recommendations, and to write AHA
Guidelines and treatment recommendations by using the AHA Class of Recommendation and Level of Evidence
(LOE) system. The recommendations made in the 2015 AHA Guidelines Update for CPR and ECC are informed
by the ILCOR recommendations and GRADE classification, in the context of the delivery of medical care in North
America. Throughout the online version of this publication, live links are provided so the reader can connect
directly to the systematic reviews on the ILCOR Scientific Evidence Evaluation and Review System (SEERS)
website. These links are indicated by a superscript combination of letters and numbers (eg, ALS 579). We
encourage readers to use the links and review the evidence and appendixes, such as the GRADE tables. For
further information, please see Part 2 of this supplement, “Evidence Evaluation and Management of Conflicts of
Interest.”
The following CPR techniques and devices were last reviewed in 2010 1, 2 : open-chest CPR, interposed
abdominal compression, “cough” CPR, prone CPR, precordial thump, percussion pacing, and devices to assist
ventilation. The reader is referred to the 2010 Guidelines for details of those recommendations. A listing of all of
the recommendations in this 2015 Guidelines Update and the recommendations from “Part 7: CPR Techniques
and Devices” of the 2010 Guidelines can be found in the Appendix. The 2010 recommendations are included
below in this Web-based Integrated Guideline document.
3 CPR Techniques
3.1 Open-Chest CPR
In open-chest CPR the heart is accessed through a thoracotomy (typically created through the 5th left intercostal
space) and compression is performed using the thumb and fingers, or with the palm and extended fingers
against the sternum. Use of this technique generates forward blood flow and coronary perfusion pressure that
typically exceed those generated by closed chest compressions.
There are few human studies comparing open-chest CPR to conventional CPR in cardiac arrest and no
prospective randomized trials. Several studies of open-chest CPR have demonstrated improved coronary
perfusion pressure and/or return of spontaneous circulation (ROSC) for both the in-hospital (eg, following cardiac
surgery) 7 - 9 and out-of-hospital environments. 10 - 13
Several small case series of cardiac arrest patients treated with thoracotomy and open-chest CPR after blunt
15 or penetrating trauma 15 - 17 reported survivors with mild or no neurological deficit.
There is insufficient evidence of benefit or harm to recommend the routine use of open-chest CPR.
However, open-chest CPR can be useful if cardiac arrest develops during surgery when the chest or
abdomen is already open, or in the early postoperative period after cardiothoracic surgery.
(Class IIa, LOE C2)

A resuscitative thoracotomy to facilitate open-chest CPR may be considered in very select
circumstances of adults and children with out-of-hospital cardiac arrest from penetrating trauma with
short transport times to a trauma facility. 18 , 19 (Class IIb, LOE C)

14,
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3.2 Interposed Abdominal Compression-CPR
The interposed abdominal compression (IAC)-CPR is a 3-rescuer technique (an abdominal compressor plus the
chest compressor and the rescuer providing ventilations) that includes conventional chest compressions
combined with alternating abdominal compressions. The dedicated rescuer who provides manual abdominal
compressions will compress the abdomen midway between the xiphoid and the umbilicus during the relaxation
phase of chest compression. Hand position, depth, rhythm, and rate of abdominal compressions are similar to
those for chest compressions and the force required is similar to that used to palpate the abdominal aorta. In
most reports, an endotracheal tube is placed before or shortly after initiation of IAC-CPR. IAC-CPR increases
diastolic aortic pressure and venous return, resulting in improved coronary perfusion pressure and blood flow to
other vital organs.
In 2 randomized in-hospital trials, IAC-CPR performed by trained rescuers improved short-term survival 20 and
survival to hospital discharge 21 compared with conventional CPR for adult cardiac arrest. The data from these
studies were combined in 2 positive meta-analyses. 22,23 However, 1 randomized controlled trial of adult out-ofhospital cardiac arrest 24 did not show any survival advantage to IAC-CPR. Although there were no complications
reported in adults, 22 1 pediatric case report 25 documented traumatic pancreatitis following IAC-CPR.
IAC-CPR may be considered during in-hospital resuscitation when sufficient personnel trained in its use
are available. (Class IIb, LOE B)
There is insufficient evidence to recommend for or against the use of IAC-CPR in the out-of-hospital setting or in
children.
3.3 “Cough” CPR
“Cough” CPR describes the use of forceful voluntary coughs every 1 to 3 seconds in conscious patients shortly
after the onset of a witnessed nonperfusing cardiac rhythm in a controlled environment such as the cardiac
catheterization laboratory. Coughing episodically increases the intrathoracic pressure and can generate systemic
blood pressures higher than those usually generated by conventional chest compressions, 26,27 allowing patients
to maintain consciousness 26 - 29 for a brief arrhythmic interval (up to 92 seconds documented in humans). 28
“Cough” CPR has been reported exclusively in awake, monitored patients (predominantly in the cardiac
catheterization laboratory) when arrhythmic cardiac arrest can be anticipated, the patient remains conscious and
can be instructed before and coached during the event, and cardiac activity can be promptly restored. 26 - 36
However, not all victims are able to produce hemodynamically effective coughs. 30
“Cough” CPR is not useful for unresponsive victims and should not be taught to lay rescuers. “Cough”
CPR may be considered in settings such as the cardiac catheterization laboratory for conscious, supine,
and monitored patients if the patient can be instructed and coached to cough forcefully every 1 to 3
seconds during the initial seconds of an arrhythmic cardiac arrest. It should not delay definitive
treatment. (Class IIb, LOE C)

3.4 Prone CPR
When the patient cannot be placed in the supine position, it may be reasonable for rescuers to provide
CPR with the patient in the prone position, particularly in hospitalized patients with an advanced airway
in place. 37 - 40 (Class IIb, LOE C)

3.5 Precordial Thump
A precordial thump has been reported to convert ventricular tachyarrhythmias in 1 study with concurrent controls,
41 single-patient case reports, and small case series. 42 - 46 However, 2 larger case series found that the
precordial thump was ineffective in 79 (98.8%) of 80 cases 47 and in 153 (98.7%) of 155 cases of malignant
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ventricular arrhythmias. 48 Case reports and case series 49 - 51 have documented complications associated with
precordial thump including sternal fracture, osteomyelitis, stroke, and triggering of malignant arrhythmias in
adults and children.
The precordial thump should not be used for unwitnessed out-of-hospital cardiac arrest.
(Class III, LOE C)

The precordial thump may be considered for patients with witnessed, monitored, unstable ventricular
tachycardia including pulseless VT if a defibrillator is not immediately ready for use, but it should not
delay CPR and shock delivery. (Class IIb, LOE C)

There is insufficient evidence to recommend for or against the use of the precordial thump for witnessed onset of
asystole.
3.6 Percussion Pacing
Percussion (eg, fist) pacing refers to the use of regular, rhythmic and forceful percussion of the chest with the
rescuer’s fist in an attempt to pace the myocardium. There is little evidence supporting fist or percussion pacing
in cardiac arrest based on 6 single-patient case reports 52 - 57 and a moderate-sized case series. 58 There is
insufficient evidence to recommend percussion pacing during typical attempted resuscitation from cardiac arrest.
4 CPR Devices - Updated
4.1 Devices to Assist Ventilation
4.1.1 Automatic and Mechanical Transport Ventilators
4.1.1.1 Automatic Transport Ventilators
There are very few studies evaluating the use of automatic transport ventilators (ATVs) during attempted
resuscitation in patients with endotracheal intubation.
During prolonged resuscitation efforts, the use of an ATV (pneumatically powered and time- or pressurecycled) may provide ventilation and oxygenation similar to that possible with the use of a manual
resuscitation bag, while allowing the Emergency Medical Services (EMS) team to perform other tasks. 59 ,
60 (Class IIb, LOE C)

Disadvantages of ATVs include the need for an oxygen source and a power source. Thus, providers should
always have a bag-mask device available for manual backup. For additional information regarding support of
airway and ventilation in the adult, see “Part 7:Adult Advanced Cardiovascular Life Support.”
4.1.1.2 Manually Triggered, Oxygen-Powered, Flow-Limited Resuscitators
In a study of 104 anesthetized nonarrest patients without an advanced airway in place (ie, no endotracheal tube;
patients were ventilated through a mask), patients ventilated by firefighters with manually triggered, oxygenpowered, flow-limited resuscitators had less gastric inflation than those ventilated with a bag-mask device. 61
Manually triggered, oxygen-powered, flow-limited resuscitators may be considered for the management
of patients who do not have an advanced airway in place and for whom a mask is being used for
ventilation during CPR. (Class IIb, LOE C)
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Rescuers should avoid using the automatic mode of the oxygen-powered, flow-limited resuscitator
during CPR because it may generate high positive end-expiratory pressure (PEEP) that may impede
venous return during chest compressions and compromise forward blood flow. 62 (Class III, LOE C)

4.2 Devices to Support Circulation - Updated
4.2.1 Active Compression-Decompression CPR
Active compression-decompression CPR (ACD-CPR) is performed with a device that includes a suction cup to
actively lift the anterior chest during decompression. The application of external negative suction during the
decompression phase of CPR creates negative intrathoracic pressure and thus potentially enhances venous
return to the heart. When used, the device is positioned at midsternum on the chest.
Results from the use of ACD-CPR have been mixed. In several studies 63 - 68 ACD-CPR improved ROSC and
short-term survival compared with conventional CPR. Of these studies, 3 showed improvement in neurologically
intact survival. 63, 66,67 In contrast, 1 Cochrane meta-analysis of 10 studies involving both in-hospital arrest (826
patients) and out-of-hospital arrest (4162 patients) 69 and several other controlled trials 70 - 76 comparing ACDCPR to conventional CPR showed no difference in ROSC or survival. The meta-analysis 69 did not find any
increase in ACD-CPR–related complications.
There is insufficient evidence to recommend for or against the routine use of ACD-CPR. ACD-CPR may
be considered for use when providers are adequately trained and monitored. (Class IIb, LOE B)

4.2.2 Phased Thoracic-Abdominal Compression-Decompression CPR With a Handheld Device
Phased thoracic-abdominal compression-decompression CPR (PTACD-CPR) combines the concepts of IACCPR and ACD-CPR. A handheld device alternates chest compression and abdominal decompression with chest
decompression and abdominal compression. Evidence from 1 prospective randomized clinical study of adults in
cardiac arrest 77 demonstrated no improvement in survival to hospital discharge with use of PTACD-CPR during
out-of-hospital cardiac arrest. There is insufficient evidence to support or refute the use of PTACD-CPR for the
treatment of cardiac arrest.
4.2.3 Impedance Threshold Device - Updated ALS 579
The impedance threshold device (ITD) is a pressure-sensitive valve that is attached to an endotracheal tube
(ETT), supraglottic airway, or face mask. The ITD limits air entry into the lungs during the decompression phase
of CPR, enhancing the negative intrathoracic pressure generated during chest wall recoil, thereby improving
venous return to the heart and cardiac output during CPR. It does so without impeding positive-pressure
ventilation or passive exhalation. The ITD is removed after return of spontaneous circulation (ROSC) is
achieved. The ITD has been used alone as a circulatory adjunct as well as in conjunction with active
compression-decompression CPR (ACD-CPR) devices. The ITD and ACD-CPR are thought to act synergistically
to enhance venous return and improve cardiac output during CPR. 78, 79 Although initially used as part of a circuit
with a cuffed ETT during bag-tube ventilation, the ITD can also be used with a face mask, provided that a tight
seal is maintained between the face and mask.
4.2.3.1 2015 Evidence Summary
Three randomized controlled trials (RCTs) in humans have examined the benefits of incorporating the ITD as an
adjunct to conventional CPR in out-of-hospital cardiac arrest (OHCA). One small single-site RCT of 22 patients
with femoral artery catheters demonstrated that a functioning ITD applied to an ETT significantly increased
systolic blood pressures as compared with a sham device, although there was no difference in ROSC rates. 80
The second RCT examined the safety and survival to intensive care unit admission of a functioning versus sham
ITD in 230 patients. 81 The ITD was initially placed on a face mask and was relocated to the ETT after intubation.
This study found no difference in ROSC, intensive care unit admission, or 24-hour survival between the 2
groups. The third and largest RCT examined the impact of a functioning ITD versus a sham device at 10 sites in
the United States and Canada as part of the Resuscitation Outcomes Consortium (ROC) Prehospital
Resuscitation Impedance Valve and Early Versus Delayed Analysis (PRIMED) study. 82 Of the 8718 patients
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included in this high-quality RCT, 4345 were randomized to resuscitation with a sham ITD and 4373 were
assigned to resuscitation with the functioning ITD. The ROC PRIMED study permitted placement of the ITD on a
face mask, supraglottic airway, or ETT. This large multicenter RCT did not show a benefit from the addition of
the ITD to conventional CPR for neurologically intact survival to hospital discharge or survival to hospital
discharge. There were no differences in adverse events (pulmonary edema or airway bleeding) between the 2
groups.
4.2.3.2 2015 Recommendation—New
The routine use of the ITD as an adjunct during conventional CPR is not recommended.
(Class III: No Benefit, LOE A)
This Class of Recommendation, new in 2015, indicates that high-quality evidence did not demonstrate benefit or
harm associated with the ITD when used as an adjunct to conventional CPR.
4.2.4 Active Compression-Decompression CPR and Impedance Threshold Device - Updated ALS 579
ACD-CPR is performed by using a handheld device with a suction cup applied over the midsternum of the chest.
After chest compression, the device is used to actively lift up the anterior chest during decompressions. The
application of external negative suction during decompression enhances the negative intrathoracic pressure
(vacuum) generated by chest recoil, thereby increasing venous return (preload) to the heart and cardiac output
during the next chest compression. ACDCPR is believed to act synergistically with the ITD to enhance venous
return during chest decompression and improves blood flow to vital organs during CPR. Commercially available
ACD-CPR devices have a gauge meter to guide compression and decompression forces and a metronome to
guide duty cycle and chest compression rate. The use of ACD-CPR in comparison with conventional CPR was
last reviewed for the 2010 Guidelines. Since the 2010 Guidelines, new evidence is available regarding the use of
ACD-CPR in combination with the ITD.
4.2.4.1 2015 Evidence Summary
The combination of ACD-CPR with an ITD has been studied in 4 RCTs reported in 5 publications. 79, 83 - 86 Two of
these trials evaluated ACD-CPR with the ITD in comparison with ACDCPR alone. 79,83 The first of these used
femoral artery catheters to measure improved hemodynamic parameters but found no difference in ROSC, 24hour survival, or survival to hospital discharge. 79 In a follow-up RCT of 400 patients, the ACD-CPR with a
functioning ITD increased 24-hour survival, but again there was no difference in survival to hospital discharge or
survival with good neurologic function as compared with the ACD-CPR with sham ITD group. 83
The remaining 2 RCTs compared ACD-CPR with the ITD versus conventional CPR. The first was a single-center
RCT in which 210 patients were randomly assigned to ACD-CPR+ITD or conventional CPR after intubation by
the advanced life support team, which arrived on scene a mean of 9.5 minutes after the 9-1-1 call. 84 The chest
compression and ventilation rates in both arms were 100/min and 10 to 12 breaths/min, respectively. The ROSC,
1-hour, and 24-hour rates of survival were all significantly improved in the ACDCPR+ITD group as compared
with conventional CPR, but survival to hospital discharge and survival with favorable neurologic outcome were
not significantly different. The second trial is the ResQ trial, which was conducted in 7 distinct geographic regions
of the United States. In the ResQ trial, conventional CPR was performed with compressions at 100/min, with a
compression-to-ventilation ratio of 30:2 during basic life support and ventilation rate of 10/min after intubation. In
the ACD-CPR+ITD group, compressions were performed at a rate of 80/min and ventilation at a rate of 10/min.
In the intervention arm, a metronome was used to guide the compression rate, a force gauge was used to guide
compression depth and recoil, and timing lights on the ITD were used to guide ventilation rate. Two analyses of
data from the ResQ trial have been published; the first was restricted to OHCA of presumed cardiac etiology, 85
and the second included all enrolled patients. 86 The complete trial enrolled 2738 patients (conventional
CPR=1335, ACD-CPR+ITD=1403) before it was terminated early because of funding constraints. 86 Survival to
hospital discharge with favorable neurologic function (modified Rankin Scale score of 3 or less) was greater in
the ACD-CPR+ITD group as compared with the conventional CPR group: 7.9% versus 5.7% (odds ratio, 1.42;
95% confidence interval, 1.04–1.95), and this difference was maintained out to 1 year. For survival to hospital
discharge with favorable neurologic function, this translates into a number needed to treat of 45 with very wide
confidence limits (95% confidence interval, 25–333), making interpretation of the true clinical effect challenging.
There was no difference in the overall incidence of adverse events, although pulmonary edema was more
common with ACD-CPR+ITD as compared with conventional CPR (11.3% versus 7.9%; P=0.002). The ResQ
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Trial had a number of important limitations, including lack of blinding, different CPR feedback elements between
the study arms (ie, co-intervention), lack of CPR quality assessment, and early termination. Although improved
neurologic function was noted with the use of the ACD-CPR+ITD combination at both hospital discharge and 1year follow-up, additional trials are needed to confirm these findings.
4.2.4.2 2015 Recommendation—New
The existing evidence, primarily from 1 large RCT of low quality, does not support the routine use of
ACD-CPR+ITD as an alternative to conventional CPR. The combination may be a reasonable alternative
in settings with available equipment and properly trained personnel. (Class IIb, LOE C-LD)

4.2.5 Mechanical Chest Compression Devices:Piston Device - Updated ALS 782
A mechanical piston device consists of an automated compressed gas- or electric-powered plunger positioned
over the sternum, which compresses the chest at a set rate. Some devices incorporate a suction cup at the end
of the piston that is designed to actively decompress the chest after each compression, whereas others do not.
4.2.5.1 2015 Evidence Review
The Lund University Cardiac Arrest System (LUCAS) is a gas- (oxygen or air) or electric-powered piston device
that produces a consistent chest compression rate and depth. It incorporates a suction cup on the end of the
piston that attaches to the sternum and returns the sternum to the starting position when it retracts. A small pilot
RCT found similar survival in patients randomly assigned to mechanical versus manual chest compressions. 87
Subsequently, 2 large RCTs, the Prehospital Randomised Assessment of a Mechanical Compression Device in
Cardiac Arrest (PARAMEDIC) 88 and LUCAS in Cardiac Arrest (LINC) 89 trials, have compared the use of LUCAS
against manual compressions for patients with OHCA. Together, these studies enrolled 7060 patients, and
neither demonstrated a benefit for mechanical CPR over manual CPR with respect to early (4-hour) and late (1and 6-month) survival. 88 ,89 The PARAMEDIC study demonstrated a negative association between mechanical
chest compressions and survival with good neurologic outcome (Cerebral Performance Category 1–2) at 3
months as compared with manual compressions.
A number of other mechanical piston devices have been compared with manual chest compressions in studies
of OHCA. There are no large-scale RCTs with these devices. Three small (largest sample size of 50 patients)
RCTs found no differences in early survival 90 - 92 despite improvements in end-tidal CO2 in patients randomly
assigned to mechanical piston devices in 2 of these 3 studies. 91,92 However, in neither of these studies did any
patient survive to hospital discharge. Time-motion analysis of manual versus mechanical chest compressions
showed that it took considerable time to deploy the mechanical piston device, prolonging the no-chest
compression interval during CPR. 93
4.2.5.2 2015 Recommendation—New
The evidence does not demonstrate a benefit with the use of mechanical piston devices for chest
compressions versus manual chest compressions in patients with cardiac arrest. Manual chest
compressions remain the standard of care for the treatment of cardiac arrest, but mechanical piston
devices may be a reasonable alternative for use by properly trained personnel. (Class IIb, LOE B-R)

The use of mechanical piston devices may be considered in specific settings where the delivery of highquality manual compressions may be challenging or dangerous for the provider (eg, limited rescuers
available, prolonged CPR, during hypothermic cardiac arrest, in a moving ambulance, in the
angiography suite, during preparation for extracorporeal CPR [ECPR]), provided that rescuers strictly
limit interruptions in CPR during deployment and removal of the devices. (Class IIb, LOE C-EO)

4.2.6 Load-Distributing Band Devices - Updated ALS 782
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The load-distributing band (LDB) is a circumferential chest compression device composed of a pneumatically or
electrically actuated constricting band and backboard.
4.2.6.1 2015 Evidence Summary
While early case series 94 - 96 of patients treated with LDB-CPR were encouraging, an observational study
exploring a number of treatments related to new guideline implementation suggested that the use of LDB-CPR
was associated with lower odds of 30-day survival when compared with concurrent patients receiving only
manual CPR. 97 One multicenter prospective RCT 98 comparing LDB-CPR (Autopulse device) with manual CPR
for OHCA demonstrated no improvement in 4-hour survival and worse neurologic outcome when the device was
compared with manual CPR. Site-specific factors 99 and experience with deployment of the device 100 may have
influenced the outcomes in this study. In a high-quality multicenter RCT of 4753 OHCA patients, LDB-CPR
(Autopulse device) and manual chest compressions were shown to be equivalent with respect to the outcome of
survival to hospital discharge. Both approaches in this study were carefully monitored to minimize hands-off time
and to optimize compression technique. 101
4.2.6.2 2015 Recommendation—New
The evidence does not demonstrate a benefit with the use of LDB-CPR for chest compressions versus
manual chest compressions in patients with cardiac arrest. Manual chest compressions remain the
standard of care for the treatment of cardiac arrest, but LDB-CPR may be a reasonable alternative for
use by properly trained personnel. (Class IIb, LOE B-R)

The use of LDB-CPR may be considered in specific settings where the delivery of high-quality manual
compressions may be challenging or dangerous for the provider (eg, limited rescuers available,
prolonged CPR, during hypothermic cardiac arrest, in a moving ambulance, in the angiography suite,
during preparation for ECPR), provided that rescuers strictly limit interruptions in CPR during
deployment and removal of the devices. (Class IIb, LOE C-EO)

5 Extracorporeal Techniques and Invasive Perfusion Devices - Updated
5.1 Extracorporeal CPR - Updated

ALS 723

For the purpose of this Guidelines Update, the term ECPR is used to describe the initiation of cardiopulmonary
bypass during the resuscitation of a patient in cardiac arrest. This involves the emergency cannulation of a large
vein and artery (eg, femoral vessels) and initiation of venoarterial extracorporeal circulation and oxygenation.
The goal of ECPR is to support patients between cardiac arrest and restoration of spontaneous circulation while
potentially reversible conditions are addressed. ECPR is a complex process that requires a highly trained team,
specialized equipment, and multidisciplinary support within the local healthcare system.
5.1.1 2015 Evidence Summary
There are no data on the use of ECPR from RCTs. Early observational studies in small numbers of witnessed inhospital cardiac arrest (IHCA) and OHCA patients younger than 75 years with potentially reversible conditions
suggested improved survival when compared with conventional CPR. 102 - 106 Patients receiving ECPR in these
studies tended to be younger, with more witnessed arrests and bystander CPR.
The 2015 ILCOR ALS Task Force reviewed several observational studies, some of which used propensity
matching. The results of the studies are mixed. One propensity-matched prospective observational study
enrolling 172 IHCA patients reported greater likelihood of return of spontaneous beating in the ECPR group
(compared with ROSC in the conventional CPR group) and improved survival at hospital discharge, 30-day, and
1-year follow-up with the use of ECPR. However, this study showed no difference in neurologic outcomes. 107 A
retrospective observational study including 120 IHCA patients with historic control reported a modest benefit in
both survival and neurologic outcome at discharge and 6-month follow-up with the use of ECPR versus
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conventional CPR. 108 A propensity-matched retrospective observational study enrolling 118 IHCA patients
showed no survival or neurologic benefit with ECPR at the time of hospital discharge, 30-day, or 1-year follow-up.
106 One post hoc analysis of data from a prospective, observational cohort of 162 OHCA patients, including
propensity score matching, showed that ECPR was associated with a higher rate of neurologically intact survival
at 3-month follow-up. 109 A prospective observational study enrolling 454 OHCA patients demonstrated improved
neurologic outcomes with the use of ECPR at 1-month and 6-month follow-up after arrest. 110
5.1.2 2015 Recommendation—New
There is insufficient evidence to recommend the routine use of ECPR for patients with cardiac arrest.
In settings where it can be rapidly implemented, ECPR may be considered for select patients for whom
the suspected etiology of the cardiac arrest is potentially reversible during a limited period of
mechanical cardiorespiratory support. (Class IIb, LOE C-LD)

Published series have used rigorous inclusion and exclusion criteria to select patients for ECPR. Although these
inclusion criteria are highly variable, most included only patients aged 18 to 75 years, with arrest of cardiac
origin, after conventional CPR for more than 10 minutes without ROSC. Such inclusion criteria should be
considered in a provider’s selection of potential candidates for ECPR.
6 Authorship and Disclosures
6.1 2015 Writing Team
Steven C. Brooks, Chair; Monique L. Anderson; Eric Bruder; Mohamud R. Daya; Alan Gaffney; Charles W. Otto;
Adam J. Singer; Ravi R. Thiagarajan; Andrew H. Travers
Table 1: Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation: 2015
Guidelines Update Writing Group Disclosures
Open table in a new window

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation: 2015 Guidelines
Update Writing Group Disclosures
Writing
Group
Member
Steven C.
Brooks

Employment

Queen’s
University

Research
Grant

Other
Speakers’
Expert
Research
Bureau/Honoraria Witness
Support

Heart and
Stroke
Foundation†;
South
Eastern
Ontario
Academic
Medical
Organization†;
Canadian
Institutes
of Health
Research†;
National
Institutes
of Health
Research†;
Department
of
Defense,
Canada†;
US

Ownership
Consultant/Advisory
Other
Interest
Board

Eastern
Ontario
Academic
Medicine
Organization†

None

None

None

None

None

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member

Employment

Research
Grant

Other
Speakers’
Expert
Research
Bureau/Honoraria Witness
Support

11

Ownership
Consultant/Advisory
Other
Interest
Board

Monique
L.
Anderson

Duke
Clinical
Research
Institute

None

None

None

None

None

None

None

Eric Bruder

Emergency
Medicine

None

None

None

None

None

None

None

Mohamud
R. Daya

Oregon
Health
and
Science
University

Alan
Gaffney

NIHNHLBI†;
NIH*; NIHNINR*

None

None

None

None

Philips
Health
Care
None
–Uncompensated*

Columbia
University
Medical
Center;
University
of Arizona

None

None

None

None

None

None

None

Charles
W. Otto

University
of Arizona
College of
Medicine

None

None

None

None

None

None

None

Adam J.
Singer

Stony
Brook
University

AHA*; NY
State*

None

None

None

None

None

None

Ravi R.
Thiagarajan

Children’s
Hospital,
Boston

NHLBI*
None

None

None

None

None

None

None

None

None

None

None

None

Consultant
Andrew H.
Travers

Emergency
Health
Services,
Nova
Scotia

None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived
conflicts of interest as reported on the Disclosure Questionnaire, which all members of the writing group are required to
complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more during any
12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or
share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest”
if it is less than “significant” under the preceding definition. *Modest. †Significant.

6.2 2010 Writing Team

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

12

Diana M. Cave, Chair; Raul J. Gazmuri; Charles W. Otto; Vinay M. Nadkarni; Adam Cheng; Steven C. Brooks;
Mohamud Daya; Robert M. Sutton; Richard Branson; Mary Fran Hazinski
Table 2: 2010 - Guidelines Part 7: CPR Techniques and Devices: Writing Group Disclosures
Open table in a new window

2010 Guidelines Part 7: CPR Techniques and Devices: Writing Group Disclosures

Writing
Group
Member
Diana M.
Cave

Employment

Research
Grant

Legacy
Health
System,
Emanuel
Hospital,
Emergency
Services–RN,
MSN;
Portland
Com.
College–Institute
for Health
Prof.Faculty/Instructor

None

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

None

None

None

None

None

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member

Employment

Research
Grant

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

†VolumeNorth
Chicago VA
Controlled
Medical
Manual
Center–Section Ventilation
Chief,
during
Critical Care
Resuscitation
and
from
Professor of
Cardiac
Medicine
Arrest.
Funded by
Dessinier
Corporation.
Funds come
to my
institution
(Rosalind
Franklin
UniversityRFU)
Vitamin-C
Preserves
Myocardial
Distensibility
during
Resuscitation
from CA.
Funded by
Maribor
University,
Slovenia.
Funds come
to my
institution
(RFU)

None

None

Charles W.
Otto

University of
None
Arizona–Professor

None

None

Vinay M.
Nadkarni

University of
Pennsylvania/The
Children's
Hospital of
Philadelphia–Attending
Physician,
None
Departement
of
Anesthesia,
Critical Care
and
Pediatrics

Raul
Gazmuri

13

†Patent

titled
“Facilitation
of
Resuscitation
from
Cardiac
Arrest by
Erythropoietin”
(pending)

None

None

None

None

None

*Voluntary

None

None

None

None

(Unpaid)
member of
Data Safety
Monitoring
Committee
for
Automated
CPR device
trial

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member
Adam
Cheng

Employment

Research
Grant

†American
British
Columbia
Heart
Children's
Association
Hospital:
RFP University
educational
Affiliated–Director,
grant.
Pediatric
Money
Simulation
comes to
Program
my
institution,
and is
distributed
to our group
of
collaborative
pediatric
hospitals

14

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

None

None

None

None

None

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member
Steven C.
Brooks

Employment

Research
Grant

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

†PI-1.
University of
Toronto–ClinicianUniv.of
Scientist
Toronto
Faculty of
Medicine
New Staff
Grant.
01/07/2009–01/07/2010
A pilot study
to explore
missed
opportunities
for public
access
defibrillation
in OHCA
and to
determine
the potential
impact of
emergency
medical
dispatchers.
Role: PI $10
000
unrestricted
grant
administered
through the
research
institute 2.
University of
Toronto
Connaught
New Staff
Matching
Grant
2009–2010.
04/05/2009–03/05/2011
Development
of Centres
of
Excellence
to Improve
Outcomes
after
OHCAt: A
Pilot Study.
Role: PI $23
700
unrestricted
grant
administered
through the
research
institute 3.
Ontario
Ministry of
Health and
Long Term
Care and

15

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member
Mohamud
Daya

Employment

Research
Grant

16

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

†PI
Oregon
Health &
Resuscitation
Science
Outcomes
University:
Consoritum Attending
Portland
Physician–Associate
Site, NHLBI,
Professor of
grant is
Emergency
awarded
Medicine
directly to
the
insitution
(OHSU)

*Lectures

None

at
local,
regional and
national
meetings,
income is
directly to
me, last
lectures
CPR update
at the
Timberline
EMS
conference,
there was
no
honorarium
but
conference
paid for my
lodging
Stroke
Update in
Corvallis at
Samaritan
Health,
Honorarium
fee was 500
dollars
Advanced
12 lead
ECG
diagnostic
algoritms,
Lecutre for
Philips
Healthcare
at EMS
today,
honoarium
for 2
lectures
was 1000
dollars

*Stock

held
in the
following
health care
companies;
Johnson
and
Johnson 250 shares
Amgen 100 shares
Roche - 100
shares

*Philips

Health
Care Consultant
on 12 lead
ECG
diagnostic
algorithms
and
resuscitation
products, no
reimbursement
for this
activity

†I

am an
EMS
medical
director for
2 fire
departments
and one
911 agency,
this is a
private
contract and
the money
comes
directly to
me, this is
independent
of my
employment
at OHSU
which is at
an 80%
FTE level,
my EMS
activities
are 20%
FTE

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member
Robert M.
Sutton

Richard
Branson

Employment

Research
Grant

*
The
Unrestricted
Children's
Research
Hospital of
Grant
Philadelphia–Critical
Support
Care
through a
Attending
Center of
Excellence
Grant from
the Laerdal
Found

University of
CincinnatiAssociate
Professor

None

17

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

None

None

†SeQual.

†Cardinal

Sponsor of
laboratory
study of the
use of
oxygen
concentrators
in
conjunction
with
mechanical
ventilators
for military
and mass
casualty
scenarios.
$40 000. All
monies are
paid to the
Univ. I have
no financial
interest in
the
company
and do not
receive any
personal
income

makers of
ICU and
home care
ventialtors. I
am paid
directly for
speaking.
Newport
Medical
makers of
ICU and
home care
ventilators. I
am paid
directly for
speaking. *
IKARIA manufactures
and
distributes
inhaled
nitric oxide.
I am paid
directly

None

None

*Bayer

*KIngs
Pharmaceuticals.
Daughters
Treatment
Hospital
of ventilator
Ashalnd KY.
associated
Paid directly
pneumonia
to me

None

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Writing
Group
Member
Mary Fran
Hazinski

Employment

Research
Grant

Vanderbilt
University
School of
Nursing—Professor;
American
Heart
Association–
Senior
Science
Editor †
Significant
AHA
None
compensation
for my
editing
responsibilitieswriting and
editing of
the 2010
AHA
Guidelines
for CPR and
ECC

18

Other
Research
Speakers'
OwnershipConsultant/Advisory
Support Bureau/Honoraria Interest
Board
Other

None

None

None

None

None

This table represents the relationships of writing group members that may be perceived as actual or reasonably
perceived conflicts of interest as reported on the Disclosure Questionnaire, which all members of the writing group
are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10
000 or more during any 12-month period, or 5% or more of the person's gross income; or (b) the person owns 5% or
more of the voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A
relationship is considered to be “modest” if it is less than “significant” under the preceding definition.
?* Modest.
?† Significant.

7 Footnotes
The American Heart Association requests that this document be cited as follows:
American Heart Association. Web-based Integrated Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care – Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary
Resuscitation. ECCguidelines.heart.org
© Copyright 2015 American Heart Association, Inc.
References

1. Cave DM, Gazmuri RJ, Otto CW, Nadkarni VM, Cheng A, Brooks SC, Daya M, Sutton RM, Branson R, Hazinski MF. Part 7: CPR techniques and devices: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation. 2010;122(suppl 3):S720–S728. doi: 10.1161/ CIRCULATIONAHA.110.970970.

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

2. Shuster M, Lim SH, Deakin CD, Kleinman ME, Koster RW, Morrison LJ, Nolan JP, Sayre MR; CPR Techniques and Devices
Collaborators. Part 7: CPR techniques and devices: 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations. Circulation. 2010;122(suppl 2):S338–S344. doi:
10.1161/CIRCULATIONAHA.110.971036.
3. Lim SH, Shuster M, Deakin CD, Kleinman ME, Koster RW, Morrison LJ, Nolan JP, Sayre MR; CPR Techniques, Devices Collaborators.
Part 7: CPR techniques and devices: 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations. Resuscitation. 2010;81 suppl 1:e86–e92. doi: 10.1016/j.resuscitation.2010.08.026.
4. Callaway CW, Soar J, Aibiki M, Böttiger BW, Brooks SC, Deakin CD, Donnino MW, Drajer S, Kloeck W, Morley PT, Morrison LJ,
Neumar RW, Nicholson TC, Nolan JP, Okada K, O’Neil BJ, Paiva EF, Parr MJ, Wang TL, Witt J; on behalf of the Advanced Life
Support Chapter Collaborators. Part 4: advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations. Circulation. 2015;132 (suppl 1):S84–S145. doi:
10.1161/CIR.0000000000000273.
5. Soar J, Callaway CW, Aibiki M, Böttiger BW, Brooks SC, Deakin CD, Donnino MW, Drajer S, Kloeck W, Morley PT, Morrison LJ,
Neumar RW, Nicholson TC, Nolan JP, Okada K, O’Neil BJ, Paiva EF, Parr MJ, Wang TL, Witt J; on behalf of the Advanced Life
Support Chapter Collaborators. Part 4: advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations. Resuscitation. 2015. In press.
6. The Cochrane Collaboration. Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0.
2011. http://handbook.cochrane.org/. Accessed May 6, 2015.
7. Schünemann H, Broz?ek J, Guyatt G, Oxman A. GRADE Handbook. 2013. http://www.guidelinedevelopment.org/handbook/. Accessed
May 6, 2015.
8. Raman J, Saldanha RF, Branch JM, Esmore DS, Spratt PM, Farnsworth AE, Harrison GA, Chang VP, Shanahan MX. Open cardiac
compression in the postoperative cardiac intensive care unit. Anaesth Intensive Care. 1989;17:129–135.
9. Anthi A, Tzelepis GE, Alivizatos P, Michalis A, Palatianos GM, Geroulanos S. Unexpected cardiac arrest after cardiac surgery:
incidence, predisposing causes, and outcome of open chest cardiopulmonary resuscitation. Chest. 1998;113:15–19.
10. Pottle A, Bullock I, Thomas J, Scott L. Survival to discharge following Open Chest Cardiac Compression (OCCC): a 4-year
retrospective audit in a cardiothoracic specialist centre–Royal Brompton and Harefield NHS Trust, United Kingdom. Resuscitation.
2002;52:269–272.
11. Takino M, Okada Y. The optimum timing of resuscitative thoracotomy for non-traumatic out-of-hospital cardiac arrest. Resuscitation.
1993;26:69–74.
12. Boczar ME, Howard MA, Rivers EP, Martin GB, Horst HM, Lewandowski C, Tomlanovich MC, Nowak RM. A technique revisited:
hemodynamic comparison of closed- and open-chest cardiac massage during human cardiopulmonary resuscitation. Crit Care Med.
1995;23:498–503.
13. Hachimi-Idrissi S, Leeman J, Hubloue Y, Huyghens L, Corne L. Open chest cardiopulmonary resuscitation in out-of-hospital cardiac
arrest. Resuscitation. 1997;35:151–156.
14. Calinas-Correia J, Phair I. Physiological variables during open chest cardiopulmonary resuscitation: results from a small series. J Accid
Emerg Med. 2000;17:201–204.
15. Fialka C, Sebok C, Kemetzhofer P, Kwasny O, Sterz F, Vecsei V. Open-chest cardiopulmonary resuscitation after cardiac arrest in
cases of blunt chest or abdominal trauma: a consecutive series of 38 cases. J Trauma. 2004;57:809–814.
16. Powell DW, Moore EE, Cothren CC, Ciesla DJ, Burch JM, Moore JB, Johnson JL. Is emergency department resuscitative thoracotomy
futile care for the critically injured patient requiring prehospital cardiopulmonary resuscitation? J Am Coll Surg. 2004;199:211–215.
17. Sheppard FR, Cothren CC, Moore EE, Orfanakis A, Ciesla DJ, Johnson JL, Burch JM. Emergency department resuscitative
thoracotomy for nontorso injuries. Surgery. 2006;139:574–576.
18. Seamon MJ, Fisher CA, Gaughan JP, Kulp H, Dempsey DT, Goldberg AJ. Emergency department thoracotomy: survival of the least
expected. World J Surg. 2008;32:604–612.
19. Powell RW, Gill EA, Jurkovich GJ, Ramenofsky ML. Resuscitative thoracotomy in children and adolescents. Am Surg.
1988;54:188–191.
20. Rothenberg SS, Moore EE, Moore FA, Baxter BT, Moore JB, Cleveland HC. Emergency Department thoracotomy in children–a critical
analysis. J Trauma. 1989;29:1322–1325.
21. Sack JB, Kesselbrenner MB, Jarrad A. Interposed abdominal compression-cardiopulmonary resuscitation and resuscitation outcome
during asystole and electromechanical dissociation. Circulation. 1992;86:1692–1700.
22. Sack JB, Kesselbrenner MB, Bregman D. Survival from in-hospital cardiac arrest with interposed abdominal counterpulsation during
cardiopulmonary resuscitation. JAMA. 1992;267:379–385.

19

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

20

23. Babbs CF. Interposed abdominal compression CPR: a comprehensive evidence based review. Resuscitation. 2003;59:71–82.
24. Babbs CF. Simplified meta-analysis of clinical trials in resuscitation. Resuscitation. 2003;57:245–255.
25. Mateer JR, Stueven HA, Thompson BM, Aprahamian C, Darin JC. Pre-hospital IAC-CPR versus standard CPR: paramedic
resuscitation of cardiac arrests. Am J Emerg Med. 1985;3:143–146.
26. Waldman PJ, Walters BL, Grunau CF. Pancreatic injury associated with interposed abdominal compressions in pediatric
cardiopulmonary resuscitation. Am J Emerg Med. 1984;2:510–512.
27. Miller B, Cohen A, Serio A, Bettock D. Hemodynamics of cough cardiopulmonary resuscitation in a patient with sustained torsades de
pointes/ventricular flutter. J Emerg Med. 1994;12:627–632.
28. Keeble W, Tymchak WJ. Triggering of the Bezold Jarisch Reflex by reperfusion during primary PCI with maintenance of consciousness
by cough CPR: a case report and review of pathophysiology. J Invasive Cardiol. 2008;20:E239–E242.
29. Niemann JT, Rosborough J, Hausknecht M, Brown D, Criley JM. Cough-CPR: documentation of systemic perfusion in man and in an
experimental model: a “window” to the mechanism of blood flow in external CPR. Crit Care Med. 1980;8:141–146.
30. Saba SE, David SW. Sustained consciousness during ventricular fibrillation: case report of cough cardiopulmonary resuscitation. Cathet
Cardiovasc Diagn. 1996;37:47–48.
31. Criley JM, Blaufuss AH, Kissel GL. Cough-induced cardiac compression: self-administered form of cardiopulmonary resuscitation.
JAMA. 1976;236:1246–1250.
32. Wei JY, Greene HL, Weisfeldt ML. Cough-facilitated conversion of ventricular tachycardia. Am J Cardiol. 1980;45:174–176.
33. Caldwell G, Millar G, Quinn E, Vincent R, Chamberlain DA. Simple mechanical methods for cardioversion: defence of the precordial
thump and cough version. Br Med J (Clin Res Ed). 1985;291:627–630.
34. Miller B, Lesnefsky E, Heyborne T, Schmidt B, Freeman K, Breckinridge S, Kelley K, Mann D, Reiter M. Cough-cardiopulmonary
resuscitation in the cardiac catheterization laboratory: hemodynamics during an episode of prolonged hypotensive ventricular
tachycardia. Cathet Cardiovasc Diagn. 1989;18:168–171.
35. Rieser MJ. The use of cough-CPR in patients with acute myocardial infarction. J Emerg Med. 1992;10:291–293.
36. Petelenz T, Iwinski J, Chlebowczyk J, Czyz Z, Flak Z, Fiutowski L, Zaorski K, Zeman S. Self-administered cough cardiopulmonary
resuscitation (c-CPR) in patients threatened by MAS events of cardiovascular origin. Wiad Lek. 1998;51():326–336.
37. Girsky MJ, Criley JM. Images in cardiovascular medicine. Cough cardiopulmonary resuscitation revisited. Circulation.
2006;114:e530–531.
38. Mazer SP, Weisfeldt M, Bai D, Cardinale C, Arora R, Ma C, Sciacca RR, Chong D, Rabbani LE. Reverse, CPR: a pilot study of CPR in
the prone position. Resuscitation. 2003;57:279–285.
39. Sun WZ, Huang FY, Kung KL, Fan SZ, Chen TL. Successful cardiopulmonary resuscitation of two patients in the prone position using
reversed precordial compression. Anesthesiology. 1992;77:202–204.
40. Tobias JD, Mencio GA, Atwood R, Gurwitz GS. Intraoperative cardiopulmonary resuscitation in the prone position. J Pediatr Surg.
1994;29:1537–1538.
41. Brown J, Rogers J, Soar J. Cardiac arrest during surgery and ventilation in the prone position: a case report and systematic review.
Resuscitation. 2001;50:233–238.
42. Pellis T, Kette F, Lovisa D, Franceschino E, Magagnin L, Mercante WP, Kohl P. Utility of pre-cordial thump for treatment of out of
hospital cardiac arrest: a prospective study. Resuscitation. 2009;80:17–23.
43. Bornemann C, Scherf D. Electrocardiogram of the month. Paroxysmal ventricular tachycardia abolished by a blow to the precordium.
Dis Chest. 1969;56:83–84.
44. Dale KM, Lertsburapa K, Kluger J, White CM. Moxifloxacin and torsade de pointes. Ann Pharmacother. 2007;41:336–340.
45. De Maio VJ, Stiell IG, Spaite DW, Ward RE, Lyver MB, Field BJ III., Munkley DP, Wells GA. CPR-only survivors of out-of-hospital
cardiac arrest: implications for out-of-hospital care and cardiac arrest research methodology. Ann Emerg Med. 2001;37:602–608.
46. Pennington JE, Taylor J, Lown B. Chest thump for reverting ventricular tachycardia. N Engl J Med. 1970;283:1192–1195.
47. Rahner E, Zeh E. Die Regularisierung von Kammertachykardien durch präkordialen Faustschlag. (“The Regularization of Ventricular
Tachycardias by Precordial Thumping.”) Med Welt. 1978;29:1659–1663.
48.

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Amir O, Schliamser JE, Nemer S, Arie M. Ineffectiveness of precordial thump for cardioversion of malignant ventricular
tachyarrhythmias. Pacing Clin Electrophysiol. 2007;30:153–156.
49. Haman L, Parizek P, Vojacek J. Precordial thump efficacy in termination of induced ventricular arrhythmias. Resuscitation.
2009;80:14–16.
50. Ahmar W, Morley P, Marasco S, Chan W, Aggarwal A. Sternal fracture and osteomyelitis: an unusual complication of a precordial
thump. Resuscitation. 2007;75:540–542.
51. Miller J, Tresch D, Horwitz L, Thompson BM, Aprahamian C, Darin JC. The precordial thump. Ann Emerg Med. 1984;13():791–794.
52. Muller GI, Ulmer HE, Bauer JA. Complications of chest thump for termination of supraventricular tachycardia in children. Eur J Pediatr.
1992;151:12–14.
53. Chan L, Reid C, Taylor B. Effect of three emergency pacing modalities on cardiac output in cardiac arrest due to ventricular asystole.
Resuscitation. 2002;52:117–119.
54. Dowdle JR. Ventricular standstill and cardiac percussion. Resuscitation. 1996;32:31–32.
55. Eich C, Bleckmann A, Schwarz SK. Percussion pacing–an almost forgotten procedure for haemodynamically unstable bradycardias? A
report of three case studies and review of the literature. Br J Anaesth. 2007;98:429–433.
56. Eich C, Bleckmann A, Paul T. Percussion pacing in a three-year-old girl with complete heart block during cardiac catheterization. Br J
Anaesth. 2005;95:465–467.
57. Iseri LT, Allen BJ, Baron K, Brodsky MA. Fist pacing, a forgotten procedure in bradyasystolic cardiac arrest. Am Heart J.
1987;113:1545–1550.
58. Tucker KJ, Shaburihvili TS, Gedevanishvili AT. Manual external (fist) pacing during high-degree atrioventricular block: a lifesaving
intervention. Am J Emerg Med. 1995;13:53–54.
59. Zeh E, Rahner E. [The manual extrathoracal stimulation of the heart. Technique and effect of the precordial thump (author's transl)]. Z
Kardiol. 1978;67:299–304.
60. Weiss SJ, Ernst AA, Jones R, Ong M, Filbrun T, Augustin C, Barnum M, Nick TG. Automatic transport ventilator versus bag valve in the
EMS setting: a prospective, randomized trial. South Med J. 2005;98:970–976.
61. Johannigman JA, Branson RD, Johnson DJ, Davis K Jr., Hurst JM. Out-of-hospital ventilation: bag–valve device vs transport ventilator.
Acad Emerg Med. 1995;2:719–724.
62. Noordergraaf GJ, van Dun PJ, Kramer BP, Schors MP, Hornman HP, de Jong W, Noordergraaf A. Can first responders achieve and
maintain normocapnia when sequentially ventilating with a bag-valve device and two oxygen-driven resuscitators? A controlled clinical
trial in 104 patients. Eur J Anaesthesiol. 2004;21:367–372.
63. Hevesi ZG, Thrush DN, Downs JB, Smith RA. Cardiopulmonary resuscitation: effect of CPAP on gas exchange during chest
compressions. Anesthesiology. 1999;90:1078–1083.
64. Cohen TJ, Goldner BG, Maccaro PC, Ardito AP, Trazzera S, Cohen MB, Dibs SR. A comparison of active compression-decompression
cardiopulmonary resuscitation with standard cardiopulmonary resuscitation for cardiac arrests occurring in the hospital. N Engl J Med.
1993;329:1918–1921.
65. Lurie KG, Shultz JJ, Callaham ML, Schwab TM, Gisch T, Rector T, Frascone RJ, Long L. Evaluation of active compressiondecompression CPR in victims of out-of-hospital cardiac arrest. JAMA. 1994;271:1405–1411.
66. Tucker KJ, Galli F, Savitt MA, Kahsai D, Bresnahan L, Redberg RF. Active compression-decompression resuscitation: effect on
resuscitation success after in-hospital cardiac arrest. J Am Coll Cardiol. 1994;24:201–209.
67. Plaisance P, Adnet F, Vicaut E, Hennequin B, Magne P, Prudhomme C, Lambert Y, Cantineau JP, Leopold C, Ferracci C, Gizzi M,
Payen D. Benefit of active compression-decompression cardiopulmonary resuscitation as a prehospital advanced cardiac life support: a
randomized multicenter study. Circulation. 1997;95:955–961.
68. Plaisance P, Lurie KG, Vicaut E, Adnet F, Petit JL, Epain D, Ecollan P, Gruat R, Cavagna P, Biens J, Payen D. A comparison of
standard cardiopulmonary resuscitation and active compression-decompression resuscitation for out-of-hospital cardiac arrest. French
Active Compression-Decompression Cardiopulmonary Resuscitation Study Group. N Engl J Med. 1999;341:569–575.
69. He Q, Wan Z, Wang L. [Random control trial of the efficacy of cardiopump on pre-hospital cardiac arrest]. Zhongguo Wei Zhong Bing Ji
Jiu Yi Xue. 2003;15:292–294.
70. Lafuente-Lafuente C, Melero-Bascones M. Active chest compression-decompression for cardiopulmonary resuscitation. Cochrane
Database Syst Rev. 2004;:CD002751.
71.

21

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

22

Mauer D, Schneider T, Dick W, Withelm A, Elich D, Mauer M. Active compression-decompression resuscitation: a prospective,
randomized study in a two-tiered EMS system with physicians in the field. Resuscitation. 1996;33:125–134.
72. Stiell IG, Hebert PC, Wells GA, Laupacis A, Vandemheen K, Dreyer JF, Eisenhauer MA, Gibson J, Higginson LA, Kirby AS, Mahon JL,
Maloney JP, Weitzman BN. The Ontario trial of active compression-decompression cardiopulmonary resuscitation for in-hospital and
prehospital cardiac arrest. JAMA. 1996;275:1417–1423.
73. Goralski M, Villeger JL, Cami G, Linassier P, Guilles-Des-Buttes P, Fabbri P, Venot P, Tazarourte K, Cami M. Evaluation of active
compression-decompression cardiopulmonary resuscitation in out-of-hospital cardiac arrest. Reanimation Urgences. 1998;7:543–550.
74. Skogvoll E, Wik L. Active compression-decompression cardiopulmonary resuscitation: a population-based, prospective randomised
clinical trial in out-of-hospital cardiac arrest. Resuscitation. 1999;42:163–172.
75. Schwab TM, Callaham ML, Madsen CD, Utecht TA. A randomized clinical trial of active compression-decompression CPR vs standard
CPR in out-of-hospital cardiac arrest in two cities. JAMA. 1995;273:1261–1268.
76. Luiz T, Ellinger K, Denz C. Active compression-decompression cardiopulmonary resuscitation does not improve survival in patients with
prehospital cardiac arrest in a physician-manned emergency medical system. J Cardiothorac Vasc Anesth. 1996;10:178–186.
77. Nolan J, Smith G, Evans R, McCusker K, Lubas P, Parr M, Baskett P. The United Kingdom pre-hospital study of active compressiondecompression resuscitation. Resuscitation. 1998;37:119–125.
78. Arntz HR, Agrawal R, Richter H, Schmidt S, Rescheleit T, Menges M, Burbach H, Schroder J, Schultheiss HP. Phased chest and
abdominal compression-decompression versus conventional cardiopulmonary resuscitation in out-of-hospital cardiac arrest. Circulation.
2001;104:768–772.
79. Lurie KG, Coffeen P, Shultz J, McKnite S, Detloff B, Mulligan K. Improving active compression-decompression cardiopulmo- nary
resuscitation with an inspiratory impedance valve. Circulation. 1995;91:1629–1632.
80. Plaisance P, Lurie KG, Payen D. Inspiratory impedance during active com- pression-decompression cardiopulmonary resuscitation: a
randomized evaluation in patients in cardiac arrest. Circulation. 2000;101:989–994.
81. Pirrallo RG, Aufderheide TP, Provo TA, Lurie KG. Effect of an inspira- tory impedance threshold device on hemodynamics during
conventional manual cardiopulmonary resuscitation. Resuscitation. 2005;66:13–20. doi: 10.1016/j.resuscitation.2004.12.027.
82. Aufderheide TP, Pirrallo RG, Provo TA, Lurie KG. Clinical evaluation of an inspiratory impedance threshold device during standard
cardiopulmo- nary resuscitation in patients with out-of-hospital cardiac arrest. Crit Care Med. 2005;33:734–740.
83. Aufderheide TP, Nichol G, Rea TD, Brown SP, Leroux BG, Pepe PE, Kudenchuk PJ, Christenson J, Daya MR, Dorian P, Callaway CW,
Idris AH, Andrusiek D, Stephens SW, Hostler D, Davis DP, Dunford JV, Pirrallo RG, Stiell IG, Clement CM, Craig A, Van Ottingham L,
Schmidt TA, Wang HE, Weisfeldt ML, Ornato JP, Sopko G; Resuscitation Outcomes Consortium (ROC) Investigators. A trial of an
impedance threshold device in out-of-hospital cardiac arrest. N Engl J Med. 2011;365:798–806. doi: 10.1056/NEJMoa1010821.
84. Plaisance P, Lurie KG, Vicaut E, Martin D, Gueugniaud PY, Petit JL, Payen D. Evaluation of an impedance threshold device in patients
receiv- ing active compression-decompression cardiopulmonary resuscitation for out of hospital cardiac arrest. Resuscitation.
2004;61:265–271. doi: 10.1016/j.resuscitation.2004.01.032.
85. Wolcke BB, Mauer DK, Schoefmann MF, Teichmann H, Provo TA, Lindner KH, Dick WF, Aeppli D, Lurie KG. Comparison of standard
cardiopulmonary resuscitation versus the combination of active compres- sion-decompression cardiopulmonary resuscitation and an
inspiratory impedance threshold device for out-of-hospital cardiac arrest. Circulation. 2003;108:2201–2205. doi:
10.1161/01.CIR.0000095787.99180.B5.
86. Aufderheide TP, Frascone RJ, Wayne MA, Mahoney BD, Swor RA, Domeier RM, Olinger ML, Holcomb RG, Tupper DE, Yannopoulos
D, Lurie KG. Standard cardiopulmonary resuscitation versus active compression- decompression cardiopulmonary resuscitation with
augmentation of nega- tive intrathoracic pressure for out-of-hospital cardiac arrest: a randomised trial. Lancet. 2011;377:301–311. doi:
10.1016/S0140-6736(10)62103-4.
87. Frascone RJ, Wayne MA, Swor RA, Mahoney BD, Domeier RM, Olinger ML, Tupper DE, Setum CM, Burkhart N, Klann L, Salzman JG,
Wewerka SS, Yannopoulos D, Lurie KG, O’Neil BJ, Holcomb RG, Aufderheide TP. Treatment of non-traumatic out-of-hospital cardiac
arrest with active compression decompression cardiopulmonary resuscitation plus an imped- ance threshold device. Resuscitation.
2013;84:1214–1222. doi: 10.1016/j. resuscitation.2013.05.002.
88. Smekal D, Johansson J, Huzevka T, Rubertsson S. A pilot study of mechanical chest compressions with the LUCASTM device in
cardiopul- monary resuscitation. Resuscitation. 2011;82:702–706. doi: 10.1016/j. resuscitation.2011.01.032.
89. Perkins GD, Lall R, Quinn T, Deakin CD, Cooke MW, Horton J, Lamb SE, Slowther AM, Woollard M, Carson A, Smyth M, Whitfield R,
Williams A, Pocock H, Black JJ, Wright J, Han K, Gates S; PARAMEDIC trial collab- orators. Mechanical versus manual chest
compression for out-of-hospital cardiac arrest (PARAMEDIC): a pragmatic, cluster randomised controlled trial. Lancet.
2015;385:947–955. doi: 10.1016/S0140-6736(14)61886-9.
90.

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

23

Rubertsson S, Lindgren E, Smekal D, Östlund O, Silfverstolpe J, Lichtveld RA, Boomars R, Ahlstedt B, Skoog G, Kastberg R, Halliwell
D, Box M, Herlitz J, Karlsten R. Mechanical chest compressions and simultaneous defibrillation vs conventional cardiopulmonary
resuscitation in out-of- hospital cardiac arrest: the LINC randomized trial. JAMA. 2014;311:53– 61. doi: 10.1001/jama.2013.282538.
91. Taylor GJ, Rubin R, Tucker M, Greene HL, Rudikoff MT, Weisfeldt ML. External cardiac compression. A randomized comparison of
mechanical and manual techniques. JAMA. 1978;240:644–646.
92. Ward KR, Menegazzi JJ, Zelenak RR, Sullivan RJ, McSwain NE Jr. A comparison of chest compressions between mechanical and
manual CPR by monitoring end-tidal PCO2 during human cardiac arrest. Ann Emerg Med. 1993;22:669–674.
93. Dickinson ET, Verdile VP, Schneider RM, Salluzzo RF. Effectiveness of mechanical versus manual chest compressions in out-ofhospital cardiac arrest resuscitation: a pilot study. Am J Emerg Med. 1998;16:289–292.
94. Wang HC, Chiang WC, Chen SY, Ke YL, Chi CL, Yang CW, Lin PC, Ko PC, Wang YC, Tsai TC, Huang CH, Hsiung KH, Ma MH, Chen
SC, Chen WJ, Lin FY. Video-recording and time-motion analyses of manual versus mechanical cardiopulmonary resuscitation during
ambulance transport. Resuscitation. 2007;74:453–460. doi: 10.1016/j. resuscitation.2007.01.018.
95. Timerman S, Cardoso LF, Ramires JA, Halperin H. Improved hemody- namic performance with a novel chest compression device
during treat- ment of in-hospital cardiac arrest. Resuscitation. 2004;61:273–280. doi: 10.1016/j.resuscitation.2004.01.025.
96. Casner M, Andersen D, Isaacs SM. The impact of a new CPR assist device on rate of return of spontaneous circulation in out-ofhospital cardiac arrest. Prehosp Emerg Care. 2005;9:61–67. doi: 10.1080/10903120590891714.
97. Ong ME, Ornato JP, Edwards DP, Dhindsa HS, Best AM, Ines CS, Hickey S, Clark B, Williams DC, Powell RG, Overton JL, Peberdy
MA. Use of an automated, load-distributing band chest compression device for out- of-hospital cardiac arrest resuscitation. JAMA.
2006;295:2629–2637. doi: 10.1001/jama.295.22.2629.
98. SteinmetzJ,BarnungS,NielsenSL,RisomM,RasmussenLS.Improvedsurvival after an out-of-hospital cardiac arrest using new guidelines.
Acta Anaesthesiol Scand. 2008;52:908–913. doi: 10.1111/j.1399-6576.2008.01657.x.
99. Hallstrom A, Rea TD, Sayre MR, Christenson J, Anton AR, Mosesso VN Jr, Van Ottingham L, Olsufka M, Pennington S, White LJ,
Yahn S, Husar J, Morris MF, Cobb LA. Manual chest compression vs use of an automated chest compression device during
resuscitation following out-of-hospital cardiac arrest: a randomized trial. JAMA. 2006;295:2620–2628. doi: 10.1001/jama.295.22.2620.
100. Paradis NA, Young G, Lemeshow S, Brewer JE, Halperin HR. Inhomogeneity and temporal effects in AutoPulse Assisted Prehospital
International Resuscitation–an exception from consent trial termi- nated early. Am J Emerg Med. 2010;28:391–398. doi: 10.1016/j.ajem.
2010.02.002.
101. Tomte O, Sunde K, Lorem T, Auestad B, Souders C, Jensen J, Wik L. Advanced life support performance with manual and mechanical
chest compressions in a randomized, multicentre manikin study. Resuscitation. 2009;80:1152–1157. doi:
10.1016/j.resuscitation.2009.07.001.
102. Wik L, Olsen JA, Persse D, Sterz F, Lozano M Jr, Brouwer MA, Westfall M, Souders CM, Malzer R, van Grunsven PM, Travis DT,
Whitehead A, Herken UR, Lerner EB. Manual vs. integrated automatic load-distributing band CPR with equal survival after out of
hospital cardiac arrest. The randomized CIRC trial. Resuscitation. 2014;85:741–748. doi: 10.1016/j. resuscitation.2014.03.005.
103. Thiagarajan RR, Brogan TV, Scheurer MA, Laussen PC, Rycus PT, Bratton SL. Extracorporeal membrane oxygenation to support
cardiopul- monary resuscitation in adults. Ann Thorac Surg. 2009;87:778–785. doi: 10.1016/j.athoracsur.2008.12.079.
104. Chen YS, Chao A, Yu HY, Ko WJ, Wu IH, Chen RJ, Huang SC, Lin FY, Wang SS. Analysis and results of prolonged resuscitation in
cardiac arrest patients rescued by extracorporeal membrane oxygenation. J Am Coll Cardiol. 2003;41:197–203.
105. Athanasuleas CL, Buckberg GD, Allen BS, Beyersdorf F, Kirsh MM. Sudden cardiac death: directing the scope of resuscitation towards
the heart and brain. Resuscitation. 2006;70:44–51. doi: 10.1016/j. resuscitation.2005.11.017.
106. Tanno K, Itoh Y, Takeyama Y, Nara S, Mori K, Asai Y. Utstein style study of cardiopulmonary bypass after cardiac arrest. Am J Emerg
Med. 2008;26:649–654. doi: 10.1016/j.ajem.2007.09.019.
107. Huang SC, Wu ET, Chen YS, Chang CI, Chiu IS, Wang SS, Lin FY, Ko WJ. Extracorporeal membrane oxygenation rescue for
cardiopulmonary resuscitation in pediatric patients. Crit Care Med. 2008;36:1607–1613. doi: 10.1097/CCM.0b013e318170b82b.
108. Chen YS, Lin JW, Yu HY, Ko WJ, Jerng JS, Chang WT, Chen WJ, Huang SC, Chi NH, Wang CH, Chen LC, Tsai PR, Wang SS, Hwang
JJ, Lin FY. Cardiopulmonary resuscitation with assisted extracor- poreal life-support versus conventional cardiopulmonary resuscitation in adults with in-hospital cardiac arrest: an observational study and propensity analysis. Lancet. 2008;372:554–561. doi: 10.1016/
S0140-6736(08)60958-7.
109. Shin TG, Choi JH, Jo IJ, Sim MS, Song HG, Jeong YK, Song YB, Hahn JY, Choi SH, Gwon HC, Jeon ES, Sung K, Kim WS, Lee YT.
Extracorporeal cardiopulmonary resuscitation in patients with inhospital cardiac arrest: A comparison with conventional
cardiopulmonary resuscitation. Crit Care Med. 2011;39:1–7. doi: 10.1097/CCM.0b013e3181feb339.
110.

Part 6: Alternative Techniques and Ancillary Devices for Cardiopulmonary Resuscitation

Maekawa K, Tanno K, Hase M, Mori K, Asai Y. Extracorporeal cardiopulmonary resuscitation for patients with out-of-hospital cardiac
arrest of cardiac origin: a propensity-matched study and pre- dictor analysis. Crit Care Med. 2013;41:1186–1196. doi: 10.1097/
CCM.0b013e31827ca4c8.
111. Sakamoto T, Morimura N, Nagao K, Asai Y, Yokota H, Nara S, Hase M, Tahara Y, Atsumi T; SAVE-J Study Group. Extracorporeal
cardio- pulmonary resuscitation versus conventional cardiopulmonary resus- citation in adults with out-of-hospital cardiac arrest: a
prospective observational study. Resuscitation. 2014;85:762–768. doi: 10.1016/j. resuscitation.2014.01.031.

24

