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Part 7.2: Management of Cardiac Arrest

Four rhythms produce pulseless cardiac arrest: ventricular
fibrillation (VF), rapid ventricular tachycardia (VT),

pulseless electrical activity (PEA), and asystole. Survival
from these arrest rhythms requires both basic life support
(BLS) and advanced cardiovascular life support (ACLS).

The foundation of ACLS care is good BLS care, beginning
with prompt high-quality bystander CPR and, for VF/pulse-
less VT, attempted defibrillation within minutes of collapse.
For victims of witnessed VF arrest, prompt bystander CPR
and early defibrillation can significantly increase the chance
for survival to hospital discharge. In comparison, typical
ACLS therapies, such as insertion of advanced airways and
pharmacologic support of the circulation, have not been
shown to increase rate of survival to hospital discharge. This
section details the general care of a patient in cardiac arrest
and provides an overview of the ACLS Pulseless Arrest
Algorithm.

Access for Medications: Correct Priorities
During cardiac arrest, basic CPR and early defibrillation are
of primary importance, and drug administration is of second-
ary importance. Few drugs used in the treatment of cardiac
arrest are supported by strong evidence. After beginning CPR
and attempting defibrillation, rescuers can establish intrave-
nous (IV) access, consider drug therapy, and insert an
advanced airway.

Central Versus Peripheral Infusions
Central line access is not needed in most resuscitation
attempts. If IV access has not been established, the provider
should insert a large peripheral venous catheter. Although in
adults peak drug concentrations are lower and circulation
times longer when drugs are administered via peripheral sites
rather than central sites, the establishment of peripheral
access does not require interruption of CPR.1,2 Drugs typi-
cally require 1 to 2 minutes to reach the central circulation
when given via a peripheral vein but require less time when
given via central venous access.

If a resuscitation drug is administered by a peripheral
venous route, administer the drug by bolus injection and
follow with a 20-mL bolus of IV fluid. Elevate the extremity
for 10 to 20 seconds to facilitate drug delivery to the central
circulation.3

Intraosseous (IO) cannulation provides access to a noncol-
lapsible venous plexus, enabling drug delivery similar to that
achieved by central venous access. Two prospective (LOE 3)
trials, in children4 and adults,5 and 6 other studies (LOE 46;
LOE 57–9; LOE 710,11) documented that IO access is safe and

effective for fluid resuscitation, drug delivery, and blood
sampling for laboratory evaluation, and is attainable in all age
groups. Providers may establish IO access if IV access is
unavailable (Class IIa). Commercially available kits can
facilitate IO access in adults.

If spontaneous circulation does not return after defibrilla-
tion and peripheral venous or IO drug administration, the
provider may consider placement of a central line (unless
there are contraindications). Note that central venous cathe-
terization is a relative (not absolute) contraindication for
fibrinolytic therapy in patients with stroke or acute coronary
syndromes.

If IV and IO access cannot be established, some resusci-
tation drugs may be administered by the endotracheal route.
One study in children (LOE 2),12 5 studies in adults (LOE
213–15; LOE 316,17), as well as multiple animal studies (LOE
6),18–20 showed that lidocaine,14,21 epinephrine,22 atropine,23

naloxone, and vasopressin20 are absorbed via the trachea.
Administration of resuscitation drugs into the trachea, how-
ever, results in lower blood concentrations than the same dose
given intravascularly. Furthermore, recent animal studies24–27

suggest that the lower epinephrine concentrations achieved
when the drug is delivered by the endotracheal route may
produce transient �-adrenergic effects. These effects can be
detrimental, causing hypotension, lower coronary artery per-
fusion pressure and flow, and reduced potential for return of
spontaneous circulation (ROSC). Thus, although endotra-
cheal administration of some resuscitation drugs is possible,
IV or IO drug administration is preferred because it will
provide more predictable drug delivery and pharmacologic
effect.

In one nonrandomized cohort study of out-of-hospital
cardiac arrest in adults (LOE 4)28 using a randomized control,
administration of atropine and epinephrine by the IV route
was associated with a higher rate of ROSC and survival to
hospital admission than administration of the drugs by the
endotracheal route. Five percent of those who received IV
drugs survived to hospital discharge, but no patient survived
in the group receiving drugs by the endotracheal route.

The optimal endotracheal dose of most drugs is unknown,
but typically the dose given by the endotracheal route is 2 to
21⁄2 times the recommended IV dose. In 2 CPR studies the
equipotent epinephrine dose given endotracheally was ap-
proximately 3 to 10 times higher than the IV dose (LOE 529;
LOE 630). Providers should dilute the recommended dose in
5 to 10 mL of water or normal saline and inject the drug
directly into the endotracheal tube.22 Studies with epineph-
rine31 and lidocaine17 showed that dilution with water instead
of 0.9% saline may achieve better drug absorption.

Arrest Rhythms
The management of pulseless arrest is highlighted in the
ACLS Pulseless Arrest Algorithm (Figure). Box numbers in
the text refer to the numbered boxes in the algorithm.

(Circulation. 2005;112:IV-58-IV-66.)
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Ventricular Fibrillation/Pulseless
Ventricular Tachycardia
The most critical interventions during the first minutes of VF
or pulseless VT are immediate bystander CPR (Box 1) with
minimal interruption in chest compressions and defibrillation
as soon as it can be accomplished (Class I). In cases of
witnessed arrest with a defibrillator on-site, after delivery of
2 rescue breaths the healthcare provider should check for a
pulse. If the provider definitely does not feel a pulse within 10

seconds, the provider should turn on the defibrillator, place
adhesive pads or paddles, and check the rhythm (Box 2).

If the healthcare provider does not witness the arrest in the
out-of-hospital setting (eg, the emergency medical services
[EMS] provider arrives at the scene of an arrest), the provider
may give 5 cycles of CPR before attempting defibrillation. In
adults with a prolonged arrest, shock delivery may be more
successful after a period of effective chest compressions.32–34

For further information about the sequence of CPR first

ACLS Pulseless Arrest Algorithm.
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versus shock first, see Part 5: “Electrical Therapies: Auto-
mated External Defibrillators, Defibrillation, Cardioversion,
and Pacing.”

If VF/pulseless VT is present (Box 3), providers should
deliver 1 shock (Box 4) and then resume CPR immediately,
beginning with chest compressions. If a biphasic defibrillator
is available, providers should use the dose at which that
defibrillator has been shown to be effective for terminating
VF (typically a selected energy of 120 J to 200 J). If the
provider is unaware of the effective dose range of the device,
the rescuer may use a dose of 200 J for the first shock and an
equal or higher shock dose for the second and subsequent
shocks. If a monophasic defibrillator is used, providers
should deliver an initial shock of 360 J and use that dose for
subsequent shocks. If VF is initially terminated by a shock
but then recurs later in the arrest, deliver subsequent shocks at
the previously successful energy level.

Biphasic defibrillators use a variety of waveforms, and
each waveform has been shown to be effective in terminating
VF over a specific dose range. Manufacturers should display
this effective waveform dose range on the face of the biphasic
device, and providers should use that dose range to attempt
defibrillation with that device. The 200-J “default” energy
level was selected because it falls within the reported range of
selected doses that are effective for first and subsequent
biphasic shocks and can be provided by every biphasic
manual defibrillator available in 2005. This is a consensus
default dose and not a recommended ideal dose. If biphasic
devices are clearly labeled and providers are familiar with the
devices they use in clinical care, there will be no need for the
default 200-J dose. Ongoing research is necessary to firmly
establish the most appropriate initial settings for both
monophasic and biphasic defibrillators.

Providers should give 1 shock rather than the 3 successive
(“stacked”) shocks recommended in previous versions of the
ECC guidelines35 for the treatment of VF/pulseless VT
because the first-shock success rate for biphasic defibrillators
is high36 and it is important to minimize interruptions in chest
compressions. Although the 1-shock strategy has not been
directly studied against a 3-shock strategy, the evidence is
compelling that interruption of chest compressions reduces
coronary perfusion pressure. The time required to charge a
defibrillator, deliver a shock, and check a pulse can interrupt
compressions for 37 seconds or longer37 (for further informa-
tion see Part 5: “Electrical Therapies: Automated External
Defibrillators, Defibrillation, Cardioversion, and Pacing”).

When a rhythm check reveals VF/VT, rescuers should
provide CPR while the defibrillator charges (when possible),
until it is time to “clear” the victim for shock delivery. Give
the shock as quickly as possible. Immediately after shock
delivery, resume CPR (beginning with chest compressions)
without delay and continue for 5 cycles (or about 2 minutes
if an advanced airway is in place), and then check the rhythm
(Box 5). In in-hospital units with continuous monitoring (eg,
electrocardiography, hemodynamics), this sequence may be
modified at the physician’s discretion (see Part 5).

The management strategy depicted in the ACLS Pulseless
Arrest Algorithm is designed to minimize the number of
times that chest compressions are interrupted and to enable

rescuers to deliver shocks as efficiently as possible. Pulse and
rhythm checks are limited and are not recommended imme-
diately after shock delivery; instead healthcare providers give
5 cycles (about 2 minutes of CPR) immediately after the
shock and then check the rhythm. Ideally, compression
should be interrupted only for ventilation (until an advanced
airway is placed), rhythm check, or shock delivery.

Once an advanced airway (eg, endotracheal tube,
esophageal-tracheal combitube [Combitube], laryngeal mask
airway [LMA]) is placed, 2 rescuers no longer deliver cycles
of compressions interrupted with pauses for ventilation.
Instead, the compressing rescuer should deliver 100 compres-
sions per minute continuously, without pauses for ventilation.
The rescuer delivering the ventilations should give 8 to 10
breaths per minute and should be careful to avoid delivering
an excessive number of ventilations. Two or more rescuers
should rotate the compressor role approximately every 2
minutes (when the victim’s rhythm is checked). This change
should prevent compressor fatigue and deterioration in qual-
ity and rate of chest compressions.

Establishing IV access is important (see below), but it
should not interfere with CPR and delivery of shocks. As
always, the provider should recall the H’s and T’s to identify
a factor that may have caused the arrest or may be compli-
cating the resuscitative effort (see the green box, “During
CPR,” at the bottom of the algorithm).

There is inadequate evidence to identify an optimal number
of CPR cycles and defibrillation shocks that should be given
before pharmacologic therapy is initiated. The recommended
sequence depicted in the algorithm is based on expert
consensus. If VF/VT persists after delivery of 1 or 2 shocks
plus CPR, give a vasopressor (epinephrine every 3 to 5
minutes during cardiac arrest; one dose of vasopressin may
replace either the first or second dose of epinephrine—see
Box 6). Do not interrupt CPR to give medications.

The drug should be administered during CPR and as soon
as possible after the rhythm is checked. It can be administered
before or after shock delivery, in a CPR–RHYTHM
CHECK–CPR (while drug administered and defibrillator
charged)–SHOCK sequence (repeated as needed). This se-
quence differs from the one recommended in 200035: it is
designed to minimize interruptions in chest compressions.
The 2000 recommendations resulted in too many interrup-
tions in chest compressions.

In these 2005 recommendations, during treatment of car-
diac arrest the drug doses should be prepared before the
rhythm check so they can be administered as soon as possible
after the rhythm check, but the timing of drug delivery is less
important than the need to minimize interruptions in chest
compressions. Rhythm checks should be very brief (see
below). If a drug is administered immediately after the
rhythm check (before or after the shock) it will be circulated
by the CPR given before and after the shock. After 5 cycles
(or about 2 minutes) of CPR, analyze the rhythm again (Box
7) and be prepared to deliver another shock immediately if
indicated.

When VF/pulseless VT persists after 2 to 3 shocks plus
CPR and administration of a vasopressor, consider adminis-
tering an antiarrhythmic such as amiodarone (Box 8). If
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amiodarone is unavailable, lidocaine may be considered.
Consider magnesium for torsades de pointes associated with
a long QT interval (see below). You should administer the
drug during CPR, as soon as possible after rhythm analysis. If
a nonshockable rhythm is present and the rhythm is organized
(complexes appear regular or narrow), try to palpate a pulse
(see Box 12).

Rhythm checks should be brief, and pulse checks should
generally be performed only if an organized rhythm is
observed. If there is any doubt about the presence of a pulse,
resume CPR. If the patient has ROSC, begin postresuscitation
care. If the patient’s rhythm changes to asystole or PEA, see
“Asystole and Pulseless Electrical Activity” below (Boxes 9 and
10).

If a perfusing rhythm is transiently restored but not
successfully maintained between repeated shocks (recurrent
VF/VT), the patient may be a candidate for early treatment
with antiarrhythmic medications (see Part 7.3: “Management
of Symptomatic Bradycardia and Tachycardia”).

During treatment of VF/pulseless VT, healthcare providers
must practice efficient coordination between CPR and shock
delivery. When VF is present for more than a few minutes,
the myocardium is depleted of oxygen and metabolic sub-
strates. A brief period of chest compressions can deliver
oxygen and energy substrates, increasing the likelihood that a
perfusing rhythm will return after shock delivery.38 Analyses
of VF waveform characteristics predictive of shock success
have documented that the shorter the time between chest
compression and shock delivery, the more likely the shock
will be successful.38,39 Reduction in the interval from com-
pression to shock delivery by even a few seconds can increase
the probability of shock success.40

Asystole and Pulseless Electrical Activity (Box 9)
PEA encompasses a heterogeneous group of pulseless
rhythms that includes pseudo-electromechanical dissociation
(pseudo-EMD), idioventricular rhythms, ventricular escape
rhythms, postdefibrillation idioventricular rhythms, and bra-
dyasystolic rhythms. Research with cardiac ultrasonography
and indwelling pressure catheters has confirmed that pulse-
less patients with electrical activity have associated mechan-
ical contractions, but these contractions are too weak to
produce a blood pressure detectable by palpation or nonin-
vasive blood pressure monitoring. PEA is often caused by
reversible conditions and can be treated if those conditions
are identified and corrected.

The survival rate from cardiac arrest with asystole is
dismal. During a resuscitation attempt, brief periods of an
organized complex may appear on the monitor screen, but
spontaneous circulation rarely emerges. As with PEA, the
hope for resuscitation is to identify and treat a reversible
cause.

Because of the similarity in causes and management of
these two arrest rhythms, their treatment has been combined
in the second part of the ACLS Pulseless Arrest Algorithm.

Patients who have either asystole or PEA will not benefit
from defibrillation attempts. The focus of resuscitation is to
perform high-quality CPR with minimal interruptions and to
identify reversible causes or complicating factors. Providers

should insert an advanced airway (eg, endotracheal tube,
Combitube, LMA). Once the airway is in place, 2 rescuers
should no longer deliver cycles of CPR (ie, compressions
interrupted by pauses when breaths are delivered). Instead the
compressing rescuer should give continuous chest compres-
sions at a rate of 100 per minute without pauses for ventila-
tion. The rescuer delivering ventilation provides 8 to 10
breaths per minute. The 2 rescuers should change compressor
and ventilator roles approximately every 2 minutes (when the
rhythm is checked) to prevent compressor fatigue and dete-
rioration in quality and rate of chest compressions. When
multiple rescuers are present, they should rotate the compres-
sor role about every 2 minutes. Rescuers should minimize
interruptions in chest compressions while inserting the airway
and should not interrupt CPR while establishing IV or IO
access.

If the rhythm check confirms asystole or PEA, resume CPR
immediately. A vasopressor (epinephrine or vasopressin) may
be administered at this time. Epinephrine can be administered
approximately every 3 to 5 minutes during cardiac arrest; one
dose of vasopressin may be substituted for either the first or
second epinephrine dose (Box 10). For a patient in asystole or
slow PEA, consider atropine (see below). Do not interrupt
CPR to deliver any medication. Give the drug as soon as
possible after the rhythm check.

After drug delivery and approximately 5 cycles (or about 2
minutes) of CPR, recheck the rhythm (Box 11). If a shockable
rhythm is present, deliver a shock (go to Box 4). If no rhythm
is present or if there is no change in the appearance of the
electrocardiogram, immediately resume CPR (Box 10). If an
organized rhythm is present (Box 12), try to palpate a pulse.
If no pulse is present (or if there is any doubt about the
presence of a pulse), continue CPR (Box 10). If a pulse is
present the provider should identify the rhythm and treat
appropriately (see Part 7.3: “Management of Symptomatic
Bradycardia and Tachycardia”). If the patient appears to have
an organized rhythm with a good pulse, begin postresuscita-
tive care.

When Should Resuscitative Efforts Stop?
The resuscitation team must make a conscientious and com-
petent effort to give patients a trial of CPR and ACLS,
provided that the patient has not expressed a decision to
forego resuscitative efforts. The final decision to stop efforts
can never be as simple as an isolated time interval. Clinical
judgment and respect for human dignity must enter into
decision making. There is little data to guide this decision.

Emergency medical response systems should not require
field personnel to transport every victim of cardiac arrest to a
hospital or emergency department (ED). Transportation with
continuing CPR is justified if interventions are available in
the ED that cannot be performed in the field, such as
cardiopulmonary bypass or extracorporeal circulation for
victims of severe hypothermia (Class IIb).

Unless special situations are present (eg, hypothermia), for
nontraumatic and blunt traumatic out-of-hospital cardiac
arrest, evidence confirms that ACLS care in the ED offers no
advantage over ACLS care in the field. Stated succinctly, if
ACLS care in the field cannot resuscitate the victim, ED care
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will not resuscitate the victim. Civil rules, administrative
concerns, medical insurance requirements, and even reim-
bursement enhancement have frequently led to requirements
to transport all cardiac arrest victims to a hospital or ED. If
these requirements are nonselective, they are inappropriate,
futile, and ethically unacceptable. Cessation of efforts in the
out-of-hospital setting, following system-specific criteria and
under direct medical control, should be standard practice in
all EMS systems.

Medications for Arrest Rhythms
Vasopressors
To date no placebo-controlled trials have shown that admin-
istration of any vasopressor agent at any stage during man-
agement of pulseless VT, VF, PEA, or asystole increases the
rate of neurologically intact survival to hospital discharge.
There is evidence, however, that the use of vasopressor
agents favors initial ROSC.

Epinephrine and Vasopressin

VF and Pulseless VT

Epinephrine
Epinephrine hydrochloride produces beneficial effects in
patients during cardiac arrest, primarily because of its
�-adrenergic receptor-stimulating (ie, vasoconstrictor) prop-
erties.41 The �-adrenergic effects of epinephrine can increase
coronary and cerebral perfusion pressure during CPR.42 The
value and safety of the �-adrenergic effects of epinephrine are
controversial because they may increase myocardial work
and reduce subendocardial perfusion.43

Although epinephrine has been used universally in resus-
citation, there is a paucity of evidence to show that it
improves survival in humans. Both beneficial and toxic
physiologic effects of epinephrine administration during CPR
have been shown in animal and human studies.44–50 Initial or
escalating high-dose epinephrine has occasionally improved
initial ROSC and early survival rates. But in 8 randomized
clinical studies involving �9000 cardiac arrest patients,
high-dose epinephrine produced no improvement in survival
to hospital discharge rates or neurologic outcomes when
compared with standard doses, even in subgroups given
initial high-dose epinephrine.50–57

It is appropriate to administer a 1-mg dose of epinephrine
IV/IO every 3 to 5 minutes during adult cardiac arrest (Class
IIb). Higher doses may be indicated to treat specific prob-
lems, such as �-blocker or calcium channel blocker overdose.
If IV/IO access is delayed or cannot be established, epineph-
rine may be given by the endotracheal route at a dose of 2 to
2.5 mg.

Vasopressin
Vasopressin is a nonadrenergic peripheral vasoconstrictor
that also causes coronary and renal vasoconstriction.58,59

Despite 1 promising randomized study (LOE 2),60 additional
lower-level studies (LOE 5),61– 63 and multiple well-
performed animal studies, 2 large randomized controlled
human trials (LOE 1)64,65 failed to show an increase in rates
of ROSC or survival when vasopressin (40 U, with the dose

repeated in 1 study) was compared with epinephrine (1 mg,
repeated) as the initial vasopressor for treatment of cardiac
arrest. In the large multicenter trial involving 1186 out-of-
hospital cardiac arrests with all rhythms (LOE 1),65 a post-hoc
analysis of the subset of patients with asystole showed
significant improvement in survival to hospital discharge but
not neurologically intact survival when 40 U (repeated once
if necessary) of vasopressin was used as the initial vasopres-
sor compared with epinephrine (1 mg, repeated if necessary).

A meta-analysis of 5 randomized trials (LOE 1)66 showed
no statistically significant differences between vasopressin
and epinephrine for ROSC, 24-hour survival, or survival to
hospital discharge. The subgroup analysis based on initial
cardiac rhythm did not show any statistically significant
difference in survival to hospital discharge (LOE 1).66

In a large in-hospital study of cardiac arrest, 200 patients
were randomly assigned to receive either 1 mg of epinephrine
(initial rhythm: 16% VF, 3% VT, 54% PEA, 27% asystole) or
40 U of vasopressin (initial rhythm: 20% VF, 3% VT, 41%
PEA, 34% asystole). There was no difference in survival to 1
hour (epinephrine: 35%, vasopressin: 39%) or to hospital
discharge (epinephrine: 14%, vasopressin: 12%) between
groups or subgroups.64

A retrospective analysis documented the effects of epi-
nephrine alone (231 patients) compared with a combination
of vasopressin and epinephrine (37 patients) in out-of-
hospital cardiac arrest with VF/VT, PEA, or asystole. There
was no difference in survival or ROSC when VF or PEA was
the presenting rhythm, but ROSC was increased in the
epinephrine plus vasopressin group among patients pre-
senting with asystole.67

Because vasopressin effects have not been shown to differ
from those of epinephrine in cardiac arrest, one dose of
vasopressin 40 U IV/IO may replace either the first or second
dose of epinephrine in the treatment of pulseless arrest (Class
Indeterminate).

Asystole and Pulseless Electrical Activity

Vasopressors
The studies described above enrolled patients with PEA and
asystole and failed to show that either vasopressin or epi-
nephrine is superior for treatment of PEA regardless of the
order of administration. In the case of asystole, a single
post-hoc analysis of a larger study found a survival benefit of
vasopressin over epinephrine but did not find an increase in
intact neurologic survival.

On the basis of these findings, providers may consider
vasopressin for treatment of asystole, but there is insufficient
evidence to recommend for or against its use in PEA. Further
studies are required. Epinephrine may be administered every
3 to 5 minutes during the attempted resuscitation; vasopressin
may be substituted for the first or second epinephrine dose.

Atropine
Atropine sulfate reverses cholinergic-mediated decreases in
heart rate, systemic vascular resistance, and blood pressure.
No prospective controlled studies support the use of atropine
in asystole or slow PEA arrest. Administration of atropine for
asystole is supported by a retrospective review (LOE 4)68 of
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intubated patients with refractory asystole who showed im-
proved survival to hospital admission with atropine. A case
series (LOE 5)69 of adults in cardiac arrest documented
conversion from asystole to sinus rhythm in 7 of 8 patients.

Literature to refute the use of atropine is equally sparse and
of limited quality. A small prospective controlled nonran-
domized study (LOE 3)70 of patients with out-of-hospital
cardiac arrest found no difference versus control when
atropine 1 to 2 mg was given as the initial resuscitation
medication, but subtherapeutic dosing and delay to epineph-
rine administration may have had an impact on survival in the
study. In an animal model of PEA (LOE 6),71 no difference
was noted in resuscitation outcome between standard-dose
atropine and placebo groups.

Asystole can be precipitated or exacerbated by excessive
vagal tone, and administration of a vagolytic medication is
consistent with a physiologic approach. Atropine is inexpen-
sive, easy to administer, and has few side effects and
therefore can be considered for asystole or PEA. The recom-
mended dose of atropine for cardiac arrest is 1 mg IV, which
can be repeated every 3 to 5 minutes (maximum total of 3
doses or 3 mg) if asystole persists (Class Indeterminate).

Antiarrhythmics
There is no evidence that any antiarrhythmic drug given
routinely during human cardiac arrest increases survival to
hospital discharge. Amiodarone, however, has been shown to
increase short-term survival to hospital admission when
compared with placebo or lidocaine.

VF and Pulseless VT

Amiodarone
IV amiodarone affects sodium, potassium, and calcium chan-
nels as well as �- and �-adrenergic blocking properties. It can
be considered for the treatment of VF or pulseless VT
unresponsive to shock delivery, CPR, and a vasopressor.

In blinded randomized controlled clinical trials in adults
with refractory VF/pulseless VT in the out-of-hospital setting
(LOE 1),72,73 paramedic administration of amiodarone (300
mg72 or 5 mg/kg73) improved survival to hospital admission
rates when compared with administration of placebo72 or 1.5
mg/kg of lidocaine.73 Additional studies (LOE 7)74–78 docu-
mented consistent improvement in defibrillation response
when amiodarone was given to humans or animals with VF or
hemodynamically unstable VT.

Amiodarone produced vasodilation and hypotension in 1 of
the out-of-hospital studies.72 A canine study (LOE 6)79 noted
that administration of a vasoconstrictor before amiodarone
prevented hypotension. A new aqueous formulation of ami-
odarone does not contain the vasoactive solvents (polysorbate
80 and benzyl alcohol) of the standard formulation. In an
analysis of the combined data of 4 prospective clinical trials
of patients with VT (some included hemodynamically unsta-
ble patients), aqueous amiodarone produced no more hypo-
tension than lidocaine.77

In summary, amiodarone may be administered for VF or
pulseless VT unresponsive to CPR, shock, and a vasopressor
(Class IIb). An initial dose of 300 mg IV/IO can be followed
by one dose of 150 mg IV/IO.

Lidocaine
The use of lidocaine for ventricular arrhythmias was sup-
ported by initial studies in animals (LOE 6)80,81 and extrap-
olation from the historic use of the drug to suppress prema-
ture ventricular contractions and prevent VF after acute
myocardial infarction.82 Although lidocaine improved short-
term survival in 1 prehospital study (LOE 4),83 3 randomized
trials comparing amiodarone and lidocaine found lower rates
of ROSC73,84 and a higher incidence of asystole85 with use of
lidocaine. The out-of-hospital double-blind randomized con-
trolled trial (LOE 1)73 that compared amiodarone with lido-
caine found that amiodarone improved rate of survival to
hospital admission and that lidocaine was associated with
more asystole after defibrillation.

In summary, lidocaine is an alternative antiarrhythmic of
long standing and widespread familiarity with fewer imme-
diate side effects than may be encountered with other antiar-
rhythmics. Lidocaine, however, has no proven short-term or
long-term efficacy in cardiac arrest. Lidocaine should be
considered an alternative treatment to amiodarone (Class
Indeterminate). The initial dose is 1 to 1.5 mg/kg IV. If
VF/pulseless VT persists, additional doses of 0.5 to 0.75
mg/kg IV push may be administered at 5- to 10-minute
intervals, to a maximum dose of 3 mg/kg. This is the same
dose that was recommended in the ECC Guidelines 2000.

Magnesium
Two observational studies (LOE 5)86,87 showed that IV
magnesium can effectively terminate torsades de pointes
(irregular/polymorphic VT associated with prolonged QT
interval). One small adult case series in adults (LOE 5)88

showed that isoproterenol or ventricular pacing can be effec-
tive in terminating torsades de pointes associated with bra-
dycardia and drug-induced QT prolongation. Magnesium is
not likely to be effective in terminating irregular/polymorphic
VT in patients with a normal QT interval.87

When VF/pulseless VT cardiac arrest is associated with
torsades de pointes, providers may administer magnesium
sulfate at a dose of 1 to 2 g diluted in 10 mL D5W IV/IO push,
typically over 5 to 20 minutes (Class IIa for torsades). When
torsades is present in the patient with pulses, the same 1 to 2 g
is mixed in 50 to 100 mL of D5W and given as a loading dose.
It can be given more slowly (eg, over 5 to 60 minutes IV)
under these conditions. See Part 7.3: “Management of Symp-
tomatic Bradycardia and Tachycardia” for additional infor-
mation about management of torsades de pointes not associ-
ated with cardiac arrest.

Potentially Beneficial Therapies
Fibrinolysis
Adults have been successfully resuscitated following admin-
istration of fibrinolytics (tPA) after initial failure of standard
CPR techniques, particularly when the condition leading to
the arrest was acute pulmonary embolism or other presumed
cardiac cause (LOE 389; LOE 490–92; LOE 593–97). Evidence
from 1 large clinical trial (LOE 2),98 however, failed to show
any significant treatment effect when a fibrinolytic (tPA) was
given to out-of-hospital patients with undifferentiated PEA
cardiac arrest unresponsive to initial interventions.
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There is insufficient evidence to recommend for or against
the routine use of fibrinolysis for cardiac arrest. It may be
considered on a case-by-case basis when pulmonary embolus
is suspected (Class IIa). Ongoing CPR is not a contraindica-
tion to fibrinolysis.

Interventions Not Supported by
Outcome Evidence

Pacing in Arrest
Several randomized controlled trials (LOE 2)99–101 failed to
show benefit from attempted pacing for asystole. At this time
use of pacing for patients with asystolic cardiac arrest is not
recommended.

Procainamide in VF and Pulseless VT
Use of procainamide in cardiac arrest is supported by 1
retrospective comparison study of 20 patients.102 Administra-
tion of procainamide in cardiac arrest is limited by the need
for slow infusion and by uncertain efficacy in emergent
circumstances.

Norepinephrine
Norepinephrine has been studied in only a limited fashion for
treatment of cardiac arrest. Human data is limited, but it
suggests that norepinephrine produces effects equivalent to
epinephrine in the initial resuscitation of cardiac arrest.53,103

In the only prospective human trial comparing standard-dose
epinephrine, high-dose epinephrine, and high-dose norepi-
nephrine, the norepinephrine was associated with no benefit
and a trend toward worse neurologic outcome (LOE 1).53

Precordial Thump for VF or Pulseless VT
There are no prospective studies that evaluated the use of
precordial (chest) thump. In 3 case series (LOE 5),104–106 VF
or pulseless VT was converted to a perfusing rhythm by a
precordial thump. In contrast, other case series documented
deterioration in cardiac rhythm, such as rate acceleration of
VT, conversion of VT to VF, or development of complete
heart block or asystole following the use of the thump (LOE
5105,107–111; LOE 6112).

The precordial thump is not recommended for BLS pro-
viders. In light of the limited evidence in support of its
efficacy and reports of potential harm, no recommendation
can be made for or against its use by ACLS providers (Class
Indeterminate).

Electrolyte Therapies in Arrest Rhythms

Magnesium
In-hospital and out-of-hospital studies in adult cardiac arrest
(LOE 2113–116; LOE 3117; LOE 7118) and animal studies (LOE
6)119–122 showed no increase in the rate of ROSC when
magnesium was routinely given during CPR. Administration
of magnesium can be considered for treatment of torsades de
pointes (Class IIa—see above), but it is not effective for
treatment of cardiac arrest from other causes.

Routine Administration of IV Fluids During
Cardiac Arrest
There were no published human studies evaluating the effect
of routine fluid administration during normovolemic cardiac

arrest, and the results of 4 animal studies (LOE 6)123–126 were
neutral. There is insufficient evidence to recommend routine
administration of fluids to treat cardiac arrest (Class Indeter-
minate). Fluids should be infused if hypovolemia is
suspected.

Summary
Ideally ACLS providers will prevent pulseless arrest if they
are able to intervene in the prearrest period. If arrest occurs,
good ACLS begins with high-quality BLS. During resuscita-
tion rescuers must provide good chest compressions (ade-
quate rate and depth), allow complete recoil of the chest
between compressions, and minimize interruptions in chest
compressions. Rescuers should be careful to avoid provision
of excessive ventilation, particularly once an advanced air-
way is in place. Resuscitation drugs have not been shown to
increase rate of survival to hospital discharge, and none has
the impact of early and effective CPR and prompt
defibrillation.
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