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Introduction
Basic life support (BLS), advanced cardiovascular life sup-
port (ACLS), and post–cardiac arrest care are labels of con-
venience that each describe a set of skills and knowledge that 
are applied sequentially during the treatment of patients who 
have a cardiac arrest. There is overlap as each stage of care 
progresses to the next, but generally ACLS comprises the level 
of care between BLS and post–cardiac arrest care.

ACLS training is recommended for advanced providers 
of both prehospital and in-hospital medical care. In the past, 
much of the data regarding resuscitation was gathered from 
out-of-hospital arrests, but in recent years, data have also been 
collected from in-hospital arrests, allowing for a comparison 
of cardiac arrest and resuscitation in these 2 settings. While 
there are many similarities, there are also some differences 
between in- and out-of-hospital cardiac arrest etiology, which 
may lead to changes in recommended resuscitation treatment 
or in sequencing of care. The consideration of steroid admin-
istration for in-hospital cardiac arrest (IHCA) versus out-of-
hospital cardiac arrest (OHCA) is one such example discussed 
in this Part.

The recommendations in this 2015 American Heart 
Association (AHA) Guidelines Update for Cardiopulmonary 
Resuscitation (CPR) and Emergency Cardiovascular Care 
(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 Recommendations1 and was completed in 
February 2015.2

In this in-depth evidence review process, the ILCOR 
task forces examined topics and then generated prioritized 
lists of questions for systematic review. Questions were first 
formulated in PICO (population, intervention, comparator, 
outcome) format,3 and then a search strategy and inclusion 
and exclusion criteria were defined and a search for relevant 
articles was performed. The evidence was evaluated by using 
the standardized methodological approach proposed by the 

Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) Working Group.4

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 this 2015 Guidelines Update, the AHA formed 
15 writing groups, with careful attention to avoid or manage 
conflicts of interest, to assess the ILCOR treatment recom-
mendations and to write AHA treatment recommendations 
by using the AHA Class of Recommendation and Level of 
Evidence (LOE) system.

The recommendations made in this 2015 Guidelines 
Update are informed by the ILCOR recommendations and 
GRADE classification, in the context of the delivery of medical 
care in North America. The AHA ACLS writing group made 
new recommendations only on topics specifically reviewed by 
ILCOR in 2015. This chapter delineates any instances where 
the AHA writing group developed recommendations that are 
substantially different than the ILCOR statements. In the 
online version of this document, live links are provided so the 
reader can connect directly to the systematic reviews on the 
Scientific Evidence Evaluation and Review System (SEERS) 
website. These links are indicated by a superscript combina-
tion of letters and numbers (eg, ALS 433).

This update uses the newest AHA COR and LOE classi-
fication system, which contains modifications of the Class III 
recommendation and introduces LOE B-R (randomized stud-
ies) and B-NR (nonrandomized studies) as well as LOE C-LD 
(limited data) and LOE C-EO (consensus of expert opinion). 
All recommendations made in this 2015 Guidelines Update, 
as well as in the 2010 Guidelines, are listed in the Appendix. 
For further information, see “Part 2: Evidence Evaluation and 
Management of Conflicts of Interest.”

The ILCOR ACLS Task Force addressed 37 PICO 
questions related to ACLS care (presented in this Part) in 
2015. These questions included oxygen dose during CPR, 
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advanced airway devices, ventilation rate during CPR, 
exhaled carbon dioxide (CO

2
) detection for confirmation 

of airway placement, physiologic monitoring during CPR, 
prognostication during CPR, defibrillation, antiarrhyth-
mic drugs, and vasopressors. The 2 new topics are steroids 
and hormones in cardiac arrest, and extracorporeal CPR 
(ECPR), perhaps better known to the inpatient provider 
community as extracorporeal life support (ECMO). The 
2010 Guidelines Part on electrical therapies (defibrillation 
and emergency pacing) has been eliminated, and relevant 
material from it is now included in this ACLS Part.

The major changes in the 2015 ACLS guidelines include 
recommendations about prognostication during CPR based 
on exhaled CO

2
 measurements, timing of epinephrine admin-

istration stratified by shockable or nonshockable rhythms, 
and the possibility of bundling treatment of steroids, vaso-
pressin, and epinephrine for treatment of in-hospital arrests. 
In addition, the administration of vasopressin as the sole 
vasoactive drug during CPR has been removed from the 
algorithm.

Adjuncts to CPR
Oxygen Dose During CPRALS 889

The 2015 ILCOR systematic review considered inhaled oxy-
gen delivery both during CPR and in the post–cardiac arrest 
period. This 2015 Guidelines Update evaluates the optimal 
inspired concentration of oxygen during CPR. The immediate 
goals of CPR are to restore the energy state of the heart so it 
can resume mechanical work and to maintain the energy state 
of the brain to minimize ischemic injury. Adequate oxygen 
delivery is necessary to achieve these goals. Oxygen delivery 
is dependent on both blood flow and arterial oxygen content. 
Because blood flow is typically the major limiting factor to 
oxygen delivery during CPR, it is theoretically important to 
maximize the oxygen content of arterial blood by maximizing 
inspired oxygen concentration. Maximal inspired oxygen can 
be achieved with high-flow oxygen into a resuscitation bag 
device attached to a mask or an advanced airway.

2015 Evidence Summary
There were no adult human studies identified that directly 
compared maximal inspired oxygen with any other inspired 
oxygen concentration. However, 1 observational study of 
145 OHCA patients evaluated arterial Po

2
 measured dur-

ing CPR and cardiac arrest outcomes.5 In this study, during 
which all patients received maximal inspired oxygen con-
centration, patients were divided into low, intermediate, and 
high arterial Po

2
 ranges (less than 61, 61–300, and greater 

than 300 mm Hg, respectively). The higher ranges of arterial 
Po

2
 during CPR were associated with an increase in hospi-

tal admission rates (low, 18.8%; intermediate, 50.6%; and 
high, 83.3%). However, there was no statistical difference in 
overall neurologic survival (low, 3.1%; intermediate, 13.3%; 
and high, 23.3%). Of note, this study did not evaluate the 
provision of various levels of inspired oxygen, so differences 
between groups likely reflect patient-level differences in CPR 
quality and underlying pathophysiology. This study did not 
find any association between hyperoxia during CPR and poor 
outcome.

2015 Recommendation—Updated
When supplementary oxygen is available, it may be reason-
able to use the maximal feasible inspired oxygen concentra-
tion during CPR (Class IIb, LOE C-EO).

Evidence for detrimental effects of hyperoxia that 
may exist in the immediate post–cardiac arrest period 
should not be extrapolated to the low-flow state of CPR 
where oxygen delivery is unlikely to exceed demand or 
cause an increase in tissue Po

2
. Therefore, until further 

data are available, physiology and expert consensus sup-
port providing the maximal inspired oxygen concentration  
during CPR.

Monitoring Physiologic Parameters  
During CPRALS 656

Monitoring both provider performance and patient physi-
ologic parameters during CPR is essential to optimizing CPR 
quality. The 2010 Guidelines put a strong emphasis on CPR 
quality. In 2013, the AHA published a Consensus Statement 
focused on strategies to improve CPR quality.6 In 2015, the 
ILCOR ACLS Task Force evaluated the available clinical 
evidence to determine whether using physiologic feedback 
to guide CPR quality improved survival and neurologic 
outcome.

2015 Evidence Summary
Animal and human studies indicate that monitoring physi-
ologic parameters during CPR provides valuable informa-
tion about the patient’s condition and response to therapy. 
Most important, end-tidal CO

2
 (ETCO

2
), coronary perfusion 

pressure, arterial relaxation pressure, arterial blood pres-
sure, and central venous oxygen saturation correlate with 
cardiac output and myocardial blood flow during CPR, and 
threshold values have been reported below which return 
of spontaneous circulation (ROSC) is rarely achieved.7–13 
These parameters can be monitored continuously, without 
interrupting chest compressions. An abrupt increase in any 
of these parameters is a sensitive indicator of ROSC.14–31 
There is evidence that these and other physiologic param-
eters can be modified by interventions aimed at improving 
CPR quality.7,32–43

The 2015 ILCOR systematic review was unable to identify 
any clinical trials that have studied whether titrating resuscita-
tive efforts to a single or combined set of physiologic param-
eters during CPR results in improved survival or neurologic 
outcome.

2015 Recommendation—Updated
Although no clinical study has examined whether titrating 
resuscitative efforts to physiologic parameters during CPR 
improves outcome, it may be reasonable to use physiologic 
parameters (quantitative waveform capnography, arterial 
relaxation diastolic pressure, arterial pressure monitoring, 
and central venous oxygen saturation) when feasible to 
monitor and optimize CPR quality, guide vasopressor ther-
apy, and detect ROSC (Class IIb, LOE C-EO).

Previous guidelines specified physiologic parameter 
goals; however, because the precise numerical targets for 
these parameters during resuscitation have not as yet been 
established, these were not specified in 2015.
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Ultrasound During Cardiac ArrestALS 658

Bedside cardiac and noncardiac ultrasound are frequently used 
as diagnostic and prognostic tools for critically ill patients.44 
Ultrasound may be applied to patients receiving CPR to help 
assess myocardial contractility and to help identify potentially 
treatable causes of cardiac arrest such as hypovolemia, pneu-
mothorax, pulmonary thromboembolism, or pericardial tam-
ponade.45 However, it is unclear whether important clinical 
outcomes are affected by the routine use of ultrasound among 
patients experiencing cardiac arrest.

2015 Evidence Summary
One limited study with a small sample size was identified that 
specifically addressed the utility of ultrasound during car-
diac arrest. This study evaluated bedside cardiac ultrasound 
use during ACLS among adult patients in pulseless electri-
cal activity arrest and found no difference in the incidence of 
ROSC when ultrasound was used.46

2015 Recommendations—Updated
Ultrasound (cardiac or noncardiac) may be considered during 
the management of cardiac arrest, although its usefulness has 
not been well established (Class IIb, LOE C-EO).

If a qualified sonographer is present and use of ultrasound 
does not interfere with the standard cardiac arrest treatment 
protocol, then ultrasound may be considered as an adjunct to 
standard patient evaluation (Class IIb, LOE C-EO).

Adjuncts for Airway Control and Ventilation
This portion of the 2015 Guidelines Update focuses on recom-
mendations for airway management based on rate of survival 
and favorable neurologic outcome.

Bag-Mask Ventilation Compared With Any 
Advanced Airway During CPRALS 783

Bag-mask ventilation is a commonly used method for provid-
ing oxygenation and ventilation in patients with respiratory 
insufficiency or arrest. When cardiac arrest occurs, provid-
ers must determine the best way to support ventilation and 
oxygenation. Options include standard bag-mask ventilation 
versus the placement of an advanced airway (ie, endotracheal 
tube [ETT], supraglottic airway device [SGA]). Previous 
guidelines recommended that prolonged interruptions in 
chest compressions should be avoided during transitions from 
bag-mask ventilation to an advanced airway device. In 2015, 
ILCOR evaluated the evidence comparing the effect of bag-
mask ventilation versus advanced airway placement on over-
all survival and neurologic outcome from cardiac arrest.

2015 Evidence Summary
There is inadequate evidence to show a difference in survival 
or favorable neurologic outcome with the use of bag-mask 
ventilation compared with endotracheal intubation47–53 or other 
advanced airway devices.47,49–51,54 The majority of these retro-
spective observational studies demonstrated slightly worse 
survival with the use of an advanced airway when compared 
with bag-mask ventilation. However, interpretation of these 
results is limited by significant concerns of selection bias. Two 
additional observational studies54,55 showed no difference in 
survival.

Advanced Airway Placement Choice
Advanced airway devices are frequently placed by experi-
enced providers during CPR if bag-mask ventilation is inad-
equate or as a stepwise approach to airway management. 
Placement of an advanced airway may result in interruption 
of chest compressions, and the ideal timing of placement to 
maximize outcome has not been adequately studied. The use 
of an advanced airway device such as an ETT or SGA and the 
effect of ventilation technique on overall survival and neuro-
logic outcome was evaluated in 2015.

2015 Evidence Summary

Endotracheal Intubation Versus Bag-Mask Ventilation
There is no high-quality evidence favoring the use of endo-
tracheal intubation compared with bag-mask ventilation or an 
advanced airway device in relation to overall survival or favor-
able neurologic outcome.47–53 Evaluating retrospective studies 
that compare bag-mask ventilation to endotracheal intubation 
is challenging because patients with more severe physiologic 
compromise will typically receive more invasive care (includ-
ing endotracheal intubation) than patients who are less com-
promised and more likely to survive. Within that context, a 
number of retrospective studies show an association of worse 
outcome in those who were intubated as compared with those 
receiving bag-mask ventilation. While the studies did attempt 
to control for confounders, bias still may have been pres-
ent, limiting the interpretation of these investigations. These 
studies illustrate that endotracheal intubation can be associ-
ated with a number of complications and that the procedure 
requires skill and experience. Risks of endotracheal intubation 
during resuscitation include unrecognized esophageal intuba-
tion and increased hands-off time.

Supraglottic Airway Devices
Several retrospective studies compared a variety of supraglot-
tic devices (laryngeal mask airway, laryngeal tube, Combitube, 
esophageal obturator airway) to both bag-mask ventilation 
and endotracheal intubation. There is no high-quality evi-
dence demonstrating a difference in survival rate or favorable 
neurologic outcome from use of an SGA compared with bag-
mask ventilation47,49–51 or endotracheal intubation.47,49,50,54,56–61 
Three observational studies demonstrated a lower rate of both 
overall survival and favorable neurologic outcome when SGA 
use was compared with bag-mask ventilation,47,49,51 whereas 
another observational study demonstrated similar survival 
rates.50

In studies comparing SGA insertion to endotracheal intu-
bation, no high-quality studies have demonstrated a difference 
in overall survival or favorable neurologic outcome.50,54,56–58,61 
Several retrospective observational studies show more favor-
able outcome with the use of an SGA device, whereas other 
studies favor the use of endotracheal intubation.47,49,50,59–61

2015 Recommendations—Updated
Either a bag-mask device or an advanced airway may be used 
for oxygenation and ventilation during CPR in both the in-
hospital and out-of-hospital setting (Class IIb, LOE C-LD).

For healthcare providers trained in their use, either an 
SGA device or an ETT may be used as the initial advanced 
airway during CPR (Class IIb, LOE C-LD).
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Recommendations for advanced airway placement pre-
sume that the provider has the initial training and skills as 
well as the ongoing experience to insert the airway and verify 
proper position with minimal interruption in chest compres-
sions. Bag-mask ventilation also requires skill and proficiency. 
The choice of bag-mask device versus advanced airway inser-
tion, then, will be determined by the skill and experience of 
the provider.

Clinical Assessment of Tracheal Tube  
PlacementALS 469

The 2015 ILCOR systematic review considered tracheal tube 
placement during CPR. This section evaluates methods for 
confirming correct tracheal tube placement.

Attempts at endotracheal intubation during CPR have been 
associated with unrecognized tube misplacement or displace-
ment as well as prolonged interruptions in chest compression. 
Inadequate training, lack of experience, patient physiology 
(eg, low pulmonary blood flow, gastric contents in the tra-
chea, airway obstruction), and patient movement may con-
tribute to tube misplacement. After correct tube placement, 
tube displacement or obstruction may develop. In addition to 
auscultation of the lungs and stomach, several methods (eg, 
waveform capnography, CO

2
 detection devices, esophageal 

detector device, tracheal ultrasound, fiberoptic bronchoscopy) 
have been proposed to confirm successful tracheal intubation 
in adults during cardiac arrest.

2015 Evidence Summary
The evidence regarding the use of tracheal detection devices 
during cardiac arrest is largely observational. Observational 
studies and 1 small randomized study of waveform capnogra-
phy to verify ETT position in victims of cardiac arrest report a 
specificity of 100% for correct tube placement.62–64 Although 
the sensitivity of waveform capnography for detecting tracheal 
tube placement immediately after prehospital intubation was 
100% in 1 study,62 several other studies showed that the sen-
sitivity of waveform capnography decreases after a prolonged 
cardiac arrest.63–65 Differences in sensitivity can be explained 
by the low pulmonary blood flow during cardiac arrest, which 
will decrease ETCO

2
 concentration.

Although exhaled CO
2
 detection suggests correct tracheal 

tube placement, false-positive results (CO
2
 detection with 

esophageal intubation) can occur after ingestion of carbonated 
liquids.66 False-negative results (ie, absent exhaled CO

2
 in the 

presence of tracheal intubation) can occur in the setting of pul-
monary embolism, significant hypotension, contamination of 
the detector with gastric contents, and severe airflow obstruc-
tion.15,67,68 The use of CO

2
-detecting devices to determine the 

correct placement of other advanced airways (eg, Combitube, 
laryngeal mask airway) has not been studied, but, as with 
an ETT, effective ventilation should produce a capnography 
waveform during CPR and after ROSC.

Colorimetric and nonwaveform CO
2
 detectors can identify 

the presence of exhaled CO
2
 from the respiratory tract, but 

there is no evidence that these devices are accurate for contin-
ued monitoring of ETT placement.15,62,69–73 Moreover, because 
a minimal threshold of CO

2
 must be reached to activate the 

detector and exhaled CO
2
 is low in cardiac arrest, proper 

placement of an ETT may not be confirmed with this qualita-
tive methodology.

While observational studies and a small randomized con-
trolled trial (RCT) of esophageal detector devices report a low 
false-positive rate for confirming tracheal placement, there is 
no evidence that these devices are accurate or practical for the 
continued monitoring of ETT placement.63–65,69,74,75

An ultrasound transducer can be placed transversely on 
the anterior neck above the suprasternal notch to identify 
endotracheal or esophageal intubation. In addition, ultrasound 
of the thoracic cavity can identify pleural movement as lung 
sliding. Unlike capnography, confirmation of ETT placement 
via ultrasonography is not dependent on adequate pulmonary 
blood flow and CO

2
 in exhaled gas.76–78 One small prospective 

study of experienced clinicians compared tracheal ultrasound 
to waveform capnography and auscultation during CPR and 
reported a positive predictive value for ultrasound of 98.8% 
and negative predictive value of 100%.78 The usefulness of 
tracheal and pleural ultrasonography, like fiberoptic bron-
choscopy, may be limited by abnormal anatomy, availability 
of equipment, and operator experience.

2015 Recommendations—Updated
Continuous waveform capnography is recommended in addi-
tion to clinical assessment as the most reliable method of con-
firming and monitoring correct placement of an ETT (Class I, 
LOE C-LD).

If continuous waveform capnometry is not available, a 
nonwaveform CO

2
 detector, esophageal detector device, or 

ultrasound used by an experienced operator is a reasonable 
alternative (Class IIa, LOE C-LD).

Ventilation After Advanced Airway  
PlacementALS 808

The 2015 ILCOR systematic review addressed the optimal 
ventilation rate during continuous chest compressions among 
adults in cardiac arrest with an advanced airway. This 2015 
Guidelines Update for ACLS applies only to patients who 
have been intubated and are in cardiac arrest. The effect of 
tidal volume and any other ventilation parameters during CPR 
are not addressed in this recommendation.

Except for respiratory rate, it is unknown whether monitor-
ing ventilatory parameters (eg, minute ventilation, peak pres-
sure) during CPR can influence outcome. However, positive 
pressure ventilation increases intrathoracic pressure and may 
reduce venous return and cardiac output, especially in patients 
with hypovolemia or obstructive airway disease. Ventilation at 
inappropriately high respiratory rates (greater than 25 breaths/ 
min) is common during resuscitation from cardiac arrest.79,80 
There is concern that excessive ventilation in the setting of 
cardiac arrest may be associated with worse outcome.

2015 Evidence Summary
No human clinical trials were found addressing whether a 
ventilation rate of 10 breaths/min, compared with any other 
ventilation rate, changes survival with favorable neurologic or 
functional outcome. Although there have been a number of 
animal studies79,81–89 and 1 human observational study90 evalu-
ating ventilation rates during CPR, the design and data from 
these studies did not allow for the assessment of the effect of a 
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ventilation rate of 10 per minute compared with any other rate 
for ROSC or other outcomes.

2015 Recommendation—Updated
After placement of an advanced airway, it may be reason-
able for the provider to deliver 1 breath every 6 seconds (10 
breaths/min) while continuous chest compressions are being 
performed (Class IIb, LOE C-LD).

Management of Cardiac Arrest
Defibrillation Strategies for Ventricular Fibrillation 
or Pulseless Ventricular Tachycardia: Waveform 
Energy and First-Shock SuccessALS 470

Currently manufactured manual and automated exter-
nal defibrillators use biphasic waveforms of 3 different 
designs: biphasic truncated exponential (BTE), rectilin-
ear biphasic (RLB), and pulsed biphasic waveforms; they 
deliver different peak currents at the same programmed 
energy setting and may adjust their energy output in rela-
tion to patient impedance in differing ways. These factors 
can make comparisons of shock efficacy between devices 
from different manufacturers challenging even when the 
same programmed energy setting is used. A substantial 
body of evidence now exists for the efficacy of BTE and 
RLB waveforms, with a smaller body of evidence for the 
pulsed waveform. An impedance-compensated version of 
the pulsed biphasic waveform is now clinically available, 
but no clinical studies were identified to define its perfor-
mance characteristics.

2015 Evidence Summary
There is no evidence indicating superiority of one biphasic 
waveform or energy level for the termination of ventricular 
fibrillation (VF) with the first shock (termination is defined 
as absence of VF at 5 seconds after shock). All published 
studies support the effectiveness (consistently in the range 
of 85%–98%)91 of biphasic shocks using 200 J or less for 
the first shock.91 Defibrillators using the RLB waveform 
typically deliver more shock energy than selected, based on 
patient impedance. Thus, in the single study in which a manu-
facturer’s nonescalating energy device was programmed to 
deliver 150 J shocks, comparison with other devices was not 
possible because shock energy delivery in other devices is 
adjusted for measured patient impedance. For the RLB, a 
selected energy dose of 120 J typically provides nearly 150 J 
for most patients.

2015 Recommendations—Updated
Defibrillators (using BTE, RLB, or monophasic waveforms) 
are recommended to treat atrial and ventricular arrhythmias 
(Class I, LOE B-NR).

Based on their greater success in arrhythmia termination, 
defibrillators using biphasic waveforms (BTE or RLB) are 
preferred to monophasic defibrillators for treatment of both 
atrial and ventricular arrhythmias (Class IIa, LOE B-R).

In the absence of conclusive evidence that 1 biphasic 
waveform is superior to another in termination of VF, it is rea-
sonable to use the manufacturer’s recommended energy dose 
for the first shock. If this is not known, defibrillation at the 
maximal dose may be considered (Class IIb, LOE C-LD).

Defibrillation Strategies for Ventricular Fibrillation 
or Pulseless Ventricular Tachycardia: Energy Dose 
for Subsequent Shocks
The 2010 Guidelines regarding treatment of VF/pulseless ven-
tricular tachycardia (pVT) recommended that if the first shock 
dose did not terminate VF/pVT, the second and subsequent 
doses should be equivalent, and higher doses may be consid-
ered. The evidence supporting energy dose for subsequent 
shocks was evaluated for this 2015 Guidelines Update.

2015 Evidence Summary
Observational data indicate that an automated external defi-
brillator administering a high peak current at 150 J biphasic 
fixed energy can terminate initial, as well as persistent or 
recurrent VF, with a high rate of conversion.92 In fact, the 
high conversion rate achieved with all biphasic waveforms for 
the first shock makes it difficult to study the energy require-
ments for second and subsequent shocks when the first shock 
is not successful. A 2007 study attempted to determine if a 
fixed lower energy dose or escalating higher doses were asso-
ciated with better outcome in patients requiring more than 1 
shock. Although termination of VF at 5 seconds after shock 
was higher in the escalating higher-energy group (82.5% ver-
sus 71.2%), there were no significant differences in ROSC, 
survival to discharge, or survival with favorable neurologic 
outcome between the 2 groups. In this study, only 1 manu-
facturer’s nonescalating energy device, programmed to deliver 
150-J shocks, was used. Thus, it is not possible to compare 
this 150-J shock with that delivered by any other device set to 
deliver 150 J.

There is a decline in shock success with repeated shocks. 
One nonrandomized trial that used a BTE waveform reported 
a decline in shock success when repeated shocks at the same 
energy were administered.93 For the RLB waveform, 1 obser-
vational study reported an initial VF termination rate of 87.8% 
at a selected energy setting of 120 J and an 86.4% termination 
rate for persistent VF. Recurrence of VF did not affect ultimate 
shock success, ROSC, or discharge survival.94

2015 Recommendations—Updated
It is reasonable that selection of fixed versus escalating energy 
for subsequent shocks be based on the specific manufacturer’s 
instructions (Class IIa, LOE C-LD).

If using a manual defibrillator capable of escalating ener-
gies, higher energy for second and subsequent shocks may be 
considered (Class IIb, LOE C-LD).

Defibrillation Strategies for Ventricular Fibrillation 
or Pulseless Ventricular Tachycardia: Single Shocks 
Versus Stacked Shocks
The 2010 Guidelines recommended a 2-minute period of 
CPR after each shock instead of immediate successive shocks 
for persistent VF. The rationale for this is at least 3-fold: 
First, VF is terminated with a very high rate of success with 
biphasic waveforms. Second, when VF is terminated, a brief 
period of asystole or pulseless electrical activity (PEA) typi-
cally ensues and a perfusing rhythm is unlikely to be present 
immediately. Third, this provides for a period of uninter-
rupted CPR following a shock before repeat rhythm analysis. 
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The evidence for single versus stacked shocks was reviewed 
again in 2015.

2015 Evidence Summary
One RCT that comprised 845 OHCA patients found no dif-
ference in 1-year survival when a single shock protocol with 
2 minutes of CPR between successive shocks was compared 
against a previous resuscitation protocol employing 3 initial 
stacked shocks with 1 minute of CPR between subsequent 
shocks (odds ratio, 1.64; 95% confidence interval, 0.53–
5.06).95 An RCT published in 2010 showed no difference in 
frequency of VF recurrence when comparing the 2 treatment 
protocols.96 In that study, increased time in recurrent VF was 
associated with decreased favorable neurologic survival under 
either protocol.

There is evidence that resumption of chest compressions 
immediately after a shock can induce recurrent VF, but the 
benefit of CPR in providing myocardial blood flow is thought 
to outweigh the benefit of immediate defibrillation for the 
VF.97 Another study of patients presenting in VF after a wit-
nessed arrest concluded that recurrence of VF within 30 sec-
onds of a shock was not affected by the timing of resumption 
of chest compressions.98 Thus, the effect of chest compres-
sions on recurrent VF is not clear. It is likely that in the future, 
algorithms that recognize recurrent VF during chest compres-
sions with high sensitivity and specificity will allow us to 
deliver a shock earlier in the CPR cycle, thereby reducing the 
length of time the myocardium is fibrillating and the duration 
of postshock CPR.99

2015 Recommendation—Updated
A single-shock strategy (as opposed to stacked shocks) is rea-
sonable for defibrillation (Class IIa, LOE B-NR).

Antiarrhythmic Drugs During and Immediately 
After Cardiac ArrestALS 428

The 2015 ILCOR systematic review addressed whether the 
administration of antiarrhythmic drugs for cardiac arrest due 
to refractory VF or pVT results in better outcome.

Antiarrhythmic Drugs During and Immediately 
After Cardiac Arrest: Antiarrhythmic Therapy for 
Refractory VF/pVT Arrest
Refractory VF/pVT refers to VF or pVT that persists or recurs 
after 1 or more shocks. It is unlikely that an antiarrhythmic 
drug will itself pharmacologically convert VF/pVT to an 
organized perfusing rhythm. Rather, the principal objective 
of antiarrhythmic drug therapy in shock-refractory VF/pVT 
is to facilitate the restoration and maintenance of a spontane-
ous perfusing rhythm in concert with the shock termination 
of VF. Some antiarrhythmic drugs have been associated with 
increased rates of ROSC and hospital admission, but none 
have yet been proven to increase long-term survival or survival 
with good neurologic outcome. Thus, establishing vascular 
access to enable drug administration should not compromise 
the quality of CPR or timely defibrillation, which are known 
to improve survival. The optimal sequence of ACLS interven-
tions, including administration of antiarrhythmic drugs dur-
ing resuscitation and the preferred manner and timing of drug 

administration in relation to shock delivery, is not known. 
Previous ACLS guidelines addressed the use of magnesium 
in cardiac arrest with polymorphic ventricular tachycardia 
(ie, torsades de pointes) or suspected hypomagnesemia, and 
this has not been reevaluated in this 2015 Guidelines Update. 
These previous guidelines recommended defibrillation for 
termination of polymorphic VT (ie, torsades de pointes), fol-
lowed by consideration of intravenous magnesium sulfate 
when secondary to a long QT interval.

The 2015 ILCOR systematic review did not specifically 
address the selection or use of second-line antiarrhythmic 
medications in patients who are unresponsive to a maximum 
therapeutic dose of the first administered drug, and there are 
limited data available to direct such treatment.

2015 Evidence Summary

Amiodarone
Intravenous amiodarone is available in 2 approved formula-
tions in the United States, one containing polysorbate 80, a 
vasoactive solvent that can provoke hypotension, and one con-
taining captisol, which has no vasoactive effects. In blinded 
RCTs in adults with refractory VF/pVT in the out-of-hospital 
setting, paramedic administration of amiodarone in polysor-
bate (300 mg or 5 mg/kg) after at least 3 failed shocks and 
administration of epinephrine improved hospital admission 
rates when compared to placebo with polysorbate100 or 1.5 
mg/kg lidocaine with polysorbate.101 Survival to hospital 
discharge and survival with favorable neurologic outcome, 
however, was not improved by amiodarone compared with 
placebo or amiodarone compared with lidocaine, although 
these studies were not powered for survival or favorable neu-
rologic outcome.

Lidocaine
Intravenous lidocaine is an alternative antiarrhythmic drug of 
long-standing and widespread familiarity. Compared with no 
antiarrhythmic drug treatment, lidocaine did not consistently 
increase ROSC and was not associated with improvement in 
survival to hospital discharge in observational studies.102,103 
In a prospective, blinded, randomized clinical trial, lidocaine 
was less effective than amiodarone in improving hospital 
admission rates after OHCA due to shock-refractory VF/pVT, 
but there were no differences between the 2 drugs in survival 
to hospital discharge.101

Procainamide
Procainamide is available only as a parenteral formulation in 
the United States. In conscious patients, procainamide can be 
given only as a controlled infusion (20 mg/min) because of its 
hypotensive effects and risk of QT prolongation, making it dif-
ficult to use during cardiac arrest. Procainamide was recently 
studied as a second-tier antiarrhythmic agent in patients with 
OHCA due to VF/pVT that was refractory to lidocaine and 
epinephrine. In this study, the drug was given as a rapid infu-
sion of 500 mg (repeated as needed up to 17 mg/kg) during 
ongoing CPR. An unadjusted analysis showed lower rates of 
hospital admission and survival among the 176 procainamide 
recipients as compared with 489 nonrecipients. After adjust-
ment for patients’ clinical and resuscitation characteristics, no 
association was found between use of the drug and hospital 
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admission or survival to hospital discharge, although a modest 
survival benefit from the drug could not be excluded.104

Magnesium
Magnesium acts as a vasodilator and is an important cofactor 
in regulating sodium, potassium, and calcium flow across cell 
membranes. In 3 randomized clinical trials, magnesium was 
not found to increase rates of ROSC for cardiac arrest due 
to any presenting rhythm,105 including VF/pVT.106,107 In these 
RCTs and in 1 additional randomized clinical trial, the use of 
magnesium in cardiac arrest for any rhythm presentation of 
cardiac arrest105,108 or strictly for VF arrest106,107 did not improve 
survival to hospital discharge or neurologic outcome.108

2015 Recommendations—Updated
Amiodarone may be considered for VF/pVT that is unrespon-
sive to CPR, defibrillation, and a vasopressor therapy (Class 
IIb, LOE B-R).

Lidocaine may be considered as an alternative to amioda-
rone for VF/pVT that is unresponsive to CPR, defibrillation, 
and vasopressor therapy (Class IIb, LOE C-LD).

The routine use of magnesium for VF/pVT is not recom-
mended in adult patients (Class III: No Benefit, LOE B-R).

No antiarrhythmic drug has yet been shown to increase 
survival or neurologic outcome after cardiac arrest due to 
VF/pVT. Accordingly, recommendations for the use of anti-
arrhythmic medications in cardiac arrest are based primarily 
on the potential for benefit on short-term outcome until more 
definitive studies are performed to address their effect on sur-
vival and neurologic outcome.

Antiarrhythmic Drugs During and Immediately 
After Cardiac Arrest: Antiarrhythmic Drugs After 
ResuscitationALS 493

The 2015 ILCOR systematic review addressed whether, after 
successful termination of VF or pVT cardiac arrest, the pro-
phylactic administration of antiarrhythmic drugs for cardiac 
arrest results in better outcome. The only medications studied 
in this context are β-adrenergic blocking drugs and lidocaine, 
and the evidence for their use is limited.

2015 Evidence Summary

β-Adrenergic Blocking Drugs
β-Adrenergic blocking drugs blunt heightened catecholamine 
activity that can precipitate cardiac arrhythmias. The drugs 
also reduce ischemic injury and may have membrane-stabi-
lizing effects. In 1 observational study of oral or intravenous 
metoprolol or bisoprolol during hospitalization after cardiac 
arrest due to VF/pVT, recipients had a significantly higher 
adjusted survival rate than nonrecipients at 72 hours after 
ROSC and at 6 months.109 Conversely, β-blockers can cause 
or worsen hemodynamic instability, exacerbate heart failure, 
and cause bradyarrhythmias, making their routine adminis-
tration after cardiac arrest potentially hazardous. There is no 
evidence addressing the use of β-blockers after cardiac arrest 
precipitated by rhythms other than VF/pVT.

Lidocaine
Early studies in patients with acute myocardial infarction found 
that lidocaine suppressed premature ventricular complexes 

and nonsustained VT, rhythms that were believed to pres-
age VF/pVT. Later studies noted a disconcerting association 
between lidocaine and higher mortality after acute myocardial 
infarction, possibly due to a higher incidence of asystole and 
bradyarrhythmias; the routine practice of administering pro-
phylactic lidocaine during acute myocardial infarction was 
abandoned.110,111 The use of lidocaine was explored in a mul-
tivariate and propensity score–adjusted analysis of patients 
resuscitated from out-of-hospital VF/pVT arrest. In this obser-
vational study of 1721 patients, multivariate analysis found the 
prophylactic administration of lidocaine before hospitalization 
was associated with a significantly lower rate of recurrent VF/
pVT and higher rates of hospital admission and survival to 
hospital discharge. However, in a propensity score–adjusted 
analysis, rates of hospital admission and survival to hospital 
discharge did not differ between recipients of prophylactic 
lidocaine as compared with nonrecipients, although lidocaine 
was associated with less recurrent VF/pVT and there was no 
evidence of harm.112 Thus, evidence supporting a role for pro-
phylactic lidocaine after VF/pVT arrest is weak at best, and 
nonexistent for cardiac arrest initiated by other rhythms.

2015 Recommendations—New
There is inadequate evidence to support the routine use of lido-
caine after cardiac arrest. However, the initiation or continua-
tion of lidocaine may be considered immediately after ROSC 
from cardiac arrest due to VF/pVT (Class IIb, LOE C-LD).

There is inadequate evidence to support the routine use 
of a β-blocker after cardiac arrest. However, the initiation or 
continuation of an oral or intravenous β-blocker may be con-
sidered early after hospitalization from cardiac arrest due to 
VF/pVT (Class IIb, LOE C-LD).

There is insufficient evidence to recommend for or against 
the routine initiation or continuation of other antiarrhythmic 
medications after ROSC from cardiac arrest.

Vasopressors in Cardiac Arrest
The 2015 ILCOR systematic review addresses the use of 
the vasopressors epinephrine and vasopressin during cardiac 
arrest. The new recommendations in this 2015 Guidelines 
Update apply only to the use of these vasopressors for this 
purpose.

Vasopressors in Cardiac Arrest: Standard-Dose 
EpinephrineALS 788

Epinephrine produces beneficial effects in patients during car-
diac arrest, primarily because of its α-adrenergic (ie, vasocon-
strictor) effects. These α-adrenergic effects of epinephrine can 
increase coronary perfusion pressure and cerebral perfusion 
pressure during CPR. The value and safety of the β-adrenergic 
effects of epinephrine are controversial because they may 
increase myocardial work and reduce subendocardial perfu-
sion. The 2010 Guidelines stated that it is reasonable to con-
sider administering a 1-mg dose of IV/IO epinephrine every 3 
to 5 minutes during adult cardiac arrest.

2015 Evidence Summary
One trial113 assessed short-term and longer-term outcomes 
when comparing standard-dose epinephrine to placebo. 
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Standard-dose epinephrine was defined as 1 mg given IV/
IO every 3 to 5 minutes. For both survival to discharge and 
survival to discharge with good neurologic outcome, there 
was no benefit with standard-dose epinephrine; however, the 
study was stopped early and was therefore underpowered 
for analysis of either of these outcomes (enrolled approxi-
mately 500 patients as opposed to the target of 5000). There 
was, nevertheless, improved survival to hospital admission 
and improved ROSC with the use of standard-dose epi-
nephrine. Observational studies were performed that evalu-
ated epinephrine, with conflicting results.114,115

2015 Recommendation—Updated
Standard-dose epinephrine (1 mg every 3 to 5 minutes) may be 
reasonable for patients in cardiac arrest (Class IIb, LOE B-R).

Vasopressors in Cardiac Arrest: Standard Dose 
Epinephrine Versus High-Dose  
EpinephrineALS 778

High doses of epinephrine are generally defined as doses in 
the range of 0.1 to 0.2 mg/kg. In theory, higher doses of epi-
nephrine may increase coronary perfusion pressure, resulting 
in increased ROSC and survival from cardiac arrest. However, 
the adverse effects of higher doses of epinephrine in the postar-
rest period may negate potential advantages during the intra-
arrest period. Multiple case series followed by randomized 
trials have been performed to evaluate the potential benefit of 
higher doses of epinephrine. In the 2010 Guidelines, the use of 
high-dose epinephrine was not recommended except in special 
circumstances, such as for β-blocker overdose, calcium chan-
nel blocker overdose, or when titrated to real-time physiologi-
cally monitored parameters. In 2015, ILCOR evaluated the use 
of high-dose epinephrine compared with standard doses.

2015 Evidence Summary
A number of trials have compared outcomes from standard-dose 
epinephrine with those of high-dose epinephrine. These trials did 
not demonstrate any benefit for high-dose epinephrine over stan-
dard-dose epinephrine for survival to discharge with a good neu-
rologic recovery (ie, Cerebral Performance Category score),116,117 
survival to discharge,116–120 or survival to hospital admission.116–118,121 
There was, however, a demonstrated ROSC advantage with high-
dose epinephrine.116–121

2015 Recommendation—New
High-dose epinephrine is not recommended for routine use in 
cardiac arrest (Class III: No Benefit, LOE B-R).

Vasopressors in Cardiac Arrest: Epinephrine Versus 
VasopressinALS 659

Vasopressin is a nonadrenergic peripheral vasoconstrictor that 
also causes coronary122,123 and renal vasoconstriction.124

2015 Evidence Summary
A single RCT125 enrolling 336 patients compared multiple doses 
of standard-dose epinephrine with multiple doses of standard-
dose vasopressin (40 units IV) in the emergency department 
after OHCA. The trial had a number of limitations but showed 
no benefit with the use of vasopressin for ROSC or survival to 
discharge with or without good neurologic outcome.

2015 Recommendation—Updated
Vasopressin offers no advantage as a substitute for epineph-
rine in cardiac arrest (Class IIb, LOE B-R).

The removal of vasopressin has been noted in the Adult 
Cardiac Arrest Algorithm (Figure 1).

Vasopressors in Cardiac Arrest: Epinephrine  
Versus Vasopressin in Combination With 
EpinephrineALS 789

2015 Evidence Summary
A number of trials have compared outcomes from standard-
dose epinephrine to those using the combination of epineph-
rine and vasopressin. These trials showed no benefit with the 
use of the epinephrine/vasopressin combination for survival to 
hospital discharge with Cerebral Performance Category score 
of 1 or 2 in 2402 patients,126–128 no benefit for survival to hospi-
tal discharge or hospital admission in 2438 patients,126–130 and 
no benefit for ROSC.126–131

2015 Recommendation—New
Vasopressin in combination with epinephrine offers no 
advantage as a substitute for standard-dose epinephrine in 
cardiac arrest (Class IIb, LOE B-R).

The removal of vasopressin has been noted in the Adult 
Cardiac Arrest Algorithm (Figure 1).

Vasopressors in Cardiac Arrest: Timing of 
Administration of EpinephrineALS 784

2015 Evidence Summary: IHCA
One large (n=25 905 patients) observational study of 
IHCA with nonshockable rhythms was identified,132 in 
which outcomes from early administration of epineph-
rine (1 to 3 minutes) were compared with outcomes 
from administration of epinephrine at 4 to 6 minutes, 7 
to 9 minutes, and greater than 9 minutes. In this study, 
the early administration of epinephrine in nonshockable 
rhythms was associated with increased ROSC, survival to 
hospital discharge, and neurologically intact survival. No 
studies were identified specifically examining the effect 
of timing of administration of epinephrine after IHCA 
with shockable rhythms.

2015 Evidence Summary: OHCA
For nonshockable rhythms, 3 studies showed improved survival 
to hospital discharge with early administration of epineph-
rine. A study of 209 577 OHCA patients133 showed improved 
1-month survival when outcomes from administration of epi-
nephrine at less than 9 minutes of EMS-initiated CPR were 
compared with those in which epinephrine was administered 
at greater than 10 minutes. Another study enrolling 212 228 
OHCA patients134 showed improved survival to discharge with 
early epinephrine (less than 10 minutes after EMS-initiated 
CPR) compared with no epinephrine. A smaller study of 686 
OHCA patients135 showed improved rates of ROSC with early 
epinephrine (less than 10 minutes after 9-1-1 call) when the 
presenting rhythm was pulseless electrical activity. For shock-
able rhythms, there was no benefit with early administration of 
epinephrine, but there was a negative association of outcome 
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Adult Cardiac Arrest Algorithm—2015 Update

Figure 1. Adult Cardiac Arrest Algorithm―2015 Update.

with late administration. When neurologically intact survival 
to discharge was assessed,133,134,136 however, there was vari-
able benefit with early administration of epinephrine for both 
shockable and nonshockable rhythms. Later administration of 
epinephrine was associated with a worse outcome. ROSC was 
generally improved with early administration of epinephrine in 

studies of more than 210 000 patients.120,133,135,137 Design flaws 
in the majority of these observational OHCA studies, how-
ever, included the use of a “no epinephrine” control arm as the 
comparator (thus not allowing for estimates on the effect of 
timing), and the lack of known timing of epinephrine adminis-
tration upon arrival in the emergency department. In addition, 
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the relationship of timing of defibrillation to timing of epineph-
rine is unknown for studies that included shockable rhythms.

2015 Recommendations—Updated
It may be reasonable to administer epinephrine as soon as 
feasible after the onset of cardiac arrest due to an initial non-
shockable rhythm (Class IIb, LOE C-LD).

There is insufficient evidence to make a recommendation 
as to the optimal timing of epinephrine, particularly in rela-
tion to defibrillation, when cardiac arrest is due to a shockable 
rhythm, because optimal timing may vary based on patient 
factors and resuscitation conditions.

SteroidsALS 433

The use of steroids in cardiac arrest has been assessed in 2 
clinical settings: IHCA and OHCA. In IHCA, steroids were 
combined with a vasopressor bundle or cocktail of epineph-
rine and vasopressin. Because the results of IHCA and OHCA 
were so different, these situations are discussed separately.

2015 Evidence Summary: IHCA
In an initial RCT involving 100 IHCA patients at a single 
center, the use of a combination of methylprednisolone, vaso-
pressin, and epinephrine during cardiac arrest and hydrocorti-
sone after ROSC for those with shock significantly improved 
survival to hospital discharge compared with the use of only 
epinephrine and placebo.138 In a subsequent 3-center study 
published in 2013,138 of 268 patients with IHCA (the majority 
coming from the same center as in the first study), the same 
combination of methylprednisolone, vasopressin, and epi-
nephrine during cardiac arrest, and hydrocortisone for those 
with post-ROSC shock, significantly improved survival to 
discharge with good neurologic outcome compared with only 
epinephrine and placebo.

The same 2 RCTs provided evidence that the use of meth-
ylprednisolone and vasopressin in addition to epinephrine 
improved ROSC compared with the use of placebo and epi-
nephrine alone.138,139

2015 Evidence Summary: OHCA
In OHCA, steroids have been evaluated in 1 RCT140 and 1 
observational study.141 In these studies, steroids were not 
bundled as they were in the IHCA but studied as a sole treat-
ment. When dexamethasone was given during cardiac arrest, 
it did not improve survival to hospital discharge or ROSC as 
compared with placebo.140 The observational study141 showed 
no benefit in survival to discharge but did show an associa-
tion of improved ROSC with hydrocortisone compared with 
no hydrocortisone.

2015 Recommendations—New
There are no data to recommend for or against the routine use 
of steroids alone for IHCA patients.

In IHCA, the combination of intra-arrest vasopressin, 
epinephrine, and methylprednisolone and post-arrest hydro-
cortisone as described by Mentzelopoulos et al139 may be 
considered; however, further studies are needed before recom-
mending the routine use of this therapeutic strategy (Class IIb, 
LOE C-LD).

For patients with OHCA, use of steroids during CPR is of 
uncertain benefit (Class IIb, LOE C-LD).

Prognostication During CPR:  
End-Tidal CO2

ALS 459

The 2015 ILCOR systematic review considered one intra-
arrest modality, ETCO

2
 measurement, in prognosticating out-

come from cardiac arrest. This section focuses on whether a 
specific ETCO

2
 threshold can reliably predict ROSC and sur-

vival or inform a decision to terminate resuscitation efforts. 
The potential value of using ETCO

2
 as a physiologic monitor 

to optimize resuscitation efforts is discussed elsewhere (See 
Monitoring Physiologic Parameters During CPR, earlier in 
this Part).

ETCO
2
 is the partial pressure of exhaled carbon dioxide 

at the end of expiration and is determined by CO
2
 produc-

tion, alveolar ventilation, and pulmonary blood flow. It is 
most reliably measured using waveform capnography, where 
the visualization of the actual CO

2
 waveform during ventila-

tion ensures accuracy of the measurement. During low-flow 
states with relatively fixed minute ventilation, pulmonary 
blood flow is the primary determinant of ETCO

2
. During 

cardiac arrest, ETCO
2
 levels reflect the cardiac output gener-

ated by chest compression. Low ETCO
2
 values may reflect 

inadequate cardiac output, but ETCO
2
 levels can also be low 

as a result of bronchospasm, mucous plugging of the ETT, 
kinking of the ETT, alveolar fluid in the ETT, hyperventila-
tion, sampling of an SGA, or an airway with an air leak. It is 
particularly important to recognize that all of the prognos-
tication studies reviewed in this section included only intu-
bated patients. In nonintubated patients (those with bag-mask 
ventilation or SGA), ETCO

2
 may not consistently reflect the 

true value, making the measurement less reliable as a prog-
nostication tool.

2015 Evidence Summary
Studies on the predictive capacity of ETCO

2
 among intubated 

patients during cardiac arrest resuscitation are observational, 
and none have investigated survival with intact neurologic 
outcome. An ETCO

2
 less than 10 mm Hg immediately after 

intubation and 20 minutes after the initial resuscitation 
is associated with extremely poor chances for ROSC and 
survival.9,13,16,19,142

A prospective observational study of 127 IHCA patients 
found that an ETCO

2
 less than 10 mm Hg at any point dur-

ing the resuscitation was predictive of mortality, and only 1 
patient with an ETCO

2
 value less than 10 mm Hg survived 

to discharge.142 In that same study, an ETCO
2
 greater than 

20 mm Hg after 20 minutes of resuscitation was associated 
with improved survival to discharge.142 Another prospective 
observational study of 150 OHCA patients reported no sur-
vival to hospital admission when the ETCO

2
 was less than 

10 mm Hg after 20 minutes of resuscitation.9 Although these 
results suggest that ETCO

2
 can be a valuable tool to predict 

futility during CPR, potential confounding reasons for a low 
ETCO

2
 as listed above and the relatively small numbers of 

patients in these studies suggest that the ETCO
2
 should not be 

used alone as an indication to terminate resuscitative efforts. 
However, the failure to achieve an ETCO

2
 greater than 10 

mm Hg despite optimized resuscitation efforts may be a valu-
able component of a multimodal approach to deciding when 
to terminate resuscitation.
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There are no studies that assess the prognostic value of 
ETCO

2
 measurements sampled from an SGA or bag-mask air-

way in predicting outcomes from a cardiac arrest.

2015 Recommendations—New
In intubated patients, failure to achieve an ETCO

2
 of 

greater than 10 mm Hg by waveform capnography after 20 
minutes of CPR may be considered as one component of a 
multimodal approach to decide when to end resuscitative 
efforts, but it should not be used in isolation (Class IIb, 
LOE C-LD).

The above recommendation is made with respect to 
ETCO

2
 in patients who are intubated, because the studies 

examined included only those who were intubated.

In nonintubated patients, a specific ETCO
2
 cutoff value at 

any time during CPR should not be used as an indication to 
end resuscitative efforts (Class III: Harm, LOE C-EO).

Overview of Extracorporeal CPRALS 723

The 2015 ILCOR systematic review compared the use of 
ECPR (or ECMO) techniques for adult patients with IHCA 
and OHCA to conventional (manual or mechanical) CPR, 
in regard to ROSC, survival, and good neurologic outcome. 
The recommendations in this update apply only to the use of 
ECPR in this context.

ECPR refers to venoarterial extracorporeal membrane 
oxygenation during cardiac arrest, including extracorporeal 
membrane oxygenation and cardiopulmonary bypass. These 

Table 1. Inclusion and Exclusion Criteria for Key Extracorporeal CPR Articles

Study CA Type Inclusion Criteria Exclusion Criteria

Chen, 2008143 IHCA Witnessed CA of cardiac origin (elevated cardiac 
enzymes before CA, sudden collapse without 
obvious cause, or sudden collapse with pre-existing 
cardiovascular disease)

Age less than 18 years or greater than 75 years

Known severe irreversible brain damage

Terminal malignancy

No ROSC during first 10 minutes of conventional CPR Traumatic origin with uncontrolled bleeding

Postcardiotomy shock with inability to be weaned from 
cardiopulmonary bypass

Shin, 2011144 IHCA Witnessed CA of cardiac origin Age less than 18 years or greater than 80 years

No ROSC during first 10 minutes of conventional CPR Known severe neurologic damage

Current intracranial hemorrhage

Terminal malignancy

Traumatic origin with uncontrolled bleeding

Noncardiac origin* (submersion, drug overdose, 
asphyxia, exsanguination, sepsis)

Irreversible organ failure (liver failure, late stage of adult 
respiratory distress syndrome, etc)

Lin, 2010145 IHCA Witnessed CA of cardiac origin Age less than 18 years or greater than 75 years

No sustained (20 minutes or more) ROSC during first 10 
minutes of conventional CPR

Known severe irreversible brain damage

Terminal malignancy

Severe trauma

Uncontrolled bleeding

Maekawa, 2013146 OHCA Witnessed CA of presumed cardiac origin Age less than 16 years

Terminal malignancy

No ROSC during first 20 minutes of conventional CPR Poor level of activities of daily living before onset of CA

Noncardiac origin (trauma, submersion, hypothermia, 
drug overdose, asphyxia, exsanguination, intracranial 
hemorrhage, acute aortic dissection)

Sakamoto, 2014147 OHCA VF/pVT on initial ECG Age less than 20 years or 75 years or older

CA of presumed cardiac origin on hospital arrival with or 
without prehospital ROSC

Poor level of activities of daily living before onset of CA

Noncardiac origin (trauma, drug intoxication, primary 
cerebral disorders, acute aortic dissection, terminal 
malignancy)

Arrival to hospital 45 minutes or less after reception of 
emergency call or onset of CA

No ROSC (1 minute or more of continuing confirmation 
of pulsation) during first 15 minutes of conventional CPR 
in hospital

Core body temperature less than 30°C

CA indicates cardiac arrest; CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; pVT, 
pulseless ventricular tachycardia; ROSC, return of spontaneous circulation; and VF, ventricular fibrillation.

*Postcardiotomy bleeding considered to be of cardiac origin.
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techniques require adequate vascular access and specialized 
equipment. The use of ECPR may allow providers additional 
time to treat reversible underlying causes of cardiac arrest 
(eg, acute coronary artery occlusion, pulmonary embolism, 
refractory VF, profound hypothermia, cardiac injury, myocar-
ditis, cardiomyopathy, congestive heart failure, drug intoxica-
tion etc) or serve as a bridge for left ventricular assist device 
implantation or cardiac transplantation.

2015 Evidence Summary
All of the literature reviewed in the 2015 ILCOR systematic 
review comparing ECPR to conventional CPR was in the form of 
reviews, case reports, and observational studies. The low-quality 
evidence suggests a benefit in regard to survival and favorable 
neurologic outcome with the use of ECPR when compared with 
conventional CPR. There are currently no data from RCTs to 
support the use of ECPR for cardiac arrest in any setting.

One propensity-matched prospective observational study 
enrolling 172 patients with IHCA reported greater likelihood 
of ROSC and improved survival at hospital discharge, 30-day 
follow-up, and 1-year follow-up with the use of ECPR among 
patients who received more than 10 minutes of CPR. However, 
this study showed no difference in neurologic outcomes.143

A single retrospective, observational study enrolling 120 
patients with witnessed IHCA who underwent more than 10 
minutes of CPR reported a modest benefit over historic con-
trols with the use of ECPR over continued conventional CPR 
in both survival and neurologic outcome at discharge and 
6-month follow-up.144

A single propensity-matched, retrospective, observational 
study enrolling 118 patients with IHCA who underwent more 

than 10 minutes of CPR and then ECPR after cardiac arrest of 
cardiac origin showed no survival or neurologic benefit over 
conventional CPR at the time of hospital discharge, 30-day 
follow-up, or 1-year follow-up.145

One post hoc analysis of data from a prospective, obser-
vational cohort of 162 patients with OHCA who did not 
achieve ROSC with more than 20 minutes of conventional 
CPR, including propensity score matching, showed that 
ECPR was associated with a higher rate of neurologically 
intact survival than continued conventional CPR at 3-month 
follow-up.146

A single prospective, observational study enrolling 454 
patients with OHCA who were treated with ECPR if they did 
not achieve ROSC with more than 15 minutes of conventional 
CPR after hospital arrival demonstrated improved neurologic 
outcomes at 1-month and 6-month follow-up.147

The key articles reviewed in the 2015 ILCOR systematic 
review comparing ECPR to conventional CPR feature some 
variability in their inclusion and exclusion criteria (Table 1), 
which may affect the generalizability of their results and could 
explain some of the inconsistencies in outcomes between 
studies.

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 cardiac arrest 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).
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Appendix

2015 Guidelines Update: Part 7 Recommendations

Year Last 
Reviewed Topic Recommendation Comments

2015 Adjuncts to CPR When supplementary oxygen is available, it may be reasonable to use the maximal feasible 
inspired oxygen concentration during CPR (Class IIb, LOE C-EO).

updated for 2015

2015 Adjuncts to CPR Although no clinical study has examined whether titrating resuscitative efforts to physiologic 
parameters during CPR improves outcome, it may be reasonable to use physiologic parameters 
(quantitative waveform capnography, arterial relaxation diastolic pressure, arterial pressure 
monitoring, and central venous oxygen saturation) when feasible to monitor and optimize CPR 
quality, guide vasopressor therapy, and detect ROSC (Class IIb, LOE C-EO).

updated for 2015

2015 Adjuncts to CPR Ultrasound (cardiac or noncardiac) may be considered during the management of cardiac arrest, 
although its usefulness has not been well established  
(Class IIb, LOE C-EO).

updated for 2015

2015 Adjuncts to CPR If a qualified sonographer is present and use of ultrasound does not interfere with the standard 
cardiac arrest treatment protocol, then ultrasound may be considered as an adjunct to standard 
patient evaluation (Class IIb, LOE C-EO).

updated for 2015

2015 Adjuncts for Airway 
Control and Ventilation

Either a bag-mask device or an advanced airway may be used for oxygenation and ventilation 
during CPR in both the in-hospital and out-of-hospital setting (Class IIb, LOE C-LD).

updated for 2015

2015 Adjuncts for Airway 
Control and Ventilation

For healthcare providers trained in their use, either an SGA device or an ETT may be used as the 
initial advanced airway during CPR (Class IIb, LOE C-LD).

updated for 2015

2015 Adjuncts for Airway 
Control and Ventilation

Continuous waveform capnography is recommended in addition to clinical assessment as the 
most reliable method of confirming and monitoring correct placement of an ETT (Class I, LOE 
C-LD).

updated for 2015

2015 Adjuncts for Airway 
Control and Ventilation

If continuous waveform capnometry is not available, a nonwaveform CO
2 detector, esophageal 

detector device, or ultrasound used by an experienced operator is a reasonable alternative 
(Class IIa, LOE B-NR).

updated for 2015

2015 Adjuncts for Airway 
Control and Ventilation

After placement of an advanced airway, it may be reasonable for the provider to deliver 1 breath 
every 6 seconds (10 breaths/min) while continuous chest compressions are being performed 
(Class IIb, LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

Defibrillators (using BTE, RLB, or monophasic waveforms) are recommended to treat atrial and 
ventricular arrhythmias (Class I, LOE B-NR).

updated for 2015

2015 Management of Cardiac 
Arrest

Based on their greater success in arrhythmia termination, defibrillators using biphasic 
waveforms (BTE or RLB) are preferred to monophasic defibrillators for treatment of both atrial 
and ventricular arrhythmias (Class IIa, LOE B-R).

updated for 2015

2015 Management of Cardiac 
Arrest

In the absence of conclusive evidence that 1 biphasic waveform is superior to another in 
termination of VF, it is reasonable to use the manufacturer’s recommended energy dose for the 
first shock. If this is not known, defibrillation at the maximal dose may be considered (Class IIb, 
LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

It is reasonable that selection of fixed versus escalating energy for subsequent shocks be based 
on the specific manufacturer’s instructions (Class IIa, LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

If using a manual defibrillator capable of escalating energies, higher energy for second and 
subsequent shocks may be considered (Class IIb, LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

A single-shock strategy (as opposed to stacked shocks) is reasonable for defibrillation (Class IIa, 
LOE B-NR).

updated for 2015

2015 Management of Cardiac 
Arrest

Amiodarone may be considered for VF/pVT that is unresponsive to CPR, defibrillation, and a 
vasopressor therapy (Class IIb, LOE B-R).

updated for 2015

2015 Management of Cardiac 
Arrest

Lidocaine may be considered as an alternative to amiodarone for VF/pVT that is unresponsive to 
CPR, defibrillation, and vasopressor therapy (Class IIb, LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

The routine use of magnesium for VF/pVT is not recommended in adult patients (Class III: No 
Benefit, LOE B-R).

updated for 2015

2015 Management of Cardiac 
Arrest

There is inadequate evidence to support the routine use of lidocaine after cardiac arrest. 
However, the initiation or continuation of lidocaine may be considered immediately after ROSC 
from cardiac arrest due to VF/pVT (Class IIb, LOE C-LD).

new for 2015

2015 Management of Cardiac 
Arrest

There is inadequate evidence to support the routine use of a β-blocker after cardiac arrest. 
However, the initiation or continuation of an oral or intravenous β-blocker may be considered 
early after hospitalization from cardiac arrest due to VF/pVT (Class IIb, LOE C-LD).

new for 2015

(Continued )
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2015 Guidelines Update: Part 7 Recommendations, Continued

Year Last 
Reviewed Topic Recommendation Comments

2015 Management of Cardiac 
Arrest

Standard-dose epinephrine (1 mg every 3 to 5 minutes) may be reasonable for patients in 
cardiac arrest (Class IIb, LOE B-R).

updated for 2015

2015 Management of Cardiac 
Arrest

High-dose epinephrine is not recommended for routine use in cardiac arrest (Class III: No 
Benefit, LOE B-R).

new for 2015

2015 Management of Cardiac 
Arrest

Vasopressin offers no advantage as a substitute for epinephrine in cardiac arrest (Class IIb, LOE 
B-R).

updated for 2015

2015 Management of Cardiac 
Arrest

Vasopressin in combination with epinephrine offers no advantage as a substitute for standard-
dose epinephrine in cardiac arrest (Class IIb, LOE B-R).

new for 2015

2015 Management of Cardiac 
Arrest

It may be reasonable to administer epinephrine as soon as feasible after the onset of cardiac 
arrest due to an initial nonshockable rhythm (Class IIb, LOE C-LD).

updated for 2015

2015 Management of Cardiac 
Arrest

In IHCA, the combination of intra-arrest vasopressin, epinephrine, and methylprednisolone and 
post-arrest hydrocortisone as described by Mentzelopoulos et al may be considered; however, 
further studies are needed before recommending the routine use of this therapeutic strategy 
(Class IIb, LOE C-LD).

new for 2015

2015 Management of Cardiac 
Arrest

For patients with OHCA, use of steroids during CPR is of uncertain benefit (Class IIb,  
LOE C-LD).

new for 2015

2015 Management of Cardiac 
Arrest

In intubated patients, failure to achieve an ETCO2 of greater than 10 mm Hg by waveform 
capnography after 20 minutes of CPR may be considered as one component of a multimodal 
approach to decide when to end resuscitative efforts but should not be used in isolation (Class 
IIb, LOE C-LD).

new for 2015

2015 Management of Cardiac 
Arrest

In nonintubated patients, a specific ETCO
2 cutoff value at any time during CPR should not be 

used as an indication to end resuscitative efforts (Class III: Harm, LOE C-EO).
new for 2015

2015 Management of Cardiac 
Arrest

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 
cardiac arrest 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).

new for 2015

The following recommendations were not reviewed in 2015. For more information, see the 2010 AHA Guidelines for CPR and ECC, “Part 8: Adult Advanced 
Cardiovascular Life Support.”

2010 Cricoid Pressure The routine use of cricoid pressure in cardiac arrest is not recommended (Class III, LOE C). not reviewed in 2015

2010 Oropharyngeal Airways To facilitate delivery of ventilations with a bag-mask device, oropharyngeal airways can be used 
in unconscious (unresponsive) patients with no cough or gag reflex and should be inserted only 
by persons trained in their use (Class IIa, LOE C).

not reviewed in 2015

2010 Nasopharyngeal Airways In the presence of known or suspected basal skull fracture or severe coagulopathy, an oral 
airway is preferred (Class IIa, LOE C).

not reviewed in 2015

2010 Postintubation Airway 
Management

The endotracheal tube should be secured with tape or a commercial device (Class I, LOE C). not reviewed in 2015

2010 Postintubation Airway 
Management

One out-of-hospital study and 2 studies in an intensive care setting indicate that 
backboards, commercial devices for securing the endotracheal tube, and other strategies 
provide equivalent methods for preventing inadvertent tube displacement when compared 
with traditional methods of securing the tube (tape). These devices may be considered 
during patient transport (Class IIb, LOE C).

not reviewed in 2015

2010 Automatic Transport 
Ventilators

In both out-of-hospital and in-hospital settings, automatic transport ventilators (ATVs) can be 
useful for ventilation of adult patients in noncardiac arrest who have an advanced airway in 
place (Class IIb, LOE C).

not reviewed in 2015

2010 Automatic Transport 
Ventilators

During prolonged resuscitative efforts the use of an ATV (pneumatically powered and time- or 
pressure-cycled) may allow the EMS team to perform other tasks while providing adequate 
ventilation and oxygenation (Class IIb, LOE C).

not reviewed in 2015

2010 Automatic Versus Manual 
Modes for Multimodal 
Defibrillators

Current evidence indicates that the benefit of using a multimodal defibrillator in manual instead 
of automatic mode during cardiac arrest is uncertain (Class IIb, LOE C).

not reviewed in 2015

2010 CPR Before Defibrillation Performing CPR while a defibrillator is readied for use is strongly recommended for all patients 
in cardiac arrest (Class I, LOE B).

not reviewed in 2015

2010 CPR Before Defibrillation At this time the benefit of delaying defibrillation to perform CPR before defibrillation is unclear 
(Class IIb, LOE B).

not reviewed in 2015

2010 Drug Therapy for PEA/ 
Asystole

Available evidence suggests that the routine use of atropine during PEA or asystole is unlikely to 
have a therapeutic benefit (Class IIb, LOE B).

not reviewed in 2015

(Continued )
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2010 Coronary Perfusion 
Pressure and Arterial 
Relaxation Pressure

It is reasonable to consider using arterial relaxation “diastolic” pressure to monitor CPR quality, 
optimize chest compressions, and guide vasopressor therapy (Class IIb, LOE C).

not reviewed in 2015

2010 Coronary Perfusion 
Pressure and Arterial 
Relaxation Pressure

If the arterial relaxation “diastolic” pressure is <20 mm Hg, it is reasonable to consider trying to 
improve quality of CPR by optimizing chest compression parameters or giving a vasopressor or 
both (Class IIb, LOE C).

not reviewed in 2015

2010 Coronary Perfusion 
Pressure and Arterial 
Relaxation Pressure

Arterial pressure monitoring can also be used to detect ROSC during chest compressions or 
when a rhythm check reveals an organized rhythm (Class IIb, LOE C).

not reviewed in 2015

2010 Central Venous Oxygen 
Saturation

Therefore, when in place before cardiac arrest, it is reasonable to consider using continuous Scvo2 
measurement to monitor quality of CPR, optimize chest compressions, and detect ROSC during 
chest compressions or when rhythm check reveals an organized rhythm (Class IIb, LOE C).

not reviewed in 2015

2010 Central Venous Oxygen 
Saturation

If Scvo2 is <30%, it is reasonable to consider trying to improve the quality of CPR by optimizing 
chest compression parameters (Class IIb, LOE C).

not reviewed in 2015

2010 Arterial Blood Gases Routine measurement of arterial blood gases during CPR has uncertain value (Class IIb, LOE C). not reviewed in 2015

2010 IO Drug Delivery It is reasonable for providers to establish IO access if IV access is not readily available  
(Class IIa, LOE C).

not reviewed in 2015

2010 Central IV Drug Delivery The appropriately trained provider may consider placement of a central line (internal jugular or 
subclavian) during cardiac arrest, unless there are contraindications (Class IIb, LOE C).

not reviewed in 2015

2010 Endotracheal Drug 
Delivery

If IV or IO access cannot be established, epinephrine, vasopressin, and lidocaine may be 
administered by the endotracheal route during cardiac arrest (Class IIb, LOE B).

not reviewed in 2015

2010 Atropine Available evidence suggests that routine use of atropine during PEA or asystole is unlikely to 
have a therapeutic benefit (Class IIb, LOE B).

not reviewed in 2015

2010 Sodium Bicarbonate Routine use of sodium bicarbonate is not recommended for patients in cardiac arrest  
(Class III, LOE B).

not reviewed in 2015

2010 Calcium Routine administration of calcium for treatment of in-hospital and out-of-hospital cardiac arrest 
is not recommended (Class III, LOE B).

not reviewed in 2015

2010 Precordial Thump The precordial thump may be considered for termination of witnessed monitored unstable 
ventricular tachyarrhythmias when a defibrillator is not immediately ready for use (Class IIb, LOE 
B), but should not delay CPR and shock delivery.

not reviewed in 2015

2010 Management of 
Symptomatic Bradycardia 
and Tachycardia

If bradycardia produces signs and symptoms of instability (eg, acutely altered mental status, 
ischemic chest discomfort, acute heart failure, hypotension, or other signs of shock that persist 
despite adequate airway and breathing), the initial treatment is atropine (Class IIa, LOE B).

not reviewed in 2015

2010 Management of 
Symptomatic Bradycardia 
and Tachycardia

If bradycardia is unresponsive to atropine, intravenous (IV) infusion of β-adrenergic agonists 
with rate-accelerating effects (dopamine, epinephrine) or transcutaneous pacing (TCP) can be 
effective (Class IIa, LOE B) while the patient is prepared for emergent transvenous temporary 
pacing if required.

not reviewed in 2015

2010 Management of 
Symptomatic Bradycardia 
and Tachycardia

If the tachycardic patient is unstable with severe signs and symptoms related to a suspected 
arrhythmia (eg, acute altered mental status, ischemic chest discomfort, acute heart failure, 
hypotension, or other signs of shock), immediate cardioversion should be performed (with prior 
sedation in the conscious patient) (Class I, LOE B).

not reviewed in 2015

2010 Management of 
Symptomatic Bradycardia 
and Tachycardia

In select cases of regular narrow-complex tachycardia with unstable signs or symptoms, a trial 
of adenosine before cardioversion is reasonable to consider (Class IIb, LOE C).

not reviewed in 2015

2010 Atropine Atropine remains the first-line drug for acute symptomatic bradycardia (Class IIa, LOE B). not reviewed in 2015

2010 Pacing It is reasonable for healthcare providers to initiate TCP in unstable patients who do not respond 
to atropine (Class IIa, LOE B).

not reviewed in 2015

2010 Pacing Immediate pacing might be considered in unstable patients with high-degree AV block when IV 
access is not available (Class IIb, LOE C).

not reviewed in 2015

2010 Pacing If the patient does not respond to drugs or TCP, transvenous pacing is probably indicated (Class 
IIa, LOE C).

not reviewed in 2015

2010 Dopamine Dopamine infusion may be used for patients with symptomatic bradycardia, particularly if 
associated with hypotension, in whom atropine may be inappropriate or after atropine fails 
(Class IIb, LOE B).

not reviewed in 2015

2010 Wide-Complex 
Tachycardia - Evaluation

Precordial thump may be considered for patients with witnessed, monitored, unstable 
ventricular tachycardia if a defibrillator is not immediately ready for use (Class IIb, LOE C).

not reviewed in 2015

(Continued )
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2015 Guidelines Update: Part 7 Recommendations, Continued

Year Last 
Reviewed Topic Recommendation Comments

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

If the etiology of the rhythm cannot be determined, the rate is regular, and the QRS is 
monomorphic, recent evidence suggests that IV adenosine is relatively safe for both treatment 
and diagnosis (Class IIb, LOE B).

not reviewed in 2015

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

Adenosine should not be given for unstable or for irregular or polymorphic wide-complex wide-
complex tachycardias, as it may cause degeneration of the arrhythmia to VF (Class III, LOE C).

not reviewed in 2015

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

Verapamil is contraindicated for wide-complex tachycardias unless known to be of 
supraventricular origin (Class III, LOE B).

not reviewed in 2015

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

If IV antiarrhythmics are administered, procainamide (Class IIa, LOE B), amiodarone (Class IIb, 
LOE B), or sotalol (Class IIb, LOE B) can be considered.

not reviewed in 2015

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

Procainamide and sotalol should be avoided in patients with prolonged QT. If one of these 
antiarrhythmic agents is given, a second agent should not be given without expert consultation 
(Class III, LOE B).

not reviewed in 2015

2010 Therapy for Regular 
Wide-Complex 
Tachycardias

If antiarrhythmic therapy is unsuccessful, cardioversion or expert consultation should be 
considered (Class IIa, LOE C).

not reviewed in 2015

2010 Rate Control IV β-blockers and nondihydropyridine calcium channel blockers such as diltiazem are the drugs 
of choice for acute rate control in most individuals with atrial fibrillation and rapid ventricular 
response (Class IIa, LOE A).

not reviewed in 2015

2010 Polymorphic  
(Irregular) VT

In the absence of a prolonged QT interval, the most common cause of polymorphic VT is 
myocardial ischemia. In this situation IV amiodarone and β-blockers may reduce the frequency of 
arrhythmia recurrence (Class IIb, LOE C).

not reviewed in 2015

2010 Polymorphic  
(Irregular) VT

Magnesium is unlikely to be effective in preventing polymorphic VT in patients with a normal QT 
interval (Class IIb, LOE C), but amiodarone may be effective (Class IIb, LOE C).

not reviewed in 2015

2010 Ventilation and Oxygen 
Administration During CPR

Advanced airway placement in cardiac arrest should not delay initial CPR and defibrillation for 
VF cardiac arrest (Class I, LOE C).

not reviewed in 2015

2010 Advanced Airways If advanced airway placement will interrupt chest compressions, providers may consider 
deferring insertion of the airway until the patient fails to respond to initial CPR and defibrillation 
attempts or demonstrates ROSC (Class IIb, LOE C).

not reviewed in 2015

2010 Endotracheal Intubation EMS systems that perform prehospital intubation should provide a program of ongoing quality 
improvement to minimize complications (Class IIa, LOE B).

not reviewed in 2015

2010 VF Waveform Analysis 
to Predict Defibrillation 
Success

The value of VF waveform analysis to guide management of defibrillation in adults with 
in-hospital and out-of-hospital cardiac arrest is uncertain (Class IIb, LOE C).

not reviewed in 2015

2010 Fibrinolysis Fibrinolytic therapy should not be routinely used in cardiac arrest (Class III, LOE B). not reviewed in 2015

2010 Pacing Electric pacing is not recommended for routine use in cardiac arrest (Class III, LOE B). not reviewed in 2015

2010 Epinephrine Epinephrine infusion may be used for patients with symptomatic bradycardia, particularly if 
associated with hypotension, for whom atropine may be inappropriate or after atropine fails 
(Class IIb, LOE B).

not reviewed in 2015

2010 Initial Evaluation 
and Treatment of 
Tachyarrhythmias

If not hypotensive, the patient with a regular narrow-complex SVT (likely due to suspected 
reentry, paroxysmal supraventricular tachycardia, as described below) may be treated with 
adenosine while preparations are made for synchronized cardioversion (Class IIb, LOE C).

not reviewed in 2015

2010 Therapy If PSVT does not respond to vagal maneuvers, give 6 mg of IV adenosine as a rapid IV push 
through a large (eg, antecubital) vein followed by a 20 mL saline flush (Class I, LOE B).

not reviewed in 2015

2010 Therapy If adenosine or vagal maneuvers fail to convert PSVT, PSVT recurs after such treatment, or these 
treatments disclose a different form of SVT (such as atrial fibrillation or flutter), it is reasonable 
to use longer-acting AV nodal blocking agents, such as the nondihydropyridine calcium channel 
blockers (verapamil and diltiazem) (Class IIa, LOE B) or β-blockers (Class IIa, LOE C).

not reviewed in 2015

2010 Therapy Therefore, AV nodal blocking drugs should not be used for pre-excited atrial fibrillation or flutter 
(Class III, LOE C).

not reviewed in 2015

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


Link et al  Part 7: Adult Advanced Cardiovascular Life Support  S461

References
 1. Morrison LJ, Deakin CD, Morley PT, Callaway CW, Kerber RE, Kronick 

SL, Lavonas EJ, Link MS, Neumar RW, Otto CW, Parr M, Shuster 
M, Sunde K, Peberdy MA, Tang W, Hoek TL, Böttiger BW, Drajer S, 
Lim SH, Nolan JP; Advanced Life Support Chapter Collaborators. 
Part 8: advanced life support: 2010 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care 
Science With Treatment Recommendations. Circulation. 2010;122 
(suppl 2):S345–S421. doi: 10.1161/CIRCULATIONAHA.110.971051.

 2. 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.

 3. O’Connor D, Green S, Higgins J, eds. Chapter 5: defining the review 
questions and developing criteria for including studies. In: The Cochrane 
Collaboration. Higgans JPT, Green S, eds. Cochrane Handbook for 
Systematic Reviews of Interventions. Version 5.1.0. 2011. http://handbook.
cochrane.org/. Accessed May 6, 2015.

 4. Schünemann H, Brożek J, Guyatt G, Oxman A. GRADE Handbook. 
2013. http://www.guidelinedevelopment.org/handbook/. Accessed May 
6, 2015.

 5. Spindelboeck W, Schindler O, Moser A, Hausler F, Wallner S, Strasser C, 
Haas J, Gemes G, Prause G. Increasing arterial oxygen partial pressure 
during cardiopulmonary resuscitation is associated with improved rates 
of hospital admission. Resuscitation. 2013;84:770–775. doi: 10.1016/j.
resuscitation.2013.01.012.

 6. Meaney PA, Bobrow BJ, Mancini ME, Christenson J, de Caen AR, Bhanji 
F, Abella BS, Kleinman ME, Edelson DP, Berg RA, Aufderheide TP, 
Menon V, Leary M; CPR Quality Summit Investigators, the American 
Heart Association Emergency Cardiovascular Care Committee, and 
the Council on Cardiopulmonary, Critical Care, Perioperative and 
Resuscitation. Cardiopulmonary resuscitation quality: [corrected] improv-
ing cardiac resuscitation outcomes both inside and outside the hospital: a 
consensus statement from the American Heart Association. Circulation. 
2013;128:417–435. doi: 10.1161/CIR.0b013e31829d8654.

 7. Halperin HR, Tsitlik JE, Gelfand M, Weisfeldt ML, Gruben KG, Levin 
HR, Rayburn BK, Chandra NC, Scott CJ, Kreps BJ. A preliminary study 
of cardiopulmonary resuscitation by circumferential compression of the 
chest with use of a pneumatic vest. N Engl J Med. 1993;329:762–768. doi: 
10.1056/NEJM199309093291104.

 8. Kern KB, Hilwig RW, Berg RA, Ewy GA. Efficacy of chest compres-
sion-only BLS CPR in the presence of an occluded airway. Resuscitation. 
1998;39:179–188.

 9. Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide and outcome 
of out-of-hospital cardiac arrest. N Engl J Med. 1997;337:301–306. doi: 
10.1056/NEJM199707313370503.

 10. Lindner KH, Prengel AW, Pfenninger EG, Lindner IM, Strohmenger HU, 
Georgieff M, Lurie KG. Vasopressin improves vital organ blood flow 
during closed-chest cardiopulmonary resuscitation in pigs. Circulation. 
1995;91:215–221.

 11. Little CM, Angelos MG, Paradis NA. Compared to angiotensin II, epi-
nephrine is associated with high myocardial blood flow following 
return of spontaneous circulation after cardiac arrest. Resuscitation. 
2003;59:353–359.

 12. Paradis NA, Martin GB, Rivers EP, Goetting MG, Appleton TJ, Feingold 
M, Nowak RM. Coronary perfusion pressure and the return of sponta-
neous circulation in human cardiopulmonary resuscitation. JAMA. 
1990;263:1106–1113.

 13. Wayne MA, Levine RL, Miller CC. Use of end-tidal carbon diox-
ide to predict outcome in prehospital cardiac arrest. Ann Emerg Med. 
1995;25:762–767.

 14. Bhende MS, Thompson AE. Evaluation of an end-tidal CO2 detector dur-
ing pediatric cardiopulmonary resuscitation. Pediatrics. 1995;95:395–399.

 15. Ornato JP, Shipley JB, Racht EM, Slovis CM, Wrenn KD, Pepe PE, 
Almeida SL, Ginger VF, Fotre TV. Multicenter study of a portable, hand-
size, colorimetric end-tidal carbon dioxide detection device. Ann Emerg 
Med. 1992;21:518–523.

 16. Callaham M, Barton C. Prediction of outcome of cardiopulmonary resus-
citation from end-tidal carbon dioxide concentration. Crit Care Med. 
1990;18:358–362.

 17. Sanders AB, Ogle M, Ewy GA. Coronary perfusion pressure during cardio-
pulmonary resuscitation. Am J Emerg Med. 1985;3:11–14.

 18. Rivers EP, Martin GB, Smithline H, Rady MY, Schultz CH, Goetting 
MG, Appleton TJ, Nowak RM. The clinical implications of continuous 
central venous oxygen saturation during human CPR. Ann Emerg Med. 
1992;21:1094–1101.

 19. Cantineau JP, Lambert Y, Merckx P, Reynaud P, Porte F, Bertrand C, 
Duvaldestin P. End-tidal carbon dioxide during cardiopulmonary resusci-
tation in humans presenting mostly with asystole: a predictor of outcome. 
Crit Care Med. 1996;24:791–796.

 20. Grmec S, Kupnik D. Does the Mainz Emergency Evaluation Scoring 
(MEES) in combination with capnometry (MEESc) help in the prognosis 
of outcome from cardiopulmonary resuscitation in a prehospital setting? 
Resuscitation. 2003;58:89–96.

 21. Grmec S, Lah K, Tusek-Bunc K. Difference in end-tidal CO2 between 
asphyxia cardiac arrest and ventricular fibrillation/pulseless ventricu-
lar tachycardia cardiac arrest in the prehospital setting. Crit Care. 
2003;7:R139–R144. doi: 10.1186/cc2369.

 22. Grmec S, Klemen P. Does the end-tidal carbon dioxide (EtCO2) concen-
tration have prognostic value during out-of-hospital cardiac arrest? Eur J 
Emerg Med. 2001;8:263–269.

 23. Kolar M, Krizmaric M, Klemen P, Grmec S. Partial pressure of end-tidal 
carbon dioxide successful predicts cardiopulmonary resuscitation in the 
field: a prospective observational study. Crit Care. 2008;12:R115. doi: 
10.1186/cc7009.

 24. Steedman DJ, Robertson CE. Measurement of end-tidal carbon dioxide 
concentration during cardiopulmonary resuscitation. Arch Emerg Med. 
1990;7:129–134.

 25. Pokorná M, Necas E, Kratochvíl J, Skripský R, Andrlík M, Franek O. 
A sudden increase in partial pressure end-tidal carbon dioxide (P(ET)
CO(2)) at the moment of return of spontaneous circulation. J Emerg Med. 
2010;38:614–621. doi: 10.1016/j.jemermed.2009.04.064.

 26. Sehra R, Underwood K, Checchia P. End tidal CO2 is a quantitative mea-
sure of cardiac arrest. Pacing Clin Electrophysiol. 2003;26(1 Pt 2):515–517.

 27. Grmec S, Krizmaric M, Mally S, Kozelj A, Spindler M, Lesnik B. Utstein 
style analysis of out-of-hospital cardiac arrest–bystander CPR and end 
expired carbon dioxide. Resuscitation. 2007;72:404–414. doi: 10.1016/j.
resuscitation.2006.07.012.

 28. Entholzner E, Felber A, Mielke L, Hargasser S, Breinbauer B, 
Hundelshausen VB, Hipp R. Assessment of end-tidal CO2 measure-
ment in reanimation. Anasthesiol Intensivmed Notfallmed Schmerzther. 
1992;27:473–476.

 29. Garnett AR, Ornato JP, Gonzalez ER, Johnson EB. End-tidal car-
bon dioxide monitoring during cardiopulmonary resuscitation. JAMA. 
1987;257:512–515.

 30. Bhende MS, Karasic DG, Karasic RB. End-tidal carbon dioxide changes 
during cardiopulmonary resuscitation after experimental asphyxial 
cardiac arrest. Am J Emerg Med. 1996;14:349–350. doi: 10.1016/
S0735-6757(96)90046-7.

 31. Falk JL, Rackow EC, Weil MH. End-tidal carbon dioxide concentration 
during cardiopulmonary resuscitation. N Engl J Med. 1988;318:607–611. 
doi: 10.1056/NEJM198803103181005.

 32. Axelsson C, Karlsson T, Axelsson AB, Herlitz J. Mechanical active com-
pression-decompression cardiopulmonary resuscitation (ACD-CPR) ver-
sus manual CPR according to pressure of end tidal carbon dioxide (P(ET)
CO2) during CPR in out-of-hospital cardiac arrest (OHCA). Resuscitation. 
2009;80:1099–1103. doi: 10.1016/j.resuscitation.2009.08.006.

 33. Berryman CR, Phillips GM. Interposed abdominal compression-CPR in 
human subjects. Ann Emerg Med. 1984;13:226–229.

 34. Cha KC, Kim HJ, Shin HJ, Kim H, Lee KH, Hwang SO. Hemodynamic 
effect of external chest compressions at the lower end of the sternum in 
cardiac arrest patients. J Emerg Med. 2013;44:691–697. doi: 10.1016/j.
jemermed.2012.09.026.

 35. Duchateau FX, Gueye P, Curac S, Tubach F, Broche C, Plaisance P, 
Payen D, Mantz J, Ricard-Hibon A. Effect of the AutoPulse automated 
band chest compression device on hemodynamics in out-of-hospital car-
diac arrest resuscitation. Intensive Care Med. 2010;36:1256–1260. doi: 
10.1007/s00134-010-1784-x.

 36. Kern KB, Sanders AB, Raife J, Milander MM, Otto CW, Ewy GA. A 
study of chest compression rates during cardiopulmonary resuscitation in 
humans. The importance of rate-directed chest compressions. Arch Intern 
Med. 1992;152:145–149.

 37. Manning JE. Feasibility of blind aortic catheter placement in the pre-
hospital environment to guide resuscitation in cardiac arrest. J Trauma 

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://www.handbook.cochrane.org/
http://www.handbook.cochrane.org/
http://www.guidelinedevelopment.org/handbook/
http://circ.ahajournals.org/


S462  Circulation  November 3, 2015

Acute Care Surg. 2013;75(2 suppl 2):S173–S177. doi: 10.1097/
TA.0b013e318299d9ee.

 38. Orliaguet GA, Carli PA, Rozenberg A, Janniere D, Sauval P, Delpech P. 
End-tidal carbon dioxide during out-of-hospital cardiac arrest resuscita-
tion: comparison of active compression-decompression and standard 
CPR. Ann Emerg Med. 1995;25:48–51.

 39. 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.

 40. Segal N, Parquette B, Ziehr J, Yannopoulos D, Lindstrom D. 
Intrathoracic pressure regulation during cardiopulmonary resuscitation: 
a feasibility case-series. Resuscitation. 2013;84:450–453. doi: 10.1016/j.
resuscitation.2012.07.036.

 41. 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.

 42. Ward KR, Sullivan RJ, Zelenak RR, Summer WR. A comparison of inter-
posed abdominal compression CPR and standard CPR by monitoring end-
tidal PCO2. Ann Emerg Med. 1989;18:831–837.

 43. 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.

 44. Narasimhan M, Koenig SJ, Mayo PH. Advanced echocardiography for the 
critical care physician: part 1. Chest. 2014;145:129–134. doi: 10.1378/
chest.12-2441.

 45. Breitkreutz R, Walcher F, Seeger FH. Focused echocardiographic evalu-
ation in resuscitation management: concept of an advanced life support-
conformed algorithm. Crit Care Med. 2007;35(5 suppl):S150–S161. doi: 
10.1097/01.CCM.0000260626.23848.FC.

 46. Chardoli M, Heidari F, Rabiee H, Sharif-Alhoseini M, Shokoohi H, 
Rahimi-Movaghar V. Echocardiography integrated ACLS protocol ver-
sus conventional cardiopulmonary resuscitation in patients with pulseless 
electrical activity cardiac arrest. Chin J Traumatol. 2012;15:284–287.

 47. Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of prehospital 
advanced airway management with neurologic outcome and survival in 
patients with out-of-hospital cardiac arrest. JAMA. 2013;309:257–266. 
doi: 10.1001/jama.2012.187612.

 48. Holmberg M, Holmberg S, Herlitz J. Low chance of survival among 
patients requiring adrenaline (epinephrine) or intubation after out-of-hos-
pital cardiac arrest in Sweden. Resuscitation. 2002;54:37–45.

 49. McMullan J, Gerecht R, Bonomo J, Robb R, McNally B, Donnelly J, 
Wang HE; CARES Surveillance Group. Airway management and out-
of-hospital cardiac arrest outcome in the CARES registry. Resuscitation. 
2014;85:617–622. doi: 10.1016/j.resuscitation.2014.02.007.

 50. Shin SD, Ahn KO, Song KJ, Park CB, Lee EJ. Out-of-hospital air-
way management and cardiac arrest outcomes: a propensity score 
matched analysis. Resuscitation. 2012;83:313–319. doi: 10.1016/j.
resuscitation.2011.10.028.

 51. Hanif MA, Kaji AH, Niemann JT. Advanced airway management does 
not improve outcome of out-of-hospital cardiac arrest. Acad Emerg Med. 
2010;17:926–931. doi: 10.1111/j.1553-2712.2010.00829.x.

 52. Adams JN, Sirel J, Marsden K, Cobbe SM. Heartstart Scotland: the use of 
paramedic skills in out of hospital resuscitation. Heart. 1997;78:399–402.

 53. Studnek JR, Thestrup L, Vandeventer S, Ward SR, Staley K, Garvey L, 
Blackwell T. The association between prehospital endotracheal intuba-
tion attempts and survival to hospital discharge among out-of-hospi-
tal cardiac arrest patients. Acad Emerg Med. 2010;17:918–925. doi: 
10.1111/j.1553-2712.2010.00827.x.

 54. Takei Y, Enami M, Yachida T, Ohta K, Inaba H. Tracheal intubation by 
paramedics under limited indication criteria may improve the short-term 
outcome of out-of-hospital cardiac arrests with noncardiac origin. J 
Anesth. 2010;24:716–725. doi: 10.1007/s00540-010-0974-6.

 55. Yeung J, Chilwan M, Field R, Davies R, Gao F, Perkins GD. The impact 
of airway management on quality of cardiopulmonary resuscitation: 
an observational study in patients during cardiac arrest. Resuscitation. 
2014;85:898–904. doi: 10.1016/j.resuscitation.2014.02.018.

 56. Goldenberg IF, Campion BC, Siebold CM, McBride JW, Long LA. 
Esophageal gastric tube airway vs endotracheal tube in prehospital cardio-
pulmonary arrest. Chest. 1986;90:90–96.

 57. Rabitsch W, Schellongowski P, Staudinger T, Hofbauer R, Dufek V, Eder 
B, Raab H, Thell R, Schuster E, Frass M. Comparison of a conventional 
tracheal airway with the Combitube in an urban emergency medical ser-
vices system run by physicians. Resuscitation. 2003;57:27–32.

 58. Cady CE, Weaver MD, Pirrallo RG, Wang HE. Effect of emergency 
medical technician-placed Combitubes on outcomes after out-of-hospital 
cardiopulmonary arrest. Prehosp Emerg Care. 2009;13:495–499. doi: 
10.1080/10903120903144874.

 59. Kajino K, Iwami T, Kitamura T, Daya M, Ong ME, Nishiuchi T, Hayashi 
Y, Sakai T, Shimazu T, Hiraide A, Kishi M, Yamayoshi S. Comparison 
of supraglottic airway versus endotracheal intubation for the pre-hospital 
treatment of out-of-hospital cardiac arrest. Crit Care. 2011;15:R236. doi: 
10.1186/cc10483.

 60. Wang HE, Szydlo D, Stouffer JA, Lin S, Carlson JN, Vaillancourt C, Sears 
G, Verbeek RP, Fowler R, Idris AH, Koenig K, Christenson J, Minokadeh A, 
Brandt J, Rea T; ROC Investigators. Endotracheal intubation versus supra-
glottic airway insertion in out-of-hospital cardiac arrest. Resuscitation. 
2012;83:1061–1066. doi: 10.1016/j.resuscitation.2012.05.018.

 61. Tanabe S, Ogawa T, Akahane M, Koike S, Horiguchi H, Yasunaga H, 
Mizoguchi T, Hatanaka T, Yokota H, Imamura T. Comparison of neu-
rological outcome between tracheal intubation and supraglottic airway 
device insertion of out-of-hospital cardiac arrest patients: a nationwide, 
population-based, observational study. J Emerg Med. 2013;44:389–397. 
doi: 10.1016/j.jemermed.2012.02.026.

 62. Grmec S. Comparison of three different methods to confirm tracheal tube 
placement in emergency intubation. Intensive Care Med. 2002;28:701–
704. doi: 10.1007/s00134-002-1290-x.

 63. Takeda T, Tanigawa K, Tanaka H, Hayashi Y, Goto E, Tanaka K. The 
assessment of three methods to verify tracheal tube placement in the emer-
gency setting. Resuscitation. 2003;56:153–157.

 64. Tanigawa K, Takeda T, Goto E, Tanaka K. Accuracy and reliability of the 
self-inflating bulb to verify tracheal intubation in out-of-hospital cardiac 
arrest patients. Anesthesiology. 2000;93:1432–1436.

 65. Tanigawa K, Takeda T, Goto E, Tanaka K. The efficacy of esophageal detector 
devices in verifying tracheal tube placement: a randomized cross-over study 
of out-of-hospital cardiac arrest patients. Anesth Analg. 2001;92:375–378.

 66. Sum Ping ST, Mehta MP, Symreng T. Accuracy of the FEF CO2 detector in the 
assessment of endotracheal tube placement. Anesth Analg. 1992;74:415–419.

 67. Ward KR, Yealy DM. End-tidal carbon dioxide monitoring in emergency 
medicine, Part 2: Clinical applications. Acad Emerg Med. 1998;5:637–646.

 68. Tobias JD, Meyer DJ. Noninvasive monitoring of carbon dioxide during 
respiratory failure in toddlers and infants: end-tidal versus transcutaneous 
carbon dioxide. Anesth Analg. 1997;85:55–58.

 69. Bozeman WP, Hexter D, Liang HK, Kelen GD. Esophageal detector 
device versus detection of end-tidal carbon dioxide level in emergency 
intubation. Ann Emerg Med. 1996;27:595–599.

 70. Hayden SR, Sciammarella J, Viccellio P, Thode H, Delagi R. Colorimetric 
end-tidal CO2 detector for verification of endotracheal tube placement in 
out-of-hospital cardiac arrest. Acad Emerg Med. 1995;2:499–502.

 71. MacLeod BA, Heller MB, Gerard J, Yealy DM, Menegazzi JJ. Verification 
of endotracheal tube placement with colorimetric end-tidal CO2 detection. 
Ann Emerg Med. 1991;20:267–270.

 72. Anton WR, Gordon RW, Jordan TM, Posner KL, Cheney FW. A dispos-
able end-tidal CO2 detector to verify endotracheal intubation. Ann Emerg 
Med. 1991;20:271–275.

 73. Sanders KC, Clum WB 3rd, Nguyen SS, Balasubramaniam S. End-tidal 
carbon dioxide detection in emergency intubation in four groups of 
patients. J Emerg Med. 1994;12:771–777.

 74. Oberly D, Stein S, Hess D, Eitel D, Simmons M. An evaluation of the 
esophageal detector device using a cadaver model. Am J Emerg Med. 
1992;10:317–320.

 75. Pelucio M, Halligan L, Dhindsa H. Out-of-hospital experience with the 
syringe esophageal detector device. Acad Emerg Med. 1997;4:563–568.

 76. Chou HC, Tseng WP, Wang CH, Ma MH, Wang HP, Huang PC, Sim 
SS, Liao YC, Chen SY, Hsu CY, Yen ZS, Chang WT, Huang CH, Lien 
WC, Chen SC. Tracheal rapid ultrasound exam (T.R.U.E.) for confirming 
endotracheal tube placement during emergency intubation. Resuscitation. 
2011;82:1279–1284. doi: 10.1016/j.resuscitation.2011.05.016.

 77. Zadel S, Strnad M, Prosen G, Mekiš D. Point of care ultrasound for orotra-
cheal tube placement assessment in out-of hospital setting. Resuscitation. 
2015;87:1–6. doi: 10.1016/j.resuscitation.2014.11.006.

 78. Chou HC, Chong KM, Sim SS, Ma MH, Liu SH, Chen NC, Wu MC, 
Fu CM, Wang CH, Lee CC, Lien WC, Chen SC. Real-time tracheal 
ultrasonography for confirmation of endotracheal tube placement during 
cardiopulmonary resuscitation. Resuscitation. 2013;84:1708–1712. doi: 
10.1016/j.resuscitation.2013.06.018.

 79. Aufderheide TP, Sigurdsson G, Pirrallo RG, Yannopoulos D, McKnite 
S, von Briesen C, Sparks CW, Conrad CJ, Provo TA, Lurie KG. 
Hyperventilation-induced hypotension during cardiopulmonary 

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


Link et al  Part 7: Adult Advanced Cardiovascular Life Support  S463

resuscitation. Circulation. 2004;109:1960–1965. doi: 10.1161/01.
CIR.0000126594.79136.61.

 80. O’Neill JF, Deakin CD. Do we hyperventilate cardiac arrest patients? 
Resuscitation. 2007;73:82–85. doi: 10.1016/j.resuscitation.2006.09.012.

 81. Sanders AB, Kern KB, Berg RA, Hilwig RW, Heidenrich J, Ewy GA. Survival 
and neurologic outcome after cardiopulmonary resuscitation with four differ-
ent chest compression-ventilation ratios. Ann Emerg Med. 2002;40:553–562.

 82. Aufderheide TP, Lurie KG. Death by hyperventilation: a common and 
life-threatening problem during cardiopulmonary resuscitation. Crit Care 
Med. 2004;32(9 suppl):S345–S351.

 83. Yannopoulos D, Sigurdsson G, McKnite S, Benditt D, Lurie KG. Reducing 
ventilation frequency combined with an inspiratory impedance device 
improves CPR efficiency in swine model of cardiac arrest. Resuscitation. 
2004;61:75–82. doi: 10.1016/j.resuscitation.2003.12.006.

 84. Yannopoulos D, Aufderheide TP, Gabrielli A, Beiser DG, McKnite SH, 
Pirrallo RG, Wigginton J, Becker L, Vanden Hoek T, Tang W, Nadkarni 
VM, Klein JP, Idris AH, Lurie KG. Clinical and hemodynamic compari-
son of 15:2 and 30:2 compression-to-ventilation ratios for cardiopulmo-
nary resuscitation. Crit Care Med. 2006;34:1444–1449. doi: 10.1097/01.
CCM.0000216705.83305.99.

 85. Hayes MM, Ewy GA, Anavy ND, Hilwig RW, Sanders AB, Berg RA, 
Otto CW, Kern KB. Continuous passive oxygen insufflation results in a 
similar outcome to positive pressure ventilation in a swine model of out-
of-hospital ventricular fibrillation. Resuscitation. 2007;74:357–365. doi: 
10.1016/j.resuscitation.2007.01.004.

 86. Cavus E, Meybohm P, Bein B, Steinfath M, Pöppel A, Wenzel V, Scholz J, 
Dörges V. Impact of different compression-ventilation ratios during basic 
life support cardiopulmonary resuscitation. Resuscitation. 2008;79:118–
124. doi: 10.1016/j.resuscitation.2008.04.015.

  87. Hwang SO, Kim SH, Kim H, Jang YS, Zhao PG, Lee KH, Choi HJ, 
Shin TY. Comparison of 15:1, 15:2, and 30:2 compression-to-ventilation 
ratios for cardiopulmonary resuscitation in a canine model of a simu-
lated, witnessed cardiac arrest. Acad Emerg Med. 2008;15:183–189. doi: 
10.1111/j.1553-2712.2008.00026.x.

  88. Gazmuri RJ, Ayoub IM, Radhakrishnan J, Motl J, Upadhyaya MP. 
Clinically plausible hyperventilation does not exert adverse hemodynamic 
effects during CPR but markedly reduces end-tidal PCO

2
. Resuscitation. 

2012;83:259–264. doi: 10.1016/j.resuscitation.2011.07.034.
  89. Kill C, Hahn O, Dietz F, Neuhaus C, Schwarz S, Mahling R, Wallot P, 

Jerrentrup A, Steinfeldt T, Wulf H, Dersch W. Mechanical ventilation 
during cardiopulmonary resuscitation with intermittent positive-pressure 
ventilation, bilevel ventilation, or chest compression synchronized ven-
tilation in a pig model. Crit Care Med. 2014;42:e89–e95. doi: 10.1097/
CCM.0b013e3182a63fa0.

  90. Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O’Hearn 
N, Vanden Hoek TL, Becker LB. Quality of cardiopulmonary resusci-
tation during in-hospital cardiac arrest. JAMA. 2005;293:305–310. doi: 
10.1001/jama.293.3.305.

  91. Morrison LJ, Henry RM, Ku V, Nolan JP, Morley P, Deakin CD. 
Single-shock defibrillation success in adult cardiac arrest: a sys-
tematic review. Resuscitation. 2013;84:1480–1486. doi: 10.1016/j.
resuscitation.2013.07.008.

  92. Hess EP, Russell JK, Liu PY, White RD. A high peak current 150-J 
fixed-energy defibrillation protocol treats recurrent ventricular fibrilla-
tion (VF) as effectively as initial VF. Resuscitation. 2008;79:28–33. doi: 
10.1016/j.resuscitation.2008.04.028.

  93.  Koster RW, Walker RG, Chapman FW. Recurrent ventricular fibril-
lation during advanced life support care of patients with prehospi-
tal cardiac arrest. Resuscitation. 2008;78:252–257. doi: 10.1016/j.
resuscitation.2008.03.231.

  94. Hess EP, Agarwal D, Myers LA, Atkinson EJ, White RD. Performance of a 
rectilinear biphasic waveform in defibrillation of presenting and recurrent 
ventricular fibrillation: a prospective multicenter study. Resuscitation. 
2011;82:685–689. doi: 10.1016/j.resuscitation.2011.02.008.

  95. Jost D, Degrange H, Verret C, Hersan O, Banville IL, Chapman FW, 
Lank P, Petit JL, Fuilla C, Migliani R, Carpentier JP; DEFI 2005 
Work Group. DEFI 2005: a randomized controlled trial of the effect 
of automated external defibrillator cardiopulmonary resuscitation pro-
tocol on outcome from out-of-hospital cardiac arrest. Circulation. 
2010;121:1614–1622. doi: 10.1161/CIRCULATIONAHA.109.878389.

  96. Berdowski J, ten Haaf M, Tijssen JG, Chapman FW, Koster RW. Time 
in recurrent ventricular fibrillation and survival after out-of-hospi-
tal cardiac arrest. Circulation. 2010;122:1101–1108. doi: 10.1161/
CIRCULATIONAHA.110.958173.

  97. Berdowski J, Tijssen JG, Koster RW. Chest compressions cause 
recurrence of ventricular fibrillation after the first successful conver-
sion by defibrillation in out-of-hospital cardiac arrest. Circ Arrhythm 
Electrophysiol. 2010;3:72–78. doi: 10.1161/CIRCEP.109.902114.

  98. Conover Z, Kern KB, Silver AE, Bobrow BJ, Spaite DW, Indik JH. 
Resumption of chest compressions after successful defibrillation and 
risk for recurrence of ventricular fibrillation in out-of-hospital cardiac 
arrest. Circ Arrhythm Electrophysiol. 2014;7:633–639. doi: 10.1161/
CIRCEP.114.001506.

  99. Hoogendijk MG, Schumacher CA, Belterman CN, Boukens BJ, 
Berdowski J, de Bakker JM, Koster RW, Coronel R. Ventricular fibril-
lation hampers the restoration of creatine-phosphate levels during simu-
lated cardiopulmonary resuscitations. Europace. 2012;14:1518–1523. 
doi: 10.1093/europace/eus078.

 100. Kudenchuk PJ, Cobb LA, Copass MK, Cummins RO, Doherty AM, 
Fahrenbruch CE, Hallstrom AP, Murray WA, Olsufka M, Walsh T. 
Amiodarone for resuscitation after out-of-hospital cardiac arrest due to 
ventricular fibrillation. N Engl J Med. 1999;341:871–878. doi: 10.1056/
NEJM199909163411203.

 101. Dorian P, Cass D, Schwartz B, Cooper R, Gelaznikas R, Barr A. 
Amiodarone as compared with lidocaine for shock-resistant ven-
tricular fibrillation. N Engl J Med. 2002;346:884–890. doi: 10.1056/
NEJMoa013029.

 102. Herlitz J, Ekström L, Wennerblom B, Axelsson A, Bång A, Lindkvist J, 
Persson NG, Holmberg S. Lidocaine in out-of-hospital ventricular fibril-
lation. Does it improve survival? Resuscitation. 1997;33:199–205.

 103. Harrison EE. Lidocaine in prehospital countershock refractory ventricu-
lar fibrillation. Ann Emerg Med. 1981;10:420–423.

 104. Markel DT, Gold LS, Allen J, Fahrenbruch CE, Rea TD, Eisenberg MS, 
Kudenchuk PJ. Procainamide and survival in ventricular fibrillation 
out-of-hospital cardiac arrest. Acad Emerg Med. 2010;17:617–623. doi: 
10.1111/j.1553-2712.2010.00763.x.

 105. Fatovich DM, Prentice DA, Dobb GJ. Magnesium in cardiac arrest (the 
magic trial). Resuscitation. 1997;35:237–241.

 106. Allegra J, Lavery R, Cody R, Birnbaum G, Brennan J, Hartman A, 
Horowitz M, Nashed A, Yablonski M. Magnesium sulfate in the treat-
ment of refractory ventricular fibrillation in the prehospital setting. 
Resuscitation. 2001;49:245–249.

 107. Hassan TB, Jagger C, Barnett DB. A randomised trial to investigate the 
efficacy of magnesium sulphate for refractory ventricular fibrillation. 
Emerg Med J. 2002;19:57–62.

 108. Thel MC, Armstrong AL, McNulty SE, Califf RM, O’Connor CM. 
Randomised trial of magnesium in in-hospital cardiac arrest. Duke 
Internal Medicine Housestaff. Lancet. 1997;350:1272–1276.

 109. Skrifvars MB, Pettilä V, Rosenberg PH, Castrén M. A multiple logistic 
regression analysis of in-hospital factors related to survival at six months 
in patients resuscitated from out-of-hospital ventricular fibrillation. 
Resuscitation. 2003;59:319–328.

 110. Sadowski ZP, Alexander JH, Skrabucha B, Dyduszynski A, Kuch J, 
Nartowicz E, Swiatecka G, Kong DF, Granger CB. Multicenter random-
ized trial and a systematic overview of lidocaine in acute myocardial 
infarction. Am Heart J. 1999;137:792–798.

 111. Teo KK, Yusuf S, Furberg CD. Effects of prophylactic antiarrhythmic 
drug therapy in acute myocardial infarction. An overview of results from 
randomized controlled trials. JAMA. 1993;270:1589–1595.

 112. Kudenchuk PJ, Newell C, White L, Fahrenbruch C, Rea T, Eisenberg 
M. Prophylactic lidocaine for post resuscitation care of patients with 
out-of-hospital ventricular fibrillation cardiac arrest. Resuscitation. 
2013;84:1512–1518. doi: 10.1016/j.resuscitation.2013.05.022.

 113. Jacobs IG, Finn JC, Jelinek GA, Oxer HF, Thompson PL. Effect of 
adrenaline on survival in out-of-hospital cardiac arrest: A randomised 
double-blind placebo-controlled trial. Resuscitation. 2011;82:1138–
1143. doi: 10.1016/j.resuscitation.2011.06.029.

 114. Hagihara A, Hasegawa M, Abe T, Nagata T, Wakata Y, Miyazaki S. 
Prehospital epinephrine use and survival among patients with out-of-
hospital cardiac arrest. JAMA. 2012;307:1161–1168. doi: 10.1001/
jama.2012.294.

 115. Machida M, Miura S, Matsuo K, Ishikura H, Saku K. Effect of intrave-
nous adrenaline before arrival at the hospital in out-of-hospital cardiac 
arrest. J Cardiol. 2012;60:503–507. doi: 10.1016/j.jjcc.2012.07.001.

 116. Callaham M, Madsen CD, Barton CW, Saunders CE, Pointer J. A 
randomized clinical trial of high-dose epinephrine and norepineph-
rine vs standard-dose epinephrine in prehospital cardiac arrest. JAMA. 
1992;268:2667–2672.

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


S464  Circulation  November 3, 2015

 117. Gueugniaud PY, Mols P, Goldstein P, Pham E, Dubien PY, Deweerdt 
C, Vergnion M, Petit P, Carli P. A comparison of repeated high doses 
and repeated standard doses of epinephrine for cardiac arrest out-
side the hospital. European Epinephrine Study Group. N Engl J Med. 
1998;339:1595–1601. doi: 10.1056/NEJM199811263392204.

 118. Brown CG, Martin DR, Pepe PE, Stueven H, Cummins RO, Gonzalez 
E, Jastremski M. A comparison of standard-dose and high-dose epineph-
rine in cardiac arrest outside the hospital. The Multicenter High-Dose 
Epinephrine Study Group. N Engl J Med. 1992;327:1051–1055. doi: 
10.1056/NEJM199210083271503.

 119. Sherman BW, Munger MA, Foulke GE, Rutherford WF, Panacek 
EA. High-dose versus standard-dose epinephrine treatment of car-
diac arrest after failure of standard therapy. Pharmacotherapy. 
1997;17:242–247.

 120. Stiell IG, Hebert PC, Weitzman BN, Wells GA, Raman S, Stark RM, 
Higginson LA, Ahuja J, Dickinson GE. High-dose epinephrine in adult 
cardiac arrest. N Engl J Med. 1992;327:1045–1050. doi: 10.1056/
NEJM199210083271502.

 121. Choux C, Gueugniaud PY, Barbieux A, Pham E, Lae C, Dubien PY, Petit 
P. Standard doses versus repeated high doses of epinephrine in cardiac 
arrest outside the hospital. Resuscitation. 1995;29:3–9.

 122. Maturi MF, Martin SE, Markle D, Maxwell M, Burruss CR, Speir 
E, Greene R, Ro YM, Vitale D, Green MV. Coronary vasoconstric-
tion induced by vasopressin. Production of myocardial ischemia 
in dogs by constriction of nondiseased small vessels. Circulation. 
1991;83:2111–2121.

 123. Asfar P, Radermacher P. Vasopressin and ischaemic heart disease: more than 
coronary vasoconstriction? Crit Care. 2009;13:169. doi: 10.1186/cc7954.

 124. Feng JJ, Arendshorst WJ. Enhanced renal vasoconstriction induced 
by vasopressin in SHR is mediated by V1 receptors. Am J Physiol. 
1996;271(2 pt 2):F304–F313.

 125. Mukoyama T, Kinoshita K, Nagao K, Tanjoh K. Reduced effective-
ness of vasopressin in repeated doses for patients undergoing prolonged 
cardiopulmonary resuscitation. Resuscitation. 2009;80:755–761. doi: 
10.1016/j.resuscitation.2009.04.005.

 126. Gueugniaud PY, David JS, Chanzy E, Hubert H, Dubien PY, Mauriaucourt 
P, Bragança C, Billères X, Clotteau-Lambert MP, Fuster P, Thiercelin D, 
Debaty G, Ricard-Hibon A, Roux P, Espesson C, Querellou E, Ducros 
L, Ecollan P, Halbout L, Savary D, Guillaumée F, Maupoint R, Capelle 
P, Bracq C, Dreyfus P, Nouguier P, Gache A, Meurisse C, Boulanger 
B, Lae C, Metzger J, Raphael V, Beruben A, Wenzel V, Guinhouya C, 
Vilhelm C, Marret E. Vasopressin and epinephrine vs. epinephrine alone 
in cardiopulmonary resuscitation. N Engl J Med. 2008;359:21–30. doi: 
10.1056/NEJMoa0706873.

 127. Ong ME, Tiah L, Leong BS, Tan EC, Ong VY, Tan EA, Poh BY, Pek 
PP, Chen Y. A randomised, double-blind, multi-centre trial comparing 
vasopressin and adrenaline in patients with cardiac arrest presenting to 
or in the Emergency Department. Resuscitation. 2012;83:953–960. doi: 
10.1016/j.resuscitation.2012.02.005.

 128. Wenzel V, Krismer AC, Arntz HR, Sitter H, Stadlbauer KH, Lindner KH; 
European Resuscitation Council Vasopressor during Cardiopulmonary 
Resuscitation Study Group. A comparison of vasopressin and epineph-
rine for out-of-hospital cardiopulmonary resuscitation. N Engl J Med. 
2004;350:105–113. doi: 10.1056/NEJMoa025431.

 129. Ducros L, Vicaut E, Soleil C, Le Guen M, Gueye P, Poussant T, 
Mebazaa A, Payen D, Plaisance P. Effect of the addition of vasopressin 
or vasopressin plus nitroglycerin to epinephrine on arterial blood pres-
sure during cardiopulmonary resuscitation in humans. J Emerg Med. 
2011;41:453–459. doi: 10.1016/j.jemermed.2010.02.030.

 130. Lindner KH, Dirks B, Strohmenger HU, Prengel AW, Lindner IM, Lurie 
KG. Randomised comparison of epinephrine and vasopressin in patients 
with out-of-hospital ventricular fibrillation. Lancet. 1997;349:535–537. 
doi: 10.1016/S0140-6736(97)80087-6.

 131. Callaway CW, Hostler D, Doshi AA, Pinchalk M, Roth RN, Lubin 
J, Newman DH, Kelly LJ. Usefulness of vasopressin administered 
with epinephrine during out-of-hospital cardiac arrest. Am J Cardiol. 
2006;98:1316–1321. doi: 10.1016/j.amjcard.2006.06.022.

 132. Donnino MW, Salciccioli JD, Howell MD, Cocchi MN, Giberson B, 
Berg K, Gautam S, Callaway C; American Heart Association’s Get With 
The Guidelines-Resuscitation Investigators. Time to administration of 
epinephrine and outcome after in-hospital cardiac arrest with non-shock-
able rhythms: retrospective analysis of large in-hospital data registry. 
BMJ. 2014;348:g3028.

 133. Goto Y, Maeda T, Goto Y. Effects of prehospital epinephrine during out-
of-hospital cardiac arrest with initial non-shockable rhythm: an observa-
tional cohort study. Crit Care. 2013;17:R188. doi: 10.1186/cc12872.

 134. Nakahara S, Tomio J, Nishida M, Morimura N, Ichikawa M, Sakamoto 
T. Association between timing of epinephrine administration and intact 
neurologic survival following out-of-hospital cardiac arrest in Japan: 
a population-based prospective observational study. Acad Emerg Med. 
2012;19:782–792. doi: 10.1111/j.1553-2712.2012.01387.x.

 135. Koscik C, Pinawin A, McGovern H, Allen D, Media DE, Ferguson 
T, Hopkins W, Sawyer KN, Boura J, Swor R. Rapid epineph-
rine administration improves early outcomes in out-of-hospital 
cardiac arrest. Resuscitation. 2013;84:915–920. doi: 10.1016/j.
resuscitation.2013.03.023.

 136. Hayashi Y, Iwami T, Kitamura T, Nishiuchi T, Kajino K, Sakai T, 
Nishiyama C, Nitta M, Hiraide A, Kai T. Impact of early intravenous 
epinephrine administration on outcomes following out-of-hospital car-
diac arrest. Circ J. 2012;76:1639–1645.

 137. Cantrell CL Jr, Hubble MW, Richards ME. Impact of delayed and 
infrequent administration of vasopressors on return of spontaneous 
circulation during out-of-hospital cardiac arrest. Prehosp Emerg Care. 
2013;17:15–22. doi: 10.3109/10903127.2012.702193.

 138. Mentzelopoulos SD, Zakynthinos SG, Tzoufi M, Katsios N, 
Papastylianou A, Gkisioti S, Stathopoulos A, Kollintza A, Stamataki 
E, Roussos C. Vasopressin, epinephrine, and corticosteroids for in-
hospital cardiac arrest. Arch Intern Med. 2009;169:15–24. doi: 10.1001/
archinternmed.2008.509.

 139. Mentzelopoulos SD, Malachias S, Chamos C, Konstantopoulos D, 
Ntaidou T, Papastylianou A, Kolliantzaki I, Theodoridi M, Ischaki H, 
Makris D, Zakynthinos E, Zintzaras E, Sourlas S, Aloizos S, Zakynthinos 
SG. Vasopressin, steroids, and epinephrine and neurologically favor-
able survival after in-hospital cardiac arrest: a randomized clinical trial. 
JAMA. 2013;310:270–279. doi: 10.1001/jama.2013.7832.

 140. Paris PM, Stewart RD, Deggler F. Prehospital use of dexamethasone in 
pulseless idioventricular rhythm. Ann Emerg Med. 1984;13:1008–1010.

 141. Tsai MS, Huang CH, Chang WT, Chen WJ, Hsu CY, Hsieh CC, Yang 
CW, Chiang WC, Ma MH, Chen SC. The effect of hydrocortisone on 
the outcome of out-of-hospital cardiac arrest patients: a pilot study. Am 
J Emerg Med. 2007;25:318–325. doi: 10.1016/j.ajem.2006.12.007.

 142. Ahrens T, Schallom L, Bettorf K, Ellner S, Hurt G, O’Mara V, Ludwig 
J, George W, Marino T, Shannon W. End-tidal carbon dioxide measure-
ments as a prognostic indicator of outcome in cardiac arrest. Am J Crit 
Care. 2001;10:391–398.

 143. 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 extracorporeal 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.

 144. 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.

 145. Lin JW, Wang MJ, Yu HY, Wang CH, Chang WT, Jerng JS, Huang SC, 
Chou NK, Chi NH, Ko WJ, Wang YC, Wang SS, Hwang JJ, Lin FY, 
Chen YS. Comparing the survival between extracorporeal rescue and 
conventional resuscitation in adult in-hospital cardiac arrests: propen-
sity analysis of three-year data. Resuscitation. 2010;81:796–803. doi: 
10.1016/j.resuscitation.2010.03.002.

 146. Maekawa K, Tanno K, Hase M, Mori K, Asai Y. Extracorporeal cardio-
pulmonary resuscitation for patients with out-of-hospital cardiac arrest 
of cardiac origin: a propensity-matched study and predictor analysis. Crit 
Care Med. 2013;41:1186–1196. doi: 10.1097/CCM.0b013e31827ca4c8.

 147. 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. 

KEY WORDS: arrhythmia ◼ cardiac arrest ◼ drugs ◼ ventricular arrhythmia 
◼ ventricular fibrillation 

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


White, Demetris Yannopoulos and Michael W. Donnino
K. Moitra, Robert W. Neumar, Brian J. O'Neil, James H. Paxton, Scott M. Silvers, Roger D. 

Mark S. Link, Lauren C. Berkow, Peter J. Kudenchuk, Henry R. Halperin, Erik P. Hess, Vivek
Care

Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Part 7: Adult Advanced Cardiovascular Life Support: 2015 American Heart Association

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2015 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/CIR.0000000000000261

2015;132:S444-S464Circulation. 

 http://circ.ahajournals.org/content/132/18_suppl_2/S444
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialCirculationin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on October 15, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/content/132/18_suppl_2/S444
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

