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Out-of-hospital cardiac arrest (OHCA) represents 
a profound clinical and public health challenge, 
both in the United States and across the globe. 
Cardiovascular disease, which accounts for one-third of all US 
deaths, is the most common cause of OHCA.1 

The overall occurrence of OHCA is highest in Australia 
(113:100,000), but its incidence from presumed cardiac cause 
is highest in North America (55:100,000).2 These events 
are more likely to stem from cardiac disease in patients 
older than 35 years, and are more commonly attributable to 
“noncardiac” causes in patients younger than 35 years.3 In 
fact, 83% of cardiac arrests occurring in patients younger than 
19 years are noncardiac in origin.4 Health care providers are 
notoriously inaccurate in predicting the cause of OHCA, often 
underestimating noncardiac etiologies.5,6

Epidemiologic data from a large 10-site North American 
resuscitation research consortium has demonstrated marked 
regional variations in OHCA-related outcomes.7 The median 
rate of survival to hospital discharge of cardiac arrest victims 
treated by emergency medical services (EMS) personnel is 8.4% 
(IQR: 5.4%, 10.4%), with rates ranging from 3.0% to 16.3%. This 
percentage is significantly higher in patients with ventricular 
fibrillation (VF) as the initial rhythm. The median rate of 
survival to hospital discharge in this subpopulation is 22.0% 
(IQR: 15.0%, 24.4%), with rates ranging from 7.7% to 39.9% 
across the same geographic locales. 

Resuscitation science has evolved greatly since the 
inception of cardiopulmonary resuscitation (CPR). Guidelines 
for cardiac arrest resuscitation are updated every 5 years 
by the International Liaison Committee on Resuscitation 
(ILCOR), which provides treatment recommendations based 
on available evidence and expert opinion. ILCOR guidelines 
then are funneled through national and regional associations 
(eg, the American Heart Association [AHA]) and packaged as 

educational curricula (eg, Basic Life Support [BLS] or Advanced 
Cardiac Life Support [ACLS]). 

Emergency care providers and others tasked with leading 
resuscitation efforts must be aware of the source material for 
these curricula and understand the controversies, paradigms, 
and accumulated evidence behind the latest recommendations. 

PEARL
A cardiac cause of cardiac arrest is more likely in patients 
over 35 years of age.

General Considerations
Cardiac arrest is a dynamic disease. Few other clinical 

presentations strain the leadership abilities of the emergency 
care provider to the same degree. Astute clinicians must realize, 
however, that they are orchestrating only one portion of a larger 
series of events, each of which directly affects patient outcomes. 
The achievement of return of spontaneous circulation (ROSC) is 
only one piece of this resuscitation puzzle. 

Layperson recognition of cardiac arrest, activation of 
the EMS system, and provision of bystander CPR are equally 
important. In addition, the critical care, inpatient, and 
rehabilitation phases of treatment play crucial roles in patient 
survival. This overarching view of cardiac arrest care is embodied 
in the success of bundled postresuscitation care packages that 
improve outcomes among patients attaining ROSC.8

Circulatory Support
“Pit Crew” CPR

Prompt and effective cardiac arrest management can be 
difficult in the hectic and potentially austere environments 
in which it is required. To orchestrate efficient and effective 
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resuscitation, regimented training and good working relationships 
between care providers are vitally important. “Pit crew” CPR 
(Figure 5-1) is an effective strategy for controlling the chaos of 
resuscitation, which — when bundled into a larger cardiac arrest 
management plan — can improve patient outcomes.9 

Just as in motor sports, this technique is centered on a core 
group of providers with preassigned roles. The responsibility of 
each caregiver is determined by his or her location and proximity 
to the patient. For example, the provider at the head is always 
in charge of the airway, and the provider near the patient’s left 
shoulder is always tasked with chest compressions. This concept 
is similar to strategies employed by trauma resuscitation teams. 

Mechanical Devices
The management of human factors is one of the most 

challenging aspects of cardiac arrest resuscitation. With the 
proliferation of mechanical resuscitation devices, it is tempting 
to offload certain repetitive tasks to free up additional resources. 
Chest compressions and ventilations, for example, require a 
sizable investment of personnel and are prone to a great degree 
of interoperator variability in quality and effectiveness.

When working together, a mechanical chest compression 
device and ventilator can deliver sustained, uninterrupted, 
quality compressions and ventilations without deviating from 
specified parameters. This essentially eliminates the cognitive 
burden of constantly verifying the quality of procedure 
“performance,” allowing the resuscitation leader to focus on 
detecting and addressing reversible causes. The feasibility of 
using mechanical CPR as a bridge to computed tomography 
(CT), cardiac catheterization, and percutaneous cannulation 
for extracorporeal membranous oxygenation (ECMO) is well 
demonstrated.10-13

PEARLS
ü	 Consider offloading repetitive tasks to machines.
ü	 When considering advanced diagnostic or 

interventional maneuvers, use a piston-driven or 
load-distributing band device when performing chest 
compressions.

The most common devices use either a piston or 
compression band system to decrease the volume of the thoracic 
cavity, pushing blood throughout the body. Designed to 
deliver efficient mechanized compressions comparable to those 
performed in manual CPR, these tools are timed to work in a 
30:2 ratio or at rates suggested by the AHA. In select patients, 
mechanical CPR devices afford the opportunity for truly 
astounding resuscitations; however, the same benefits have not 
been observed in the general cardiac arrest population.14 

A number of studies have been performed to evaluate these 
devices, but it should be noted that many were sponsored by 
manufacturers. Studies evaluating CPR metrics, including end-
tidal carbon dioxide measurements, cerebral blood flow, and 
coronary perfusion pressure, demonstrate better results with 
mechanical CPR devices than with manual CPR.15-17 Randomized 
trials and a meta-analysis found a slight trend toward higher 
rates of ROSC but failed to show an outcome benefit for either 
technique.18-21

Application time appears to be the biggest issue with 
mechanical methods.22,23 In most cases, a hands-off period is 
needed when applying the device; for an untrained rescuer, this 
could lead to significant time without compressions. Virtually 
every manufactured device has some posterior component 
that demands halting compressions to allow proper placement. 

FIGURE 5-1. Pit Crew Model Positional Assignments
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Although a number of device-related injuries have been 
reported, they have not been associated with untoward results.24 
Not surprisingly, most of these injuries are similar to those 
seen with manual CPR (eg, rib fractures, sternal fractures, liver 
lacerations, and pulmonary contusions). However, these tools 
typically are applied after some duration of manual CPR, so it is 
difficult to attribute specific injuries to the equipment alone. 

Mechanical devices appear to provide benefit in prolonged 
resuscitations, during which providers tire; in situations where 
manual CPR is dangerous or not feasible; and as a bridge to 
percutaneous coronary intervention (PCI) or mechanical 
support. 21,25-27 There is no evidence for their routine use in the 
undifferentiated cardiac arrest patient.

Compression-Only CPR
Compression-only or hands-only CPR solely employs 

the chest compression portion of traditional CPR. The AHA 
suggests this method for lay rescuers, since it is simpler and 
better received by most people.28 Reports are mixed regarding 
the efficacy of compression-only CPR performed by professional 
rescuers and hospital personnel. Some observational studies 
have suggested that patients whose cardiac arrest stems from 
a noncardiac cause might fare better with traditional CPR, 
whereas others report no difference in outcomes between the 
two techniques.29-32 Although data regarding the need for rescue 
breaths are inconsistent, there is consensus on the need for 
prompt, effective chest compressions with limited interruptions 
— a point emphasized by current CPR guidelines. 

Continuous CPR
The primary arguments for continuous chest compressions 

are similar to those for compression-only CPR. The term 
continuous chest compressions usually refers to the initial period of 
resuscitation, most notably the first 4 to 6 minutes following the 
loss of pulses. During this initial phase, myocardial and cerebral 
tissue is most sensitive to decreased blood flow; hypoperfusion 
during this fragile window will lead to worse outcomes. 

It has been well demonstrated that any interruption in 
chest compressions — even a brief pause for ventilation — 
decreases coronary perfusion pressure and forward blood flow, 
which are vital to the heart and brain.33 Quality, uninterrupted 
compressions not only perfuse vital organs, but also improve 
the probability of successful defibrillation. The combination of 
uninterrupted compressions and a minimal ”preshock pause” 
may improve defibrillation success and neurological outcomes.34 

When engaged in continuous compressions, care providers 
are prevented from employing advanced airway maneuvers 
or other interventions. The  necessary distraction can dilute 
the focus on quality, minimally interrupted compressions and 
— at worst — can put patients at risk. A number of studies 
have questioned the use of advanced airways in cardiac arrest 
patients during the prehospital phase of care, a strategy that 
has been linked to poor outcomes.36-38 Preclinical studies have 
found that even the two breaths given during a conventional 

30:2 compression cycle increase intrathoracic pressures, decrease 
venous return, and reduce blood flow to the heart and brain.39 
While controversy continues about the best compression-
to-breath ratio with a BLS or native airway, continuous 
compressions (>100 per minute) should be administered after 
placement of an advanced airway.

Defibrillation
Energy Selection 

The original defibrillator was little more than a simple pair 
of electrodes that conducted 110 volts of alternating current 
through the exposed heart. Modern external defibrillators are 
available in a variety of designs with proprietary waveforms 
(eg, biphasic truncated exponential, pulsed biphasic, rectilinear 
biphasic, damped sinusoid monophasic, and monophasic 
truncated exponential) specific to the manufacturer. Most 
current models employ biphasic waveforms, which require less 
energy to terminate VF and improve first shock success.40,41 

Clinicians should be familiar with the defibrillators available 
to them and the manufacturers’ recommendations for use. 
The suggested energy for biphasic defibrillation depends on 
the manufacturer, varying between 150 and 360 joules.43,44 
However, concerns have arisen regarding the effectiveness of the 
recommended first shock energies, prompting some prehospital 
agencies to implement a “highest dose first” strategy.

Timing of Shock Delivery
Early defibrillation historically has been considered a 

key link in the “chain of survival” for its vitally important 
role in minimizing the interval until ROSC.45 However, 
research suggests that defibrillating a myocardium depleted of 
high-energy phosphates may increase the incidence of post-
defibrillation asystole — an observation that begs the question: 
should chest compressions be performed prior to defibrillation to 
restore high-energy phosphates and “prime” the myocardium?46-48 

Three studies designed to address this question have produced 
conflicting results. Two failed to demonstrate any benefit of 
CPR prior to defibrillation, but a third showed a survival benefit 
in a subgroup of patients for whom EMS response exceeded 4 
minutes.49-51 A 2011 international randomized trial involving 
nearly 10,000 patients failed to show a difference in the ability 
of the two strategies to improve survival rates with good 
neurological outcomes.52

Minimizing Peri-Shock Pauses
The peri-shock pause begins when compressions are 

stopped to allow defibrillation and ends when compressions are 
resumed (Figure 5-2). Logistically, this period often includes 
a rhythm assessment, charging the defibrillator, delivering the 
defibrillation, and waiting for instructions to resume chest 
compressions.

The duration of the peri-shock pause is inversely 
associated with both ROSC and survival; it should be 
minimized as much as possible.53 Reductions in the use of 
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Double-Sequence Defibrillation
In some cases of refractory fibrillation, successful restoration 

of a perfusing rhythm has been achieved through double-
sequential defibrillation (ie, the discharge of two defibrillators 
nearly simultaneously [Figure 5-3]). The technique first 
was described in the electrophysiology lab as a strategy for 
terminating persistent atrial fibrillation. Since then, it has been 
used with some success in correcting out-of-hospital VF.61,62

PEARLS
ü	 Increased lengths of peri-shock pause are negatively 

associated with patient survival rates.
ü	 Be careful and creative in choosing logistic maneuvers 

so as to minimize hands-off time.

Airway
Adjuncts

The two airway adjuncts most commonly available are 
oropharyngeal and nasopharyngeal devices — both of which 
have a long history of use, despite the lack of research supporting 
their utility in human CPR. In typical cases, the insertion of 
these noninvasive airway adjuncts will maximize the seal during 
positive-pressure ventilation and mitigate any obstruction caused 
by the patient’s tongue and oropharyngeal structures. However, 
inadvertent intracranial insertion of a nasopharyngeal airway has 
been reported in patients with basal skull fractures.63,64

Cricoid Pressure
Cricoid pressure originally was proposed to reduce gastric 

inflation during ventilation with a bag-valve mask (BVM); 
however, the studies that demonstrated its benefits used much 
higher tidal volumes than those currently recommended.65,66 
More recent research shows that cricoid pressure hampers 

this strategy, particularly the preshock component (ie, for 
rhythm analysis and defibrillator charging), increase the 
likelihood of survival.54 

The pit crew-style CPR techniques endorsed by the 
American Heart Association, including the “Seattle Switch” 
protocol (Table 5-1), directly address the peri-shock pause. Care 
providers should communicate with each other to ensure that 
the device is charging while a compression cycle is finishing. 
Additionally, using a monitor defibrillator in “manual” mode 
(as opposed to “AED” mode) may help reduce the preshock 
pause and improve ROSC. 

The primary activities during the postshock pause 
are rhythm and pulse checks after defibrillation. Notably, 
myocardial stunning is very common in the period after 
ROSC.55 Even if successfully defibrillated, patients might 
be hypotensive initially, with weak or absent peripheral 
pulses. Furthermore, interrupting compressions to perform 
pulse checks may decrease a patient’s odds of survival.56 It 
is prudent to immediately follow a defibrillation attempt 
with an additional cycle (2 minutes) of chest compressions 
to minimize the postshock pause.57 The pit-crew techniques 
discussed above can help facilitate coordination between the 
care providers.

“Hands-on defibrillation” — essentially continuing 
compressions while a shock is administered — is an alternative 
technique for eliminating the peri-shock pause altogether. A 
compelling study of patients undergoing elective cardioversion 
with a biphasic defibrillator demonstrated that rescuers, 
protected only by standard polyethylene gloves, could be in 
contact with the chest without exposure to dangerous levels of 
current.58 Subsequent preclinical investigations have yielded 
conflicting results about the level of current to which caregivers 
are exposed; further study is necessary to determine the safety 
of this technique over the range of conditions encountered 
during resuscitation.59,60

FIGURE 5-2. Schematic of Peri-Shock Pause
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the placement of both supraglottic and endotracheal airways, 
and hinders laryngeal mask airway placement and subsequent 
ventilation.67-74 The method also increases the time to intubation 
and reduces laryngoscopic views.67-82 Cricoid pressure should not 
be applied routinely during airway management in cardiac arrest.

Advanced Airways
Prehospital advanced airway management is a controversial 

topic beyond the scope of this chapter. There is no clear 
evidence of its benefit, and the incidence of adverse events 
during intubation attempts becomes unacceptably high when 
prehospital personnel do not receive active, ongoing skill 
training. 35, 83-88 Whether in the prehospital setting or in the 
emergency department, prolonged attempts at advanced airway 
management unnecessarily interrupt chest compressions, 
especially when acceptable alternatives are available. Evidence 
is mixed regarding the optimal timing of advanced airway 
management during cardiac arrest resuscitation; however, earlier 
airway management (<5 minutes) has been associated with an 
improved rate of 24-hour survival.89 

Intubations performed less than 12 minutes into the 

resuscitation have been associated with better survival rates than 
those initiated after 13 minutes.90 However, a bundled protocol 
that includes delayed intubation, passive oxygen delivery via 
nonrebreather mask during CPR, and minimally interrupted 
chest compressions appears to improve neurological survival to 
hospital discharge in adults with witnessed OHCA who present 
with a shockable rhythm.91

Supraglottic airways are acceptable alternatives to 
endotracheal intubation during cardiac arrest resuscitation. 
Ventilation through a variety of these devices results in similar 
arterial blood gas values compared with traditional BVM 
ventilation.92,93 Additionally, ventilation through a laryngeal mask 
airway results in less regurgitation (3.5%) than ventilation with a 
bag-valve mask (12.4%).94 

Supraglottic airways perform as well as, or better than, 
endotracheal intubation in terms of insertion success, time to 
insertion, and ventilation parameters.95-103 They also can serve as 
rescue devices for difficult/failed intubations in cardiac arrest; 
however, their routine use, especially in cases of prehospital 
cardiac arrest, is discouraged. 96,97,101,104-109 One retrospective 
study comparing endotracheal intubation with an esophageal-
tracheal Combitube found no difference in the rates of ROSC or 
survival.102 A 2013 Japanese study of more than 600,000 OHCA 
events independently linked advanced airway management 
via endotracheal tube or supraglottic device to worsened 
neurological outcomes.37 

Another retrospective study of more than 10,000 cardiac 
arrest cases found survival was highest among patients 
receiving airway management via bag-valve mask. The worst 
neurological outcomes were found in those who were ventilated 
with a supraglottic device.36 Given the mixed evidence related 
to optimal airway management in cardiac arrest, a randomized 
pragmatic trial of airway management in OHCA (supraglottic 
airway vs. endotracheal intubation) recently was initiated 
(NIH: 8793277). 

Regardless of the airway management strategy employed, 
confirmation of advanced airway placement is crucial. The 
best available standard is continuous waveform capnography, 
which has 100% sensitivity and 100% specificity in cardiac 
arrest.112,113 If this modality is unavailable, the combination of 
a colorimetric end-tidal CO2 detector and clinical assessment 
is an acceptable alternative. When arrest occurs secondary 
to a suspected cardiac cause, advanced airway management 
does not appear to confer a distinct advantage over less 
invasive techniques such as bag-valve-mask ventilation. 
Indeed, important considerations with respect to initial airway 
management include avoiding interruptions in compressions 
and achieving airway patency.

Oxygenation
Current convention dictates oxygenating with 100% fraction 

of inspired oxygen (FiO2) during CPR, although preclinical 
animal research suggests that the higher percentage results in 
worse neurological outcomes than 21% FiO2.

Passive oxygenation is one technique that can help  

1.	 At the 1:45 mark, begin thinking about the next 
defibrillation. Tip: if doing 30:2, the heart rhythm can 
be seen during ventilations.

2.	 Ask aloud, “Who is next on chest compressions?”  
That individual should line up behind the rescuer 
doing CPR.

3.	 Precharge the defibrillator without interrupting chest 
compressions.

4.	 As soon as the defibrillator begins charging, the BVM 
should be removed from the patient’s face.

5.	 Once the defibrillator has charged, announce  
“Stop CPR.”

6.	 The provider doing chest compressions should  
clear out of the way (this is the start of the peri-shock 
pause).

7.	 The provider on the monitor should quickly verify  
that the rhythm is shockable and press “shock.”

8.	 Once the shock has been delivered (or if the rhythm  
is nonshockable), announce, “Continue CPR.”

9.	 A new rescuer should start compressions (this is the 
end of the peri-shock pause and the start of a new 
2-minute cycle).

10.	 IVs, drugs, and advanced airway procedures are 
acceptable, provided they do not interfere with 
expertly performed BLS!

11.	 Once an advanced airway is in place, deliver 
asynchronous ventilations every 6 seconds (that’s slow).

12.	 If the patient fails to respond to pit crew CPR  
(>5 cycles and still no ROSC), consider switching 
to another resuscitation system.

TABLE 5-1. The “Seattle Switch” Procedure
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minimize interruptions in chest compressions. It is predicated 
on cycles of successive chest wall compressions and recoil 
that generate passive airflow while applying high-flow oxygen 
via a nonrebreather mask. If the tidal volumes generated are 
greater than the dead space, oxygenated air is moved into the 
lungs. If these volumes are insufficient, however, the turbulent 
mixing of air can result in molecular diffusion and subsequent 
gas exchange (much like the effects seen in high-frequency 
oscillatory ventilation). 

Pharmacotherapy 
General Principles

There is a shifting deemphasis on pharmacological 
interventions based on a growing body of literature that 
acknowledges short-term improvements in ROSC but has yet 
to demonstrate long-term benefits. This lack of treatment effect 
in clinical studies is in contrast to the benefits observed in 
preclinical animal trials.125 Pharmacotherapy in cardiac arrest 
originated from a canine model of VF in the 1960s, in which 
animals receiving epinephrine demonstrated an improved 
survival rate. The use of epinephrine primarily was intended 
to boost systemic vascular resistance, leading to increased 
cardiac preload, thus augmenting the ability of CPR to produce 
coronary perfusion pressure and end-organ perfusion. 126 Human 
investigations have found the same improvements in ROSC or 
short-term survival, but no resuscitation medication ever has 
been linked to improvements in survival to hospital discharge or 
favorable neurological outcomes.

Epinephrine
Despite nearly 50 years of continuous clinical use, there 

is equipoise regarding epinephrine for cardiac arrest. In 
recent years, the medication has been associated with a lower 
survival rate and poor neurological outcomes.127-130 Speculation 
as to the cause of these unfavorable long-term effects centers 
on compromised microvascular perfusion, beta-adrenergic-
mediated toxicity, and the futility of transient survival in 
otherwise nonviable patients.131 

The first study to directly investigate the use of epinephrine 
was a 2009 randomized controlled trial of IV line placement 
during resuscitation. Patients who received an infusion of the 
drug experienced a higher rate of ROSC (40%) compared with 
those who did not (25%); however, the rates of survival to 
discharge at 1 year did not differ between the groups.132 A post-
hoc analysis of epinephrine administration yielded a negative 
association between the drug and good neurological outcomes.133 
A more recent propensity-matched, population-based study of 
more than 400,000 Japanese patients also linked the prehospital 
administration of epinephrine to an improved rate of ROSC but 
a decreased rate of survival to hospital discharge with favorable 
neurological outcomes.134 

Critics of this work point out variability in the dosing of 
epinephrine, the timing of its administration, and the post-
arrest care of resuscitated patients. The standard dose of 
epinephrine used in resuscitation (1 mg or 0.05–0.1 mg/kg) was 
originally derived from a study of 20- to 30-kg dogs. This dose 
is tremendously supraphysiological and roughly 1,000 times 
the maximum dose used as a vasopressor in the resuscitation 
of patients in shock. Several studies in the 1990s explored even 
higher doses of epinephrine (3–5 mg).136‒139 Not surprisingly, 
most found no improvement in long-term survival. A lower 
dose (<1 mg) might mitigate concerns regarding toxicity and 
microvascular compromise.131 

Two recent retrospective studies addressed the timing of 

FIGURE 5-3. Pad Placement for Double-
Sequence Defibrillation

A simplified cardiac arrest protocol consisting of passive 
oxygenation via a nonrebreather mask and continuous chest 
compressions has been shown to improve rates of neurologically 
intact survival to hospital discharge in adults with witnessed 
cardiac arrest and a shockable initial rhythm.114,115

Ventilation
The human data on ventilation parameters during CPR focus 

solely on respiratory rate and do not address minute ventilation 
or peak inspiratory pressure. The ventilatory rate frequently 
is too high during cardiac arrest resuscitation, and the use of 
real-time CPR feedback devices results in ventilation rates 
closer to those recommended in the guidelines.50 Preliminary 
animal studies have associated hyperventilation with diminished 
hemodynamics and survival, but there are no human studies to 
support the avoidance of hyperventilation.39

End-tidal carbon dioxide (CO2) monitoring is a 
noninvasive method of obtaining physiological feedback 
during resuscitation; increases in CO2 values typically herald 
ROSC.116,117 Additionally, end-tidal CO2 values greater than 
10 mm Hg during CPR are associated with ROSC,118 whereas 
those below 10 mm Hg may predict nonsurvival.119-124 End-
tidal CO2 has not been evaluated specifically as a tool to guide 
resuscitation interventions in real time.



	 Cardiac Arrest Updates	 45

epinephrine administration. In one cohort of more than 3,000 
patients who were stratified by the first documented cardiac 
rhythm, those who received epinephrine within 10 minutes 
after the emergency call had a higher survival rate and better 
neurological outcomes than those who received the drug after 
10 minutes.140 Similarly, another study reported improved rates 
of ROSC and survival if epinephrine was administered within 10 
minutes after the onset of cardiac arrest.141 Although the original 
observational studies of epinephrine were conducted before the 
era of therapeutic hypothermia and protocolized postarrest care, 
follow-up studies have addressed these concerns, yielding similar 
results.133,134 A robust, randomized, placebo-controlled trial of 
epinephrine in cardiac arrest is urgently warranted.

Vasopressin
A potent vasoconstrictor, vasopressin is associated with 

improved end-organ and cerebral blood flow and lacks the beta 
toxicity associated with epinephrine. Nonetheless, in head-
to-head comparisons, vasopressin alone offers no survival 
advantage over epinephrine.142‒144 Furthermore, the combination 
of the two drugs offers no survival advantage over epinephrine 
alone.145,146 In contrast, a recent trial of vasopressin, epinephrine, 
and methylprednisolone demonstrated improved survival rates 
and neurological outcomes.147,148 Several confounders (postarrest 
care protocols that include stress-dose steroids) make it difficult 
to assess the isolated effects of vasopressin.

Atropine
At best, atropine offers no survival benefit; at worst, it 

may diminish survival. 149‒154 The agent confers no mechanistic 
advantage during resuscitation from asystole and pulseless 
electrical activity, so its routine use cannot be recommended.

Antiarrhythmics
Current guidelines recommend the administration of an 

antiarrhythmic medication if VF or ventricular tachycardia 
(VT) persists after one defibrillation attempt and 2 minutes 
of CPR. Amiodarone is the preferred agent, but lidocaine can 
be given if amiodarone is unavailable. Several studies point to 
an improved rate of survival to hospital admission in patients 
receiving amiodarone versus lidocaine for refractory or recurrent 
VF/VT; however, neither drug has been shown to improve 
long-term survival or neurological function.133,155-157 A three-
arm, randomized, blinded, multicenter study of 3,000 OHCA 
patients with shock-resistant ventricular dysrhythmias found no 
difference in survival or favorable neurological outcome between 
patients taking amiodarone, lidocaine, or placebo. A subgroup 
analysis of patients with witnessed cardiac arrest found that 
those receiving active drugs (amiodarone or lidocaine) were 
more likely to survive than those receiving placebo.158

Systems Issues
Termination of Resuscitation 

Advances in resuscitation science continue to shed light 
on which patient populations are most likely to survive a 

cardiac arrest event. Factors consistently linked to survival 
include prompt bystander CPR, quality uninterrupted chest 
compressions, and early defibrillation.

In an attempt to develop universally applicable guidelines 
for the prehospital termination of resuscitation (TOR), a team of 
researchers prospectively validated a previously established set 
of rules for BLS providers in a cohort of 2,145 OHCA patients 
(Table 5-2).159 These rules demonstrated 100% specificity for 
recommending transport of potential survivors and a positive 
predictive value of 100% for death. The predicted transport rate 
was 46%. 

A set of universal set of TOR rules could minimize practice 
variations among physicians providing online medical control. 
Established protocols also could improve resource utilization and 
EMS safety by reducing the number of patients transported to 
hospitals; however, this reduction could impede the development 
of new strategies and techniques for managing those currently 
deemed unresuscitatable. Universal TOR rules also open 
the possibility for occasional — albeit rare — premature 
terminations of resuscitation.

Regionalization of Care
Patients in cardiac arrest and those who have been 

resuscitated should be managed at a regionalized cardiac 
arrest center. This is not a new model of care for time-sensitive 
interventions. Trauma, ST-elevation myocardial infarction 
(STEMI), and acute stroke all take advantage of established, 
regionalized systems of care that coordinate prehospital units 
with receiving centers. Several case-control studies have 
highlighted the effectiveness of bundled postresuscitation 
care, demonstrating improved results compared with 
historical controls.8,160‒165 Typical hospital-based physicians treat 
postcardiac arrest patients infrequently, given the low rates 
of resuscitation in communities. Regionalized cardiac arrest 
centers increase referral volumes and thereby the experience 
of clinicians.166 The positive correlation between care providers’ 
experience (or procedural volume) with complex diagnoses (or 
procedures) and better patient outcomes is well documented.167

An accumulating body of evidence points to improved 
outcomes when cardiac arrest patients are treated at regionalized 
centers.168 Several studies have described the great influence 
these transportation decisions can have on outcomes.169 In one 
German study, the patients treated in a PCI center were more 
than 3 times as likely to survive with a favorable neurological 
outcome. Another study investigated 27,000 Korean patients 
who were transported to hospitals with CPR in progress.170 

No return of spontaneous circulation prior to transport 

No shock administered

Arrest not witnessed by EMS personnel

TABLE 5-2. Validated Universal Rules for 
Prehospital Termination of Resuscitation
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Even with longer transport intervals, those transferred to high-
volume centers were more likely to survive to hospital discharge 
than those treated in low-volume centers. 

One of the common barriers to the implementation of 
regionalized cardiac arrest care is patient transport. The decision 
to bypass a local hospital to transport a patient to a more distant 
resuscitation center is controversial. However, two recent studies 
indicate that prehospital transfer time does not independently 
affect patient outcomes after cardiac arrest, suggesting the 
feasibility of a modest increase in transport intervals.172,173 Likewise, 
patients who achieve ROSC at a local hospital should be strongly 
considered for interfacility transfer to a regional cardiac arrest 
center, which also is far likelier to offer organ donation and 
procurement services for those who do not survive (Table 5-2).171 

A study of 248 resuscitated patients transferred to tertiary 
care facilities with a median transport time of 63 minutes 
found that rearrest was uncommon (6%) and critical events (eg, 
hypotension and/or hypoxia) affected 23% of patients during 
transport.174 Most critical events took place within the first hour 
of transport, and 27% occurred at the referring facility prior to 
departure. Patients taking vasopressors were most likely to suffer 
critical events. When weighing the risk of transport against the 
overall survival rate (53%) and survival rate of patients suffering 
a critical event (29%), the researchers found that those referred 
to a cardiac arrest center from an outlying facility derived 
benefit, with an acceptable risk of decompensation en route.

Special Populations
Traumatic Cardiac Arrest 

Most causes of traumatic cardiac arrest, which 
historically has carried a dismal prognosis, are related to 
airway maintenance, thoracic trauma that impedes adequate 
oxygenation/ventilation, hemorrhage, or intracranial injury. 
Diagnostic and therapeutic interventions should be tailored to 
these underlying factors. 

KEY POINTS
1.	 Achieving return of spontaneous circulation is one 

component of an effective cardiac arrest strategy. 
Comprehensive resuscitation care requires the 
engagement of both emergency health care practitioners 
and the lay public.

2.	 There is no evidence to support the routine use of 
mechanical chest compression devices in the prehospital 
setting for undifferentiated cardiac arrest.

3.	 In select patients, mechanical chest compression devices 
provide a bridge to invasive therapies.

4.	 Although data regarding the need for rescue breaths 
during CPR are inconsistent, there is consensus on the 
need for prompt, effective chest compressions with limited 
interruptions.

5.	 Know the defibrillator model used in your institution as well 
as the manufacturer’s recommended energy selection.

6.	 For witnessed arrests with a shockable rhythm, it is 
reasonable to defibrillate before starting CPR. For 
unwitnessed arrests with a shockable rhythm, it is 
reasonable to perform CPR before defibrillating.

7.	 Increasing lengths of the peri-shock pause are 
negatively associated with the survival rate.

8.	 Be careful and creative in choosing logistic 
maneuvers so as to minimize hands-off time.

9. 	 Cricoid pressure impairs laryngoscopy and the 
placement of advanced airways; it should not be 
performed routinely.

10.	Evidence for advanced airway management in 
the setting of out-of-hospital cardiac arrest is 
lacking. Supraglottic devices and endotracheal 
intubation have been associated with an increase 
in mortality rate. 

TABLE 5-3. Proposed Clinical Services 
for Regionalized Cardiac Arrest Centers
Neurological Services

Induced hypothermia
Continuous EEG monitoring
Seizure management
Neurology consultation
Neurosurgical consultation
Cerebral imaging (CT, MRI, perfusion studies)
Neurophysiological testing (evoked potentials)
Prognostication services
Critical Care Services
Ventilator management
Glucose control
Goal-directed hemodynamic management
Cardiovascular Services
Cardiac catheterization/percutaneous coronary 

intervention

Coronary artery bypass grafting
Intraaortic balloon pump
Cardiovascular mechanical support devices
Extracorporeal membranous oxygenation (ECMO)
Transplant surgery consultation
Electrophysiology consultation 
ICD placement
Other Services
Physical medicine and rehabilitation consultation
Physical and occupational therapy
Social work
Organ donation 
Outpatient physical and occupational therapy
Outpatient neurological rehabilitation
Outpatient psychological services
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In the setting of traumatic cardiac arrest, the clinician 
should focus on prompt airway management, empiric chest 
tube placement, hemorrhage control, the transfusion of blood 
products, and consideration of resuscitative thoracotomy. 
Conventional ACLS measures are unlikely to add value in cases 
of traumatic cardiac arrest. In advanced centers, extracorporeal 
membranous oxygenation (ECMO) or resuscitative endovascular 
balloon occlusion of the aorta (REBOA) may be considered for 
select patients.

Poisoned Patients 
Since resuscitation of the critically ill patient often is 

undertaken without the benefit of a complete medical history, 
consideration of underlying causes is of prime importance. 
Certain toxidromes are associated with myocardial depression, 
lethal arrhythmias, and high fatality rates. In specific cases, 
the administration of a particular ACLS drug can counteract a 
poison’s deleterious effects. Consider consulting with a regional 
poison control center when appropriate. (Also see chapter 16.)

Pediatric Patients 
All providers who perform resuscitation must maintain 

proficiency in pediatric emergency skills. In children, cardiac 
arrest typically results from hypoxic insult (as opposed to 
lethal arrhythmia), so special attention to airway management 
is of extreme importance when managing these vulnerable 
patients. In general, pediatric resuscitation emphasizes airway 
management and the correction of underlying pathology. More 
detailed information is provided in chapter 25.

The value of quality compressions and BLS cannot be 
overstated. Lengthy attempts to establish intravenous access are 
discouraged in favor of quicker modalities such as intraosseous 
needle insertion. Devices such as the E-Z IO drill (Vidacare, 
Shavano Park, TX) minimize the technical difficulty of placing a 
catheter into the bone marrow. 

Some tertiary care centers report favorable results with extra

corporeal membrane oxygenation in victims of refractory arrest.175 
This technology can enhance the resuscitation armamentarium 
in hospitals with specialized personnel and equipment. Finally, 
adequate preparation and training are essential. Pediatric supplies 
must be readily accessible and familiar to all clinicians charged 
with leading resuscitation. Weight-based drug regimens and color-
coded kits containing appropriately sized equipment can minimize 
stress during an arrest scenario.

Future Directions 
Extracorporeal Life Support 

Extracorporeal life support (ECLS) — the incorporation of 
ECMO into cardiac arrest resuscitation — is a resource-intensive 
therapy that has been deployed successfully to boost neurological 
survival in select patients suffering OHCA. Japan, which boasts 
one of the most sophisticated ECLS systems in the world, 
determines patient eligibility using the following criteria: 

•	 Age 18 to 74 years
•	 Bystander-witnessed cardiac arrest
•	 Presumed cardiac etiology
•	 Less than 15 minutes from collapse until EMS arrival
•	 Shockable rhythm
•	 Persistent cardiac arrest on arrival 176 
Eligible patients are cannulated percutaneously for ECMO 

in the emergency department while CPR is in progress. Once life 
support is initiated, patients are cooled rapidly with the ECMO 
circuit while receiving urgent coronary angiography, PCI (if 
indicated), and insertion of an intraaortic balloon pump. 

There is a clear stepwise relationship between outcomes and 
quartiles of the intervals. The optimal cutoffs in the Japanese 
ECLS system are 55.5 minutes for the collapse-to-ECMO interval 
and 21.5 minutes for the ECMO-to-34°C (93.2°F) interval. The 
odds of survival with a positive neurological outcome is 50% or 
higher when the ECMO-to-34°C (93.2°F) interval is less than 
21.5 minutes, regardless of the collapse-to-ECMO interval. A 
cumulative review of the Japanese ECLS literature through 2011 

11.	Prehospital airway management should not take 
precedence over the performance of high-quality 
uninterrupted chest compressions.

12.	Endotracheal tube placement should be confirmed with 
continuous waveform capnography.

13.	After return of spontaneous circulation, oxygenation 
and ventilation strategies should aim for minimally 
necessary FiO2 and normocarbia. There is little evidence 
to guide these strategies during resuscitation.

14.	 Indications for resuscitation drugs need to be 
reevaluated in the context of modern postresuscitation 
care.

15.	Although the routine use of vasopressors can improve 
the rate of ROSC, there is no evidence that the practice 
improves survival rates or neurological outcomes. These 
agents might, in fact, worsen long-term outcomes.

16.	Antiarrhythmic medications might offer short-term 
benefits, but they never have been associated with 
survival or favorable neurological outcomes. 

17.	Sodium bicarbonate does not improve outcomes 
and could be harmful.

18.	Calcium, magnesium, and fibrinolytic agents 
should be reserved for the treatment of an 
underlying pathology in special cases of cardiac 
arrest.

19.	When geographically feasible, patients with OHCA  
should be transported to a cardiac arrest center.

20.	Patients resuscitated at a local hospital should be 
evaluated for transfer to a facility capable of the 
providing the full spectrum of postcardiac arrest 
care.
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found 1,282 patients who experienced OHCA between 1983 and 
2008 and received ECLS.177 Among the 516 patients with available 
data, 27% survived to hospital discharge. Approximately 50% of 
the cases resulted in mild or no neurological disabilities. Another 
propensity-adjusted analysis of ECLS in patients with witnessed 
OHCA of cardiac origin found a 3-fold improvement in the 
90-day neurologically intact survival rate (29% vs. 8%).178 A 
randomized comparison of ECLS and traditional resuscitation is 
being planned by investigators in Prague, Czech Republic.179

The success of any ECLS program hinges on patient selection 
and collaboration among prehospital, emergency department, and 
critical care personnel. ECLS is a resource-intensive endeavor in 
which successful outcomes are extremely time dependent.
Goal-Directed Intraarrest Resuscitation

Preclinical research and small human studies have explored 
the possibility of hemodynamic-directed CPR as a model 
for individually tailored resuscitation.126,180‒184 In contrast to 
the “one-size-fits-all” prescription for advanced cardiac life 
support, hemodynamic-directed CPR attempts to account for 
an individual patient’s response to resuscitative efforts. This 
approach requires invasive hemodynamic monitoring and 
will be best tested in patients who experience an in-hospital 
cardiac arrest. In theory, CPR metrics and vasopressors can 
be used to target specific hemodynamic goals such as diastolic 
blood pressure or coronary perfusion pressure. Targeting these 
endpoints might reduce vasopressor use, thereby increasing 
cerebral perfusion pressure and brain tissue oxygenation.

Waveform-Guided Defibrillation
Preclinical data suggest that the VF waveform can be used to 

guide the timing of defibrillation — the success of which can be 
predicted using a quantitative analysis of the waveform. Certain 
waveform characteristics (eg, amplitude, frequency, periodicity) 
are associated with coronary perfusion pressure and myocardial 
ATP concentration.185‒187 Many clinicians are familiar with the 
practice of delaying shock delivery for “fine” VF to provide 
CPR, improve perfusion of the myocardium, and increase 
the “coarseness” of the waveform.50,188,189 Real-time, automated 
waveform analysis currently is not available, and the ability of 
providers to interpret the information has not been studied.

Conclusion
Cardiac arrest is a complex disease. As resuscitation 

professionals, emergency care providers should move beyond the 
rote memorization of protocols and understand the science and 
evidence behind the latest treatment guidelines. In addition, they 
must be diligent in hunting for treatable causes of cardiac arrest 
during the brief window afforded by resuscitative measures. 
Despite technological advances and the maturity of resuscitation 
science, the priorities of resuscitation remain unchanged. 

Careful attention to high-quality minimally interrupted 
compressions affords patients the best chance for surviving 
neurologically intact. Intraarrest advanced airway management 
must not interrupt the delivery of compressions. High-performing 
prehospital EMS systems have implemented interventions 

such as “pit crew” CPR to improve survival and preserve a 
patient’s functional neurological status through the initiation of 
compressions, defibrillation, and goal-directed postarrest care.

PEARL
Extracorporeal life support is an option for a subset 
of patients whose cardiac arrest was witnessed and  
who receive quality CPR, but are refractory to initial 
resuscitative measures. ECLS requires a significant 
investment of time and resources and is feasible only at 
select centers. 
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