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Advanced Cardiac  
Life Support Updates 

Introduction 
Heart disease is the leading cause of death worldwide. Death can be reduced 

when practitioners provide evidence-based care, especially during acute resus-
citations. The American Heart Association (AHA) Advanced Cardiac Life 
Support (ACLS) guidelines are recognized as the authoritative reference for 
acute cardiopulmonary resuscitation. Emergency medicine providers should be 
thoroughly familiar with the AHA ACLS guidelines. 

ACLS guidelines were established first in 1974 and have been periodically 
updated since.1 In 2015, the AHA introduced a web-based format for the latest 
guideline update, which allows them to be updated continuously.2 This article 
will discuss the newest AHA evidence-based guidelines and recommendations. 
The major updates include an emphasis on the quality of cardiopulmonary 
resuscitation (CPR), a change in layperson CPR, changes in cardiac arrest 
medication, and renewed emphasis on post-cardiac arrest management.

Quality of Cardiopulmonary Resuscitation 

Chest Compressions 

Uninterrupted chest compressions and defibrillation remain the most impor-
tant components for resuscitation of cardiac arrest. For that reason, the AHA 
has reorganized the importance of sequential tasks for cardiac arrest from 
“ABC” to “CAB.” Coronary perfusion pressure (CPP) is dependent on continu-
ous chest compressions at an adequate rate and depth. CPP is one of the most 
important factors to achieving a return of spontaneous circulation (ROSC). 
Chest compressions are the first priority for both adult and pediatric patients, 
and interruptions in compressions must be minimized before and after defibril-
lation, or if halted to perform other interventions. 

Inadequate compression rate and depth are the most common opportunities 
for improvement in resuscitation.2 The 2010 guidelines stated that a rate of > 100 
was appropriate. However, the 2015 guidelines have instituted an upper limit of 
120 compressions per minute, making the new guideline compression rate 100 to 
120 compressions per minute.3 An upper limit was instituted after a large study 
demonstrated that compression rate above 120/minute was associated with an 
increased likelihood of inadequate compression depth, thus decreasing coronary 
blood flow and cardiac output.4 The minimum adult chest compression depth is 
2 inches (5 cm), established by the 2010 guidelines. The 2015 guidelines, simi-
larly, have added a maximum depth of 2.4 inches (6 cm) because data suggested 
potential for significant injury from excessive chest compression depth.3,5 
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EXECUTIVE SUMMARY
 z The lay public should be taught chest compression-only  

cardiopulmonary resuscitation.

 z Advanced airway placement should wait until after  
several rounds of chest compression and defibrillation (if  
indicated).

 z Standard-dose epinephrine is preferred; there is no role for 
high-dose epinephrine or vasopressin.

 z Consider double sequential defibrillation in refractory  
ventricular fibrillation.

 z A post-return of spontaneous circulation checklist is a useful 
reminder to address the multiple concerns in post-cardiac 
arrest patients.

Compression Devices 
Given the increased popularity of 

automatic compression devices, the 
2015 ACLS guidelines also address 
their use. Automatic compression 
devices have been shown to have no 
greater success rate than manual CPR; 
but conversely, there are also no wors-
ened outcomes when compression 
devices are used by trained personnel. 
In some cases, using these devices can 
increase safety and allow providers to 
focus on other elements of resuscitation, 
but manual chest compressions remain 
the preferred delivery method. Some 
newer studies are showing that both rate 
and compression depth are improved 
during manual chest compressions with 
feedback devices, and this may be the 
best option for CPR.6,7,8 

Airway/Breathing 

Chest compressions should not be 
interrupted during the early phase of 
resuscitation to place an advanced air-
way. Placement of a definitive airway 
is a frequent cause of paused compres-
sions, with data showing that 25% of 
all interruptions in chest compressions 
were due to placement of an advanced 
airway.9 The 2015 guidelines state that it 
is reasonable to delay positive-pressure 
ventilation if compressions are being 
performed and passive oxygenation is 
applied. AHA guidelines from 2010 
recommend supraglottic airway devices 
as an appropriate alternative to endo-
tracheal intubation during the initial 
phase of resuscitation, and this recom-
mendation remains in the most recent 
update.10 

If an advanced airway is indicated 
(patient is difficult to bag mask ven-
tilate or more than three rounds of 
CPR have been completed with pas-
sive oxygenation), cricoid pressure is 
not recommended during intubation. 

For confirmation of endotracheal tube 
placement, continuous waveform cap-
nography remains the gold standard. 
This is a class I recommendation. (See 
Table 1.) The newest guidelines also 
mention ultrasound as an additional 
method to confirm endotracheal tube 
placement.11 After placement of an 
advanced airway, chest compressions 
should be performed continuously with 
one breath being delivered every six sec-
onds while chest compressions are being 
performed. This simplifies the algorithm 
and, again, decreases pauses in chest 
compressions.3  

ECPR or ECMO 

Extracorporeal CPR (ECPR) and 
extracorporeal membrane oxygenation 
(ECMO) to resuscitate the arrested 
heart has attracted increasing interest. 
The recent guidelines state that ECMO 
can be an appropriate option in select 
cases of refractory cardiac arrest with 
potentially reversible causes, such as 
a large pulmonary embolism (PE) or 
myocardial infarction. There have been 
two recent large studies, one in the 
United States and one in Australia, that 
have shown ECMO to be effective in 
select cases.12,13

Medications During 
Cardiac Arrest

Vasopressors in Cardiac Arrest

Epinephrine. Epinephrine is a 
naturally occurring sympathomimetic 
hormone released from the adrenal 
medulla. It acts on both alpha- and 
beta-adrenergic receptors to cause both 
beneficial and harmful effects during a 
cardiac arrest. Stimulating alpha recep-
tors on vascular smooth muscle causes 
vasoconstriction, which can increase 
both coronary and cerebral perfusion 
pressure. Some of the harmful effects 

come from actions on beta-adrenergic 
receptors, which can cause increased 
myocardial work and oxygen demand. 

Studies of epinephrine in human car-
diac arrest have shown mixed results. In 
general, epinephrine increases the rate 
of ROSC, but does not increase the rate 
of hospital discharge or favorable neu-
rologic outcome, in both out-of-hospital 
and in-hospital cardiac arrests.14,15 
Despite its limitations, epinephrine 
remains the vasopressor of choice for 
resuscitation of cardiac arrest, given 
the lack of a more beneficial alternative 
medication.

Epinephrine Dose. There have been 
multiple studies and clinical trials evalu-
ating the short-term and long-term 
outcomes of standard dose epinephrine 
(1 mg intravenous [IV]/intraosseous 
[IO] every 3-5 minutes). These studies 
have shown no clear long-term, neu-
rologically favorable survival benefit. 
Currently, the recommendation (class 
IIb) is that standard-dose epinephrine 
“may be reasonable” for a patient in car-
diac arrest.11

Some studies have looked at high-
dose epinephrine (0.1 to 0.2 mg/kg), 
which theoretically may increase coro-
nary perfusion and increase ROSC and 
long-term survival.11,16 It is thought 
that the acidosis during cardiac arrest 
may diminish the response to adren-
ergic agents, and high doses may be 
needed. However, there is concern that 
the increased dose may have detrimen-
tal outcomes in the post-arrest period, 
including demand ischemia from tachy-
cardia, hypertension, and myocardial 
dysfunction.14 Studies investigating 
high-dose epinephrine have shown 
short-term survival benefit, but have 
failed to show any improvement in sur-
vival to hospital admission, survival to 
hospital discharge, or survival with good 
neurologic recovery.17 Based on these 
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findings, high-dose epinephrine is not 
recommended for routine use in cardiac 
arrest.11

Epinephrine Timing. Several large 
observational studies have looked at the 
timing of epinephrine administration in 
out-of-hospital cardiac arrest (OHCA), 
in-hospital cardiac arrest (IHCA), in both 
shockable rhythms and non-shockable 
rhythms. In non-shockable rhythms, 
the studies evaluating both OHCA and 
IHCA found that administering epineph-
rine as soon as possible after the onset of 
cardiac arrest resulted in improvement in 
all measured outcomes (ROSC, survival 
to discharge, and improved neurologi-
cally favorable outcomes).18 In shockable 
rhythms, with clear benefit from defibril-
lation, the question is when epinephrine 
should be administered in relation to defi-
brillation. Epinephrine timing in shock-
able rhythms has not been well studied, 
and the available studies have had mixed 
results. 

The studies reviewed as part of the 
2015 guideline update show varied 
benefit with early administration of 
epinephrine, but worsened outcomes 
with late administration. Based on this, 
the AHA states that there is currently 
insufficient evidence to make a recom-
mendation on the optimal timing of 
epinephrine administration in relation 
to defibrillation.11 

Studies published after the 2015 
guidelines were written noted as much 
as a 4% decrease in the likelihood of 
ROSC with each minute that passes 
with 911 activation and administration 
of vasopressors.19,20 Further studies are 
needed to evaluate the time-dependency 
of vasopressor administration on ROSC, 
especially in shockable rhythms, but it 
is reasonable to attempt defibrillation 

as soon as possible, followed by early 
administration of epinephrine. If the 
ability to defibrillate is delayed, resusci-
tation should proceed with administra-
tion of epinephrine. More recent studies 
have compared less frequent average 
epinephrine dosing (every 6 to < 7 min/
dose rather than standard 4 to < 5 min/
dose) and showed improved survival to 
hospital discharge.21,22

Vasopressin. Vasopressin is a non-
adrenergic neuroleptic hormone that 
acts via V1 receptors on smooth muscle 
cells, causing constriction of the periph-
eral, coronary, and renal vasculature. In 
comparison to epinephrine, vasopressin 
has a gradual onset and longer half-
life.14 Vasopressin had been included in 
previous guidelines as an alternative to 
the first or second dose of epinephrine. 

Studies have demonstrated no benefit 
to the use of vasopressin over epineph-
rine for ROSC or survival to hospital 
discharge, regardless of neurological 
outcome.11,23 Additional studies evalu-
ated the combination of epinephrine 
and vasopressin and also showed no 
benefit to survival to hospital discharge 
or ROSC compared to epinephrine 
alone.24 Given that vasopressin has been 
shown to offer no advantage when used 
in substitution or in addition to epi-
nephrine, it has been removed from the 
Adult Cardiac Arrest Algorithm.11 

Steroids

Cortisol levels have been found to be 
low both during and after CPR. The 
response to cardiac arrest and ROSC 
is an increase in cytokines, endotoxin 
release, coagulopathy, and adrenal insuf-
ficiency, which all contribute to post-
resuscitation shock.25,26 It is theorized 
that corticosteroids during and after 

CPR may result in better post-ROSC 
hemodynamics.

Two studies from Greece have 
looked at a vasopressin-steroids-
epinephrine (VSE) combination dur-
ing cardiac arrest, followed by a steroid 
supplementation afterward. The doses 
used in these studies were 20 IU of 
vasopressin plus the standard 1 mg 
dose of epinephrine per cycle of CPR 
for five cycles, followed by epinephrine 
alone. In addition, a one-time dose of 
methylprednisolone (40 mg) during the 
first cycle was added. Four hours after 
ROSC, in patients who continued to 
have shock, a stress-dose of hydrocorti-
sone (300 mg daily for seven days max 
with taper) was given. To reduce the 
effects of steroids on infarct healing, a 
shorter course of three days or less was 
used in patients with evidence of acute 
myocardial infarction.26,27 

These VSE studies showed improved 
outcomes, including survival to hospital 
discharge with good neurological out-
come, when compared to epinephrine 
alone and placebo.27 Of note, these stud-
ies only examined IHCA. Investigation 
of OHCA, with steroids as a sole treat-
ment, rather than the VSE bundle, 
reveals mixed results and currently is of 
uncertain benefit.27,28 

Based on this data, the current rec-
ommendations state that there are not 
sufficient data to recommend for or 
against steroids alone (class IIb recom-
mendation). A VSE bundle followed by 
post-arrest hydrocortisone may be con-
sidered, but further studies are needed 
before recommendations can be made 
for routine use.11

Antiarrhythmic Drugs During  
and After Cardiac Arrest

Currently, there are no recommenda-
tions or indications for antiarrhythmic 
drugs in asystole or pulseless electri-
cal activity (PEA). Although there are 
indications for antiarrhythmic medica-
tions in other arrhythmias, discussion 
here will be limited to the use of these 
medications in cardiac arrest (ventricu-
lar fibrillation and pulseless ventricular 
tachycardia). 

Refractory ventricular fibrillation 
(VF) or pulseless ventricular tachycardia 
(pVT) has been defined variably, but 
will be defined here as VF or pVT that 

Table 1. Strength of Evidence

Class Strength Recommendation

I Strong: benefit much greater than 
risk

Recommended
Indicated

IIa Moderate: benefit greater than risk Is reasonable
Can be useful

IIb Weak: benefit greater than or equal 
to risk

May be reasonable
Might be considered

III No benefit: benefit about equal 
to risk

Not recommended
Not indicated
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either recurs or persists after one or 
more defibrillation attempts, as this is 
the threshold for administering antiar-
rhythmic medication during a cardiac 
arrest. The goal is not to pharmacologi-
cally convert the rhythm, but rather to 
assist in the electrical termination of 
VF/pVT and to restore an organized, 
perfusing rhythm. 

None of the antiarrhythmic medica-
tions have yet to show an improvement 
in long-term survival or survival with 
good neurological outcome, although 
some studies show increased rates of 
ROSC and survival to hospital admis-
sion.29,30,31 Due to these findings, the 
current guidelines emphasize that dur-
ing CPR, attempts to obtain vascular 
access and to administer medications 
should not interfere with high-quality 
CPR or timely defibrillation, both of 
which have been proven to improve 
survival.

Amiodarone. Amiodarone acts on 
potassium, calcium, and sodium chan-
nels and also possesses some alpha- and 
beta-blocking properties.14 IV amioda-
rone is available in two formulations in 
the United States. The traditional for-
mulation of amiodarone contains poly-
sorbate 80, which is a vasoactive solvent 
and can cause unwanted hypotension. 
A new formulation has been introduced 
that contains Captisol and has no vas-
cular effects.11,14,32 

Based on current studies, the AHA 
continues to recommend amiodarone 
(300 mg IV/IO initially, followed by 
supplemental 150 mg IV/IO if needed) 
in a patient with VF/pVT and not 
resuscitated by CPR, defibrillation, and 
epinephrine (class IIb).11 In the studies 
of amiodarone, patients were consid-
ered refractory after at least three failed 
defibrillation attempts. These studies 
only were able to demonstrate improved 
ROSC and survival to hospital admis-
sion with amiodarone administra-
tion.30,31,33 Thus far, studies have failed to 
show any increased long-term survival 
or improved neurologic outcomes in the 
VF/pVT population.30

Lidocaine. Lidocaine acts as a dys-
rhythmic agent by blocking voltage-
gated sodium channels to increase the 
depolarization threshold.34 Recent 
reviews have shown that both amioda-
rone and lidocaine are the only agents 

studied to date that are associated with 
improved survival to hospitalization 
after OHCA.29 In a randomized clini-
cal trial, lidocaine was shown to be less 
effective than amiodarone in survival 
to hospital admission, but no difference 
between the two medications was iden-
tified in survival to hospital discharge.33 
The 2015 guidelines state that lidocaine 
may be considered as an alternative to 
amiodarone in refractory VF/pVT as a 
bolus of 1-1.5 mg/kg IV/IO (class IIb 
recommendation).11,29

Magnesium. Magnesium acts as 
a vasodilator and also helps regulate 
sodium, potassium, and calcium trans-
port across cell membranes.35 The use 
of IV magnesium has been proven to 
be effective at terminating polymorphic 
VT.14 Most cases of polymorphic VT 
are self-terminating, but in the unusual 
case of sustained polymorphic VT, 
defibrillation is indicated, followed by 
consideration of IV magnesium sulfate 
(bolus of 1 to 2 g IV). The routine use 
of magnesium for VF/pVT is not cur-
rently recommended.11

New Medical Therapies
Despite advances in resuscitation 

science, mortality and survival with 
neurologically favorable outcomes from 
OHCA have remained stable over the 
past 30 years. New research is begin-
ning to target alternative pathways to 
improve survival from cardiac arrest. 
These studies are evaluating treatments 
to reduce injury caused by ischemia and 
reperfusion. Novel therapies include use 
of beta-blockers, vasodilator therapy, 
mitochondrial protective therapies, and 
therapies aimed at decreasing calcium 
overload.36 Further studies are needed in 
these areas, but these therapies poten-
tially could lead to improved cardiac 
arrest outcomes. 

New Recommendations 
for Lay Rescuers 

The newest guidelines put an empha-
sis on instruction for lay rescuers. 
Perhaps the most significant change 
is that rescue breaths are no longer 
recommended for the lay rescuer. The 
AHA recommends continuous chest 
compressions or hands-only CPR. This 
change is based on two findings. First, 
the lay public often did not perform 

CPR because they were fearful of con-
tracting a disease with mouth-to-mouth 
resuscitation. Second, mouth-to-mouth 
breath provides less than 21% FIO2 
delivered to the patient, as a fraction of 
the atmospheric oxygen is consumed 
by the rescuer during inhalation to sub-
sequently deliver the mouth-to-mouth 
breath. Studies have shown that passive 
ventilation with room air with chest 
compressions provides approximately 
21% FIO2, thus this method provides 
superior oxygenation when compared to 
mouth-to-mouth ventilation.2 

The AHA also recommends that 
bystanders be trained in administering 
naloxone to those with suspected opioid 
overdose.37 This is especially important 
in areas with high opioid overdose rates 
and even more specifically to those 
involved in any type of addiction reha-
bilitation care. 

In an unusual step, the AHA made a 
recommendation on a specific means of 
contacting emergency services provid-
ers. The AHA recommends that citizens 
be able to contact EMS through social 
media to promote greater access to 
rapid emergency medical care. A survey 
conducted by the American Red Cross 
in 2012 showed that 44% of people 
would contact EMS through social 
media if they could not call 911. Social 
media applications such as Facebook 
and Twitter now have enabled the abil-
ity to contact 911 through their app or 
online.2

Special Circumstances 
The AHA resuscitation guidelines 

from 2010 addressed 15 special cir-
cumstances of cardiac arrest, and a few 
of these were updated in 2015. These 
special circumstances are cardiac arrest 
in pregnancy, cardiac arrest due to PE, 
cardiac arrest associated with opioid 
overdose, cardiac arrest due to poison-
ing, and cardiac arrest during percutane-
ous coronary intervention (PCI).38

Cardiac Arrest Associated  
With Pregnancy 

There are very few high-quality 
studies that address cardiac arrest dur-
ing pregnancy; therefore, the guide-
lines provided by the AHA are based 
on physiologic principles and a few 
small observational studies. One focus 
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of acute resuscitation in pregnancy 
is patient positioning. Research has 
shown that gravid patients greater 
than 20 weeks can have a decrease 
in cardiac output of up to 30% due 
to aortocaval compression from the 
gravid uterus, thus patient position-
ing is extremely important.39,40,41 The 
left lateral decubitus position is pre-
ferred for patients who do not require 
compressions. 

However, studies have shown that 
compressions are more likely to be 
inadequate when the patient is in this 
position; therefore, when compressions 
are being performed, manual left lateral 
displacement of the uterus, rather than 
left lateral decubitus positioning, is the 
optimal method.42,43 Perimortem cesar-
ean delivery should be performed by an 
appropriately trained provider within 
four minutes of the onset of cardiac 
arrest if ROSC is not achieved.38 

Cardiac Arrest Associated  
With Pulmonary Embolism 

In patients with a confirmed PE 
leading to cardiac arrest, thrombolysis, 
surgical embolectomy, and mechanical 
embolectomy are reasonable emergency 
treatment options (class IIa recom-
mendation). There are not enough data 
to recommend one method over the 
other. In patients with suspected pul-
monary embolism, thrombolysis may be 
considered (class IIb recommendation). 
Surgical embolectomy and mechanical 
embolectomy have insufficient evidence 
in cases of suspected PE.38 

Cardiac or Respiratory Arrest  
Due to Opioid Overdose 

It is recommended to give intranasal 
(IN), intramuscular (IM), or IV nalox-
one to cardiac arrest patients suspected 
of having an opioid overdose. EMS 

providers should not delay transport of 
the patient while waiting for a response 
to naloxone (class I recommendation). 
Any patient who receives naloxone 
should be transported to a facility with 
advanced healthcare services (class I 
recommendation).38 

Cardiac Arrest Due to Local 
Anesthetic Poisoning 

A systematic review of human case 
reports showed that the majority of 
patients in cardiac arrest due to local 
anesthetic toxicity who received IV 
lipid emulsion had significant improve-
ment.44 This was specifically true for 
bupivacaine toxicity where intravenous 
lipid emulsion increased the rate of 
ROSC, increased BP during hypo-
tension, resolved dysrhythmias, and 
improved mental status. The most com-
mon dose consisted of 20% emulsion 
of long-chain triglycerides given in an 
initial bolus of 1.5 mL/kg lean body 
mass over one minute, followed by an 
infusion of 0.25 mL/kg per minute for 
30-60 minutes. Because of such find-
ings, the AHA has made giving IV 
lipid emulsion in patients with local 
anesthetic systemic toxicity a class IIb 
recommendation.38,45

Cardiac Arrest During 
Percutaneous Coronary 
Intervention 

The 2015 AHA guidelines for cardiac 
arrest during PCI state that ECPR may 
be a viable option in patients suffering 
a cardiac arrest during PCI because the 
arrest was due to a potentially reversible 
cause (class IIb recommendation). The 
AHA recommends implementation and 
adherence to institutional guidelines for 
the appropriate selection of patients for 
mechanical support devices to ensure 
that these devices are used as a bridge to 

recovery, surgery or transplant, or other 
treatment (class I recommendation).38 

Possible Future Updates 

Pulseless Electrical Activity 

For years, the AHA guidelines have 
emphasized, and continue to emphasize, 
the “Hs and Ts” when it comes to PEA 
management (see Table 2); however, 
recent studies are showing improved 
outcomes from a more simplified 
approach.46,47,48,49 In these studies, other 
possible algorithms for wide vs. narrow 
QRS PEA are evaluated. (See Figure 1.) 

Initially, management is the same: 
CPR and vasopressors, specifically epi-
nephrine. However, depending on the 
width of the QRS complex, manage-
ment changes. For wide complex PEA, 
these studies suggest giving calcium 
chloride initially, and consider sodium 
bicarbonate. This will help if PEA is 
due to hyperkalemia or sodium channel 
blockers. For narrow complex PEA, ini-
tial action is fluid resuscitation and then 
consider PE, hypovolemia, tamponade, 
or tension pneumothorax. Interventions 
for both wide and narrow complex 
PEA should be followed by bedside 
echocardiography. 

If there is no cardiac activity after 
these initial steps, these protocols rec-
ommend terminating CPR. If a large 
right ventricle and a small left ventricle 
are found, consider TPA for PE, needle 
decompression for pneumothorax, or 
disconnect the ventilator for possible 
hyperinflation. A small right ven-
tricle with a small left ventricle could 
indicate hypovolemia or distributive 
shock; fluids, transfusions (if bleeding), 
and vasopressors should be initiated. 
With a pericardial effusion, tamponade 
physiology should be considered, and 
pericardiocentesis should be performed. 
Finally, if a hypocontractile left ventricle 
is seen on echocardiogram, vasopressors 
and inotropic agents should be contin-
ued with consideration for mechanical 
support.46,47,48,49

Double Sequential Defibrillation 

Double sequential defibrillation 
(DSD) has been studied since 1986. 
The first study was conducted on dogs 
and showed promising outcomes.50 
In this study, the authors showed that 

Table 2. The Hs and Ts: Common Causes of Cardiac Arrest

6 Hs 6 Ts

• Hyper-/Hypokalemia
• Hypoxia
• Hypovolemia
• Hypothermia
• Hydrogen ion (acidosis)
• Hypoglycemia

• Toxins
• Tamponade (cardiac)
• Thrombosis (coronary)
• Thromboemoblism
• Tension pneumothorax
• Trauma
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providing two defibrillations delivered 
one after the other using different pad 
placements to generate nonidentical 
current pathways through the heart 
was able to terminate experimental 
ventricular fibrillation in these animals 
with both reduced peak voltage and 
total energy. See Figure 2 for suggested 
double sequential defibrillation pad 
placement (see the online issue for this 
image in color). 

The first human study was conducted 
in 1994. In this study, five patients 
with refractory ventricular fibrillation 
received seven to 20 shocks at 200-360 
joules before receiving DSD. In each 
of these refractory cases, the patient 
was defibrillated on the first attempt 
of DSD. The investigators used the 
anterior-posterior and apex-sternum 
orientations to deliver the shocks.51 
Recognizing the limitation of this 
observational study, it showed that 
DSD does have potential in patients 
with refractory ventricular fibrillation. 

In 2015, an EMS service published a 
study with 10 patients with refractory 
ventricular fibrillation after at least five 
failed attempts at single defibrillation 
with epinephrine and an antiarrhythmic 

medication having been delivered. DSD 
was successful in defibrillating seven 
patients, and three of those obtained 
ROSC; however, none of those patients 
survived.52 

Although these studies have been 
limited, they do suggest the ability to 
terminate refractory ventricular fibrilla-
tion using DSD, which may be included 
in future recommendations as further 
studies are conducted and evidence is 
strengthened.

Post-Cardiac Arrest Care
Cardiac arrest management does not 

end with ROSC. Just as important for 
patient outcome is the implementation 
of post-cardiac arrest care to address 
both the cause of the arrest and the 
resulting physiologic abnormalities. 
Post-cardiac arrest syndrome (PCAS) 
consists of an ischemic/reperfusion 
response with brain injury and myo-
cardial dysfunction.53 The majority of 
post-arrest patients are comatose and 
unable to provide a history. Good use 
of available resources, including EMS, 
family members, and the medical 
chart, is important. Pertinent factors to 
document are any known prodromal 

symptoms, CPR details (witnessed vs. 
unwitnessed arrest, bystander CPR, 
length of CPR, and initial rhythm), and 
any medications administered.54 Post-
arrest management will be discussed by 
system below. See Table 3 for a systems-
based management checklist.

Cardiovascular Care

Coronary Angiography. As soon 
as possible after ROSC is obtained, 
a 12-lead electrocardiogram (ECG) 
should be performed to look for any 
evidence of ST-segment elevation. This 
will help determine whether coronary 
angiography should be performed 
immediately.55 (See Figure 3.)

Unchanged from previous recom-
mendations, patients with ST-elevation 
myocardial infarction (STEMI) should 
undergo emergent coronary angiography 
and PCI.55 Thus far, only observational 
studies have been published concerning 
post-resuscitation PCI, but these stud-
ies show improved survival to hospital 
discharge and improved neurological 
outcomes associated with emergent coro-
nary angiography in post-arrest STEMI 
patients. These interventions are recom-
mended regardless of the patient’s men-
tal status or cooling status. The decision 

Figure 2. Double Sequential 
Defibrillation Pad  
Placement

Image used with permission from: Journal of 
Emergency Medical Services (JEMS)

Figure 1. Pulseless Electrical Activity Management

Hs and Ts
-Hyperkalemia

Give calcium chloride
-Consider sodium 
bicarbonate

Wide QRS

Pulseless Electrical 
Activity CPR/Vasopressors

Narrow QRS

Echocardiography

Hs and Ts
-Tamponade
-PE
-Hypovolemia
-Tension pneumothorax
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for cardiovascular intervention should be 
made without immediate determination 
of neurologic prognosis, as neurologic 
recovery cannot be predicted reliably in 
the initial post-arrest period.54,55

In patients with no STEMI on ECG, 
a culprit vessel is found in 33% of 
patients, with about 70% of these ves-
sels being occluded.56 Thus, emergent 
catheterization is reasonable in patients 
suspected of having a cardiovascular 
cause of arrest, even in the absence of 
STEMI.55 The American College of 
Cardiology’s Interventional Council 
developed an algorithm to risk stratify 
OHCA patients with ROSC who 
remain comatose should undergo PCI, 
although it has not been prospectively 
validated yet. 

In patients with no STEMI on 
post-arrest ECG, the AHA guidelines 
recommend assessing for unfavor-
able resuscitation features, including 
unwitnessed arrest, initial rhythm 

non-VF, no bystander CPR, > 30 
minutes to ROSC, ongoing CPR, pH < 
7.2, lactate > 7, age > 85 years, end-stage 
renal disease, or non-cardiac causes (e.g., 
traumatic arrest). Patients with mul-
tiple unfavorable resuscitation features 
are less likely to benefit from cardiac 
catheterization, but consultation with 
interventional cardiology still is strongly 
recommended.56 

In a cohort study from France, car-
diac catheterization was performed on 
all ROSC patients without an obvi-
ous non-cardiac cause of OHCA at 
admission (regardless of ST-segment 
elevation), with subsequent PCI when 
appropriate. This study found a nearly 
two-fold increase in the rate of favorable 
neurologic outcome (cerebral perfor-
mance category 1 to 2 at discharge).57,58 
More studies are needed, but emergent 
angiography is reasonable after OHCA 
of suspected cardiac origin but without 
ST-segment elevation on ECG.55  

Hemodynamic Goals. Post-arrest 
patients often have hemodynamic insta-
bility. This often is multifactorial with 
contributions from the underlying cause 
of the arrest, along with subsequent 
ischemia-reperfusion injury, caus-
ing myocardial stunning and systemic 
inflammatory response. There is a lack 
of adequate data to establish optimal 
hemodynamic goals or interventional 
strategies to achieve them.55 

It is thought that patients are rela-
tively hypovolemic post-arrest due to 
venous pooling and capillary dysfunc-
tion, so initial fluid boluses of 1-2 liters 
should be considered, followed by addi-
tional fluids based on typical resuscita-
tion measures.59 Following optimization 
of preload, vasopressors may be required. 

Multiple observational studies have 
found that hypotension in the post-
arrest period has been associated with 
higher mortality and worsening func-
tional recovery. These same studies have 
shown that greater mean arterial pres-
sure (MAP) is associated with better 
neurological recovery and survival.55,59,60 
A specific MAP or systolic blood pres-
sure (SBP) goal was not identified con-
sistently in the studies, but published 
protocols target MAPs of > 65-80 
mmHg.55,59 

Based on these findings, the guide-
lines state that hypotension, defined 
as MAP < 65 mmHg or SBP < 90 
mmHg, should be avoided and imme-
diately corrected when present.61 It is 
recognized that optimal blood pressure 
will vary by patient due to baseline 
blood pressure and the underlying 
etiology of the patient’s cardiac arrest. 
Recommendations for maintaining 
blood pressure include first optimizing 
preload (fluids), followed by inotropes 
and vasopressors if hemodynamic goals 
are not met. 

Arrhythmias. Antiarrhythmic medi-
cations should be used as needed.55 If 
patients continue to experience electri-
cal instability, coronary angiography 
should be considered.60 Evaluation and 
correction of electrolyte abnormalities 
(calcium, potassium, magnesium, and 
phosphate) to the upper ends of normal 
also should be considered. If the patient 
is being cooled, consider rewarming to 
36° C if the patient is unstable. 

Table 3. Post-resuscitation Checklist

Post-arrest Issues Management
• Ischemia-reperfusion brain injury
• Epileptiform activity
• Possible intracranial process

 Targeted temperature management, fever 
prevention, cerebral perfusion pressure protection 
(blood pressure, pCO2, hypoxia)
 EEG monitoring, treat if identified
 CT head

• Hypoxia/hypercarbia
• Airway management
• Pulmonary cause of arrest

 Goal: eucapnia and normoxia: 100% O2 with 
titration, arterial blood gases, vent settings
 Definitive airway with confirmation
 Evaluation for pulmonary embolism

• Acute coronary syndrome
• Hypotension
• Arrhythmia

 Stat ECG, consult interventional cardiology, 
percutanous coronary intervention if indicated
 IV fluid bolus, vasopressors, bedside echo, 
consider steroids or PCI if persists
 Replace electrolytes, anti-arrhythmic agents, 
rewarm to 36° C, consider percutaneous coronary 
intervention

• Hyperglycemia
• Adrenal insufficiency

 Maintain normoglycemia, insulin infusion if 
needed
 Hydrocortisone (possible vasopressin bundle) if 
refractory hypotension

• Electrolyte abnormalities
• Ischemia-reperfusion acute 
kidney injury

 Monitor and correct abnormalities
 Monitor, typically improves with fluid and 
hypotension correction, hourly urine output

• Bacteremia, pneumonia, possible 
pre-arrest infections

 Blood cultures
 Initiate empiric broad-spectrum antibiotics if 
concern for infection

• Anemia
• Uncontrolled bleeding

 Transfuse as needed
 Hold anticoagulation, consider rewarming to 
36° C
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Neurological Care

A baseline neurologic exam should 
be performed on all patients achieving 
ROSC. Not only does this help deter-
mine the need for targeted temperature 
management (TTM), but it also helps 
determine possible causes of the arrest 
while providing a baseline for evaluating 
the future clinical course. It is impor-
tant to remember that the exam must 
be performed not under the influence 
of paralytics or sedation, and the exam 
should be delayed if those medications 
were used prior to ROSC.  

Temperature Control

Previously, it was recommended that 
post-arrest patients be treated with a ther-
apeutic hypothermia protocol. Recently, 
data suggest that patients maintained in 
strict normothermia have no worsened 
outcome when compared to those treated 
with hypothermia. As a result, the AHA 
has adopted the term TTM to reflect 

close temperature maintenance within the 
normothermic to hypothermic range.

Several studies have evaluated the 
outcomes associated with TTM in 
OHCA with VF/pVT, OHCA with 
non-shockable rhythms, and after 
IHCA. There have been mixed results 
on TTM in non-shockable rhythms, 
although recent studies have shown 
more favorable outcomes.59 Current 
AHA recommendations are that coma-
tose (lack of meaningful or purposeful 
response to verbal commands) patients 
with ROSC have TTM regardless of 
the initial rhythms.55 No ideal tempera-
ture or timing has been well studied 
to date.53,55,59,62 Reflecting the recent 
data that suggest more normothermic 
temperatures may be as beneficial as 
hypothermia, temperatures between 32° 
C and 36° C are recommended. It is 
also recommended that the temperature 
be maintained for at least 24 hours after 
the target is achieved. 

When initiating TTM in the ED, 
it is important to include adequate 
sedation and management of shiver-
ing through both pharmacologic and 
nonpharmacologic methods. Typical 
sedatives used in ventilated patients 
are appropriate. Nonsteroidal anti-
inflammatory drugs, acetaminophen, 
buspirone, or meperidine also can be 
used to control shivering. Skin counter-
warming with warming blankets also 
can be effective. A last resort may 
include neuromuscular blockade if shiv-
ering is preventing target temperature 
from being obtained.53,55,63

Several trials have investigated pre-
hospital hypothermia and found no 
direct benefit and some potential harm. 
Current recommendations are against 
routine prehospital cooling of patients 
after ROSC.55

Hyperthermia is associated with 
worsened neurologic outcomes in coma-
tose patients for other conditions, but 
has not been well studied in post-arrest 
patients. Extrapolating these data to 
post-arrest patients, it is reasonable to 
actively prevent fever/hyperthermia 
in comatose patients. This is based on 
expert opinion and the thought that 
fever/hyperthermia prevention is rela-
tively benign.53,55

Seizure Management

Another important consideration in 
the comatose post-arrest patient is sei-
zure identification and management. The 
prevalence of convulsions, nonconvulsive 
status epilepticus, and other seizure 
activity in comatose patients after arrest 
is estimated to be between 12-22%.55,64 
Some studies indicate that seizures most 
commonly occur in the first eight hours 
after ROSC, but they may be difficult 
to identify, as seizures often are masked 
by neuromuscular blockade as well.53 
Although prophylactic administration of 
anticonvulsants is not recommended, it 
is recommended that an electroencepha-
logram (EEG) be obtained promptly in 
comatose patients after ROSC. Typical 
anticonvulsant treatments for status epi-
lepticus should be used.55 

Respiratory Care

Ventilator settings in the post-arrest 
patient should be individualized, and 
patient response should be monitored 

Figure 3. Post-ROSC ECG Algorithm
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using end-tidal CO2, pulse oximetry, or 
arterial blood gases. In terms of ventila-
tion, hypocapnia has been associated 
with worse outcomes, including neu-
rological outcomes in some studies.53,65 
This is likely due to cerebral vasocon-
striction associated with hypocapnia. 
Normocapnia is a reasonable goal 
(end-tidal CO2 30-40 mmHg or PaCO2 
35-45 mmHg), but as stated, adjust-
ments must be made for individual 
patients. Permissive hypercapnia may be 
considered for lung protective ventilator 
settings.53,55

Similarly, management of oxygen-
ation in the post-arrest period is impor-
tant to optimize patient outcomes. 
Both hyperoxemia and hypoxemia are 
detrimental in this period. Hyperoxemia 
after ROSC contributes to free radical 
production, which can further dam-
age already injured tissue. Hypoxemia 
is defined as arterial oxygen saturation 
of < 94%, and hypoxia as PaO2 < 60 
mmHg.66 The causes of hypoxemia vary 
but can be related to lung contusions 
or pneumothorax from chest compres-
sions, atelectasis, ventilator-associated 
lung injury, or from the original cause of 
the arrest (PE, acute respiratory distress 
syndrome [ARDS], etc.).53,55 Studies 
on hyperoxia have shown mixed results 
compared to definitive studies show-
ing poor outcomes with low oxygen 
saturation. 

Based on this, it is recommended to 
use the highest available oxygen con-
centration until a reliable assessment of 
oxygenation can be performed. When 
oxygen saturation is found to be 100%, 
it is best to titrate the FiO2 down while 
maintaining an oxygen saturation of 
94% or greater.53,55,66 

Endocrine Care

The two major areas to improve endo-
crine function in post-arrest patients are 
glycemic control and possible pituitary-
adrenal insufficiency. The use of steroids 
was discussed in the medication section. 
Glycemic control in critically ill patients 
is highly controversial, although studies 
have shown moderate control is superior 
to tight control.67 Early hyperglycemia 
after cardiac arrest has been associated 
with unfavorable neurologic outcomes 
in several studies.53 There is no evidence 
that a specific blood glucose range has 

improved outcomes in the post-arrest 
population, but avoiding extremes on 
either side is reasonable.53,55

Renal Care

Resuscitated patients typically 
develop severe metabolic and electro-
lyte abnormalities. This is related to 
both the period of resuscitation and 
the ischemia-reperfusion injury in the 
post-arrest period.68 All serum electro-
lytes should be monitored closely, but it 
seems that potassium and magnesium 
have the biggest potential for impact.54 
More studies are needed to determine 
whether attempting to correct pH with 
bicarbonate or ventilator management is 
helpful. Secondary renal injuries also are 
common. These typically are transient, 
but care must be taken to avoid neph-
rotoxic drugs if acute kidney injury is 
present.54,68 

Infectious Disease Care

Infection and sepsis may play a role 
in both pre- and post-arrest periods. 
Studies have found that pneumonia 
is present in close to half of OHCA 
patients undergoing TTM.69,70 In addi-
tion, bacteremia was seen in 38% of 
patients presenting with OHCA in one 
study.71 Although the AHA has not 
made any recommendations on the use 
of empiric broad-spectrum antibiotics in 
the post-arrest period, it may be an area 
of interest in the future. Consideration 
should be given to obtaining blood cul-
tures on post-arrest patients. Aggressive 
respiratory care to prevent pneumonia 
also should be initiated in the ED and 
continued in the critical care setting, 
including elevation of the head of the 
bed and standard pulmonary toilet.72

Hematologic Care

Blood counts and coagulation stud-
ies should be checked in all post-arrest 
patients. Anemia may have contrib-
uted to arrest and should be corrected 
with blood products as needed, along 
with attempts to determine the source 
of blood loss.54 Patients with active 
bleeding that is non-compressible in 
nature should not undergo therapeutic 
hypothermia, as hypothermia causes 
coagulopathy. This is most prevalent at 
temperatures below 35° C, when clot-
ting and platelet function are impaired.73 

If the patient is already cooled, it may 
be appropriate to raise the temperature 
to 36° C, while maintaining a TTM 
protocol to prevent hyperthermia.54,55

Conclusion
Resuscitation during a cardiac arrest 

and post-resuscitation management are 
complex processes. The recommenda-
tions and algorithms developed by the 
AHA are meant to serve as a guide to 
ensure the best possible patient out-
comes based on the most up-to-date 
evidence. Although there are oppor-
tunities for further research, evidence-
based management of the cardiac arrest 
patient is most likely to improve patient 
survival and neurologically favorable 
outcomes. 
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CME/CE Questions
1. The 2015 AHA ACLS guidelines 

recommend that care in the imme-
diate post-arrest period include 
which of the following?
a. PCI for all post-arrest patients
b. Permissive hypotension
c. Starting targeted tempera-

ture management in comatose 
patients 

d. Initiating broad-spectrum  
antibiotics in all patients

2. A 58-year-old patient in the ED 
undergoing CPR deteriorates from 
ventricular fibrillation into PEA 
despite defibrillation, epinephrine, 

and one dose of amiodarone. Based 
on the current AHA recommenda-
tions, what would be the next step in 
this scenario?
a. Continued compressions with no 

further medications
b. Give vasopressin (40 units IV)
c. Give second dose of amiodarone 

(150 mg IV)
d. Give lidocaine (1-1.5 mg/kg IV)
e. Give epinephrine (1 mg IV) 

3. Which of the following is true in 
the comatose post-arrest patient?
a. The immediate post-arrest neu-

rological exam is predictive of 
long-term outcomes.

b. A patient undergoing targeted 
temperature management is not 
a candidate for catheterization. 

c. An EEG may be necessary to 
detect seizure activity. 

d. Hypothermia should be initiated 
in the prehospital setting, if able. 

e. Controlled bleeding is a contra-
indication to targeted tempera-
ture management. 

4. What is the appropriate rate of 
chest compressions?
a. 100-120/min 
b. 90-120/min
c. 80-110/min
d. 100-150/min
e. 120-140/min
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Advanced Cardiac Life Support Updates

Strength of Evidence

Class Strength Recommendation

I Strong: bene� t much greater than 
risk

Recommended
Indicated

IIa Moderate: bene� t greater than risk Is reasonable
Can be useful

IIb Weak: bene� t greater than or equal 
to risk

May be reasonable
Might be considered

III No bene� t: bene� t about equal 
to risk

Not recommended
Not indicated

The Hs and Ts: Common Causes of Cardiac Arrest

6 Hs 6 Ts

• Hyper-/Hypokalemia
• Hypoxia
• Hypovolemia
• Hypothermia
• Hydrogen ion (acidosis)
• Hypoglycemia

• Toxins
• Tamponade (cardiac)
• Thrombosis (coronary)
• Thromboemoblism
• Tension pneumothorax
• Trauma

Pulseless Electrical Activity Management

Hs and Ts
-Hyperkalemia

Give calcium chloride
-Consider sodium 
bicarbonate

Wide QRS

Pulseless Electrical 
Activity CPR/Vasopressors

Narrow QRS

Echocardiography

Hs and Ts
-Tamponade
-PE
-Hypovolemia
-Tension pneumothorax
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Post-resuscitation Checklist

Post-ROSC ECG Algorithm

Post-arrest Issues Management
• Ischemia-reperfusion brain injury
• Epileptiform activity
• Possible intracranial process

� Targeted temperature management, fever 
prevention, cerebral perfusion pressure protection 
(blood pressure, pCO2, hypoxia)
� EEG monitoring, treat if identi� ed
� CT head

• Hypoxia/hypercarbia
• Airway management
• Pulmonary cause of arrest

� Goal: eucapnia and normoxia: 100% O2 with 
titration, arterial blood gases, vent settings
� De� nitive airway with con� rmation
� Evaluation for pulmonary embolism

• Acute coronary syndrome
• Hypotension
• Arrhythmia

� Stat ECG, consult interventional cardiology, 
percutanous coronary intervention if indicated
� IV � uid bolus, vasopressors, bedside echo, 
consider steroids or PCI if persists
� Replace electrolytes, anti-arrhythmic agents, 
rewarm to 36° C, consider percutaneous coronary 
intervention

• Hyperglycemia
• Adrenal insu�  ciency

� Maintain normoglycemia, insulin infusion if 
needed
� Hydrocortisone (possible vasopressin bundle) if 
refractory hypotension

• Electrolyte abnormalities
• Ischemia-reperfusion acute 
kidney injury

� Monitor and correct abnormalities
� Monitor, typically improves with � uid and 
hypotension correction, hourly urine output

• Bacteremia, pneumonia, possible 
pre-arrest infections

� Blood cultures
� Initiate empiric broad-spectrum antibiotics if 
concern for infection

• Anemia
• Uncontrolled bleeding

� Transfuse as needed
� Hold anticoagulation, consider rewarming to 
36° C

Post-ROSC ECG

STEMI No STEMI

Obvious noncardiac 
cause (traumatic 

arrest, etc.)

Suspect cardiac origin 
of arrest

Cardiac 
catheterization

Cause-speci� c 
treatment

Less bene� t 
from cardiac 

catheterization

Strongly 
consider cardiac 
catheterization

Shared decision-making with 
interventional cardiology and 

critical care

Unfav
ora

ble fe
at

ure
s

Favorable features
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