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Figure 2. ACLS Cardiac Arrest Circular Algorithm.

lation. In other words, vascular access, drug delivery, and
advanced airway placement should not cause significant
interruptions in chest compression or delay defibrillation.
There is insufficient evidence to recommend a specific
timing or sequence (order) of drug administration and
advanced airway placement during cardiac arrest. In most
cases the timing and sequence of these secondary inter-
ventions will depend on the number of providers partici-
pating in the resuscitation and their skill levels. Timing
and sequence will also be affected by whether vascular
access has been established or an advanced airway placed
before cardiac arrest.

Understanding the importance of diagnosing and treating
the underlying cause is fundamental to management of all
cardiac arrest thythms. During management of cardiac arrest
the provider should consider the H’s and T’s to identify and
treat any factor that may have caused the arrest or may be
complicating the resuscitative effort (Table 1).

It is common for the arrest rhythm to evolve during the
course of resuscitation. In such cases management should
shift smoothly to the appropriate rhythm-based strategy. In
particular, providers should be prepared to deliver a timely
shock when a patient who presented with asystole or PEA
is found to be in VF/pulseless VT during a rhythm check.
There is no evidence that the resuscitation strategy for a
new cardiac arrest rhythm should necessarily be altered
based on the characteristics of the previous rhythm. Med-
ications administered during resuscitation should be mon-
itored and total doses tabulated to avoid potential toxicity.

If the patient achieves ROSC, it is important to begin
post—cardiac arrest care immediately to avoid rearrest and
optimize the patient’s chance of long-term survival with
good neurologic function (see Part 9). Finally, the reality is
that the majority of resuscitative efforts do not result in
ROSC. Criteria for ending unsuccessful resuscitative ef-
forts are addressed briefly below (see “When Should
Resuscitative Efforts Stop?”) and in more detail in Part 3:
“Ethics.”

Rhythm-Based Management of Cardiac Arrest

In most cases of witnessed and unwitnessed cardiac arrest the
first provider should start CPR with chest compressions and
the second provider should get or turn on the defibrillator,
place the adhesive pads or paddles, and check the rhythm.
Paddles and electrode pads should be placed on the exposed
chest in an anterior-lateral position. Acceptable alternative

Table 1. Treatable Causes of Cardiac Arrest: The H’s and T’s
H's Ts

Hypoxia Toxins
Hypovolemia Tamponade (cardiac)

Hydrogen ion (acidosis)
Hypo-/hyperkalemia

Tension pneumothorax
Thrombosis, pulmonary

Hypothermia Thrombosis, coronary

For further explanation of the H’'s and T’s, see Part 12: “Special Resusci-
tation Situations.”
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positions are anterior-posterior, anterior-left infrascapular,
and anterior-right infrascapular. Rhythm checks should be
brief, and if an organized rhythm is observed, a pulse check
should be performed. If there is any doubt about the presence
of a pulse, chest compressions should be resumed immedi-
ately. If a cardiac monitor is attached to the patient at the time
of arrest, the rhythm can be diagnosed before CPR is
initiated.

VF/Pulseless VT
When a rhythm check by an automated external defibrillator

(AED) reveals VF/VT, the AED will typically prompt to
charge, “clear” the victim for shock delivery, and then deliver
a shock, all of which should be performed as quickly as
possible. CPR should be resumed immediately after shock
delivery (without a rhythm or pulse check and beginning with
chest compressions) and continue for 2 minutes before the
next rhythm check.

When a rhythm check by a manual defibrillator reveals
VF/VT, the first provider should resume CPR while the
second provider charges the defibrillator. Once the defibril-
lator is charged, CPR is paused to “clear” the patient for
shock delivery. After the patient is “clear,” the second
provider gives a single shock as quickly as possible to
minimize the interruption in chest compressions (“hands-off
interval”). The first provider resumes CPR immediately after
shock delivery (without a rhythm or pulse check and begin-
ning with chest compressions) and continues for 2 minutes.
After 2 minutes of CPR the sequence is repeated, beginning
with a rhythm check.

The provider giving chest compressions should switch at
every 2-minute cycle to minimize fatigue. CPR quality should
be monitored based on mechanical or physiologic parameters
(see “Monitoring During CPR” below).

Defibrillation Strategies

Waveform and Energy
If a biphasic defibrillator is available, providers should use

the manufacturer’s recommended energy dose (120 to 200 J)
for terminating VF (Class I, LOE B). If the provider is
unaware of the effective dose range, the provider may use the
maximal dose (Class IIb, LOE C). Second and subsequent
energy levels should be at least equivalent, and higher energy
levels may be considered if available (Class IIb, LOE B). If
a monophasic defibrillator is used, providers should deliver
an initial shock of 360 J and use that dose for all subsequent
shocks. If VF is terminated by a shock but then recurs later in
the arrest, deliver subsequent shocks at the previously suc-
cessful energy level.

Automatic Versus Manual Modes for
Multimodal Defibrillators
Use of a multimodal defibrillator in manual mode may reduce

the duration of interruption of CPR required for rhythm
analysis compared with automatic mode but could increase
the frequency of inappropriate shock.!3%-140 Current evidence
indicates that the benefit of using a multimodal defibrillator
in manual instead of automatic mode during cardiac arrest is
uncertain (Class 1Ib, LOE C).

CPR Before Defibrillation
During treatment of VF/pulseless VT healthcare providers

must ensure that coordination between CPR and shock
delivery is efficient. When VF is present for more than a
few minutes, the myocardium is depleted of oxygen and
metabolic substrates. A brief period of chest compressions
can deliver oxygen and energy substrates and “unload” the
volume-overloaded right ventricle, increasing the likeli-
hood that a perfusing rhythm will return after shock
delivery.!#!

Performing CPR while a defibrillator is readied for use is
strongly recommended for all patients in cardiac arrest (Class
I, LOE B). Analyses of VF waveform characteristics predic-
tive of shock success have documented that the shorter the
time interval between the last chest compression and shock
delivery, the more likely the shock will be successful.!4! A
reduction of even a few seconds in the interval from pausing
compressions to shock delivery can increase the probability
of shock success.!*?

The value of intentionally delaying defibrillation to perform
CPR is less clear. One randomized controlled trial (RCT)!43 and
one clinical trial'** involving adults with out-of-hospital cardiac
arrest not witnessed by EMS personnel showed that survival was
improved by a period of CPR performed before the first
defibrillation shock when the EMS response interval was >4 to
5 minutes. But 2 RCTs!4%146 demonstrated no improvement in
ROSC or survival to hospital discharge in patients with out-of-
hospital VF or pulseless VT who received CPR from EMS
personnel for 1.5 to 3 minutes before defibrillation, regardless of
EMS response interval. At this time the benefit of delaying
defibrillation to perform CPR before defibrillation is unclear
(Class IIb, LOE B).

VF Waveform Analysis to Predict Defibrillation Success
Retrospective analysis of VF waveforms in multiple clinical

studies suggests that it is possible to predict the success of
defibrillation from the fibrillation waveform with varying
reliability.141.147-166 No prospective human studies have spe-
cifically evaluated whether treatment altered by predicting
success of defibrillation can improve successful defibrilla-
tion, rate of ROSC, or survival from cardiac arrest. The value
of VF waveform analysis to guide management of defibril-
lation in adults with in-hospital and out-of-hospital cardiac
arrest is uncertain (Class IIb, LOE C).

Drug Therapy in VF/Pulseless VT
When VF/pulseless VT persists after at least 1 shock and a

2-minute CPR period, a vasopressor can be given with the
primary goal of increasing myocardial blood flow during
CPR and achieving ROSC (see “Medications for Arrest
Rhythms” below for dosing) (Class IIb, LOE A). The peak
effect of an intravenous (IV)/intraosseous (IO) vasopressor
given as a bolus dose during CPR is delayed for at least 1 to
2 minutes. The optimal timing of vasopressor administration
during the 2-minute period of uninterrupted CPR has not been
established. If a shock fails to generate a perfusing rhythm,
then giving a vasopressor soon after the shock will optimize
the potential impact of increased myocardial blood flow
before the next shock. However, if a shock results in a
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perfusing rhythm, a bolus dose of vasopressor at any time
during the subsequent 2-minute period of CPR (before
rhythm check) could theoretically have detrimental effects on
cardiovascular stability. This may be avoided by using
physiologic monitoring such as quantitative waveform cap-
nography, intra-arterial pressure monitoring, and continuous
central venous oxygen saturation monitoring to detect ROSC
during chest compressions.>'¢7-177 However, adding an ad-
ditional pause for rhythm and pulse check after shock
delivery but before vasopressor therapy will decrease myo-
cardial perfusion during the critical postshock period and
could reduce the chance of achieving ROSC.

Amiodarone is the first-line antiarrhythmic agent given
during cardiac arrest because it has been clinically demon-
strated to improve the rate of ROSC and hospital admission in
adults with refractory VF/pulseless VT. Amiodarone may be
considered when VF/VT is unresponsive to CPR, defibrilla-
tion, and vasopressor therapy (Class IIb, LOE A). If amiod-
arone is unavailable, lidocaine may be considered, but in
clinical studies lidocaine has not been demonstrated to
improve rates of ROSC and hospital admission compared
with amiodarone (Class IIb, LOE B). Magnesium sulfate
should be considered only for torsades de pointes associated
with a long QT interval (Class IIb, LOE B).

Treating Potentially Reversible Causes of

VF/Pulseless VT

The importance of diagnosing and treating the underlying
cause of VF/pulseless VT is fundamental to the management
of all cardiac arrest rhythms. 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 complicating the resuscitative
effort (see Table 1 and Part 12: “Special Resuscitation
Situations”). In the case of refractory VF/pulseless VT, acute
coronary ischemia or myocardial infarction should be con-
sidered as a potential etiology. Reperfusion strategies such as
coronary angiography and PCI during CPR or emergency
cardiopulmonary bypass have been demonstrated to be fea-
sible in a number of case studies and case series but have not
been evaluated for their effectiveness in RCTs.!78-187 Fibrino-
lytic therapy administered during CPR for acute coronary
occlusion has not been shown to improve outcome.!88

ROSC After VF/Pulseless VT
If the patient has ROSC, post—cardiac arrest care should be

started (Part 9). Of particular importance are treatment of
hypoxemia and hypotension, early diagnosis and treatment of
ST-elevation myocardial infarction (STEMI) (Class I, LOE
B) and therapeutic hypothermia in comatose patients (Class I,
LOE B).

PEA/Asystole

When a rhythm check by an AED reveals a nonshockable
rhythm, CPR should be resumed immediately, beginning with
chest compressions, and should continue for 2 minutes before
the rhythm check is repeated. When a rhythm check using a
manual defibrillator or cardiac monitor reveals an organized
rhythm, a pulse check is performed. If a pulse is detected,
post—cardiac arrest care should be initiated immediately (see
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Part 9). If the rhythm is asystole or the pulse is absent (eg,
PEA), CPR should be resumed immediately, beginning with
chest compressions, and should continue for 2 minutes before
the rhythm check is repeated. The provider performing chest
compressions should switch every 2 minutes. CPR quality
should be monitored on the basis of mechanical or physio-
logic parameters (see “Monitoring During CPR” below).

Drug Therapy for PEA/Asystole
A vasopressor can be given as soon as feasible with the

primary goal of increasing myocardial and cerebral blood
flow during CPR and achieving ROSC (see “Vasopressors”
below for dosing) (Class IIb, LOE A). Available evidence
suggests that the routine use of atropine during PEA or
asystole is unlikely to have a therapeutic benefit (Class IIb,
LOE B). For this reason atropine has been removed from the
cardiac arrest algorithm.

Treating Potentially Reversible Causes of PEA/Asystole
PEA is often caused by reversible conditions and can be
treated successfully if those conditions are identified and
corrected. During each 2-minute period of CPR the provider
should recall the H’s and T’s to identify factors that may have
caused the arrest or may be complicating the resuscitative
effort (see Table 1 and Part 12: “Special Resuscitation
Situations”). Given the potential association of PEA with
hypoxemia, placement of an advanced airway is theoretically
more important than during VF/pulseless VT and might be
necessary to achieve adequate oxygenation or ventilation.
PEA caused by severe volume loss or sepsis will potentially
benefit from administration of empirical IV/IO crystalloid. A
patient with PEA caused by severe blood loss will potentially
benefit from a blood transfusion. When pulmonary embolism
is presumed or known to be the cause of cardiac arrest,
empirical fibrinolytic therapy can be considered (Class Ila,
LOE B; see Part 12). Finally, if tension pneumothorax is
clinically suspected as the cause of PEA, initial management
includes needle decompression. If available, echocardiogra-
phy can be used to guide management of PEA because it
provides useful information about intravascular volume status
(assessing ventricular volume), cardiac tamponade, mass
lesions (tumor, clot), left ventricular contractility, and re-
gional wall motion.'®® See Part 12 for management of
toxicological causes of cardiac arrest.

Asystole is commonly the end-stage rhythm that follows
prolonged VF or PEA, and for this reason the prognosis is
generally much worse.

ROSC After PEA/Asystole
If the patient has ROSC, post—cardiac arrest care should be

initiated (see Part 9). Of particular importance is treatment of
hypoxemia and hypotension and early diagnosis and treat-
ment of the underlying cause of cardiac arrest. Therapeutic
hypothermia may be considered when the patient is comatose
(Class IIb, LOE C).

Monitoring During CPR

Mechanical Parameters
CPR quality can be improved by using a number of nonphysi-
ologic techniques that help the provider adhere to recom-
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mended CPR parameters such as rate and depth of compres-
sion and rate of ventilation. The most simple are auditory or
visual metronomes to guide providers in performing the
recommended rate of chest compressions or ventilations.
More sophisticated devices actually monitor chest compres-
sion rate, depth, relaxation, and pauses in real time and
provide visual and auditory feedback. When recorded, this
information can also be useful in providing feedback to the
entire team of providers after the resuscitation has ended.
This type of CPR quality monitoring is discussed in more
detail in Part 5: “Adult Basic Life Support” and Part 16:
“Education, Implementation and Teams.”

Physiologic Parameters
In humans cardiac arrest is the most critically ill condition,

yet it is typically monitored by rhythm assessment using
selected electocardiographic (ECG) leads and pulse checks
as the only physiologic parameters to guide therapy.
Animal and human studies indicate that monitoring of
PETCO,, coronary perfusion pressure (CPP), and central
venous oxygen saturation (Scvo,) provides valuable infor-
mation on both the patient’s condition and response to
therapy. Most importantly, PETco,, CPP, and Scvo, corre-
late with cardiac output and myocardial blood flow during
CPR, and threshold values below which ROSC is rarely
achieved have been reported.'¢8.190-195 Furthermore, an
abrupt increase in any of these parameters is a sensitive
indicator of ROSC that can be monitored without interrupting
chest compressions.”!.93.167-175.177.196-201 A]though no clinical
study has examined whether titrating resuscitative efforts to
these or other physiologic parameters improves outcome, it is
reasonable to consider using these parameters when feasible
to optimize chest compressions and guide vasopressor ther-
apy during cardiac arrest (Class IIb, LOE C).

Pulse

Clinicians frequently try to palpate arterial pulses during chest
compressions to assess the effectiveness of compressions. No
studies have shown the validity or clinical utility of checking
pulses during ongoing CPR. Because there are no valves in the
inferior vena cava, retrograde blood flow into the venous system
may produce femoral vein pulsations.?? Thus, palpation of a
pulse in the femoral triangle may indicate venous rather than
arterial blood flow. Carotid pulsations during CPR do not
indicate the efficacy of myocardial or cerebral perfusion during
CPR. Palpation of a pulse when chest compressions are paused
is a reliable indicator of ROSC but is potentially less sensitive
than other physiologic measures discussed below.

Healthcare providers also may take too long to check for a
pulse?03204 and have difficulty determining if a pulse is
present or absent.293-205 There is no evidence, however, that
checking for breathing, coughing, or movement is superior
for detection of circulation.?°¢ Because delays in chest com-
pressions should be minimized, the healthcare provider
should take no more than 10 seconds to check for a pulse, and
if it is not felt within that time period chest compressions
should be started.205-207

End-Tidal CO,
End-tidal CO, is the concentration of carbon dioxide in

exhaled air at the end of expiration. It is typically ex-

pressed as a partial pressure in mm Hg (PETCO,). Because
CO, is a trace gas in atmospheric air, CO, detected by
capnography in exhaled air is produced in the body and
delivered to the lungs by circulating blood. Under normal
conditions PETCO, is in the range of 35 to 40 mm Hg.
During untreated cardiac arrest CO, continues to be
produced in the body, but there is no CO, delivery to the
lungs. Under these conditions PETCO, will approach zero
with continued ventilation. With initiation of CPR, cardiac
output is the major determinant of CO, delivery to the
lungs. If ventilation is relatively constant, PETCO, corre-
lates well with cardiac output during CPR. The correlation
between PETCO, and cardiac output during CPR can be
transiently altered by giving IV sodium bicarbonate.?08
This is explained by the fact that the bicarbonate is
converted to water and CO,, causing a transient increase in
delivery of CO, to the lungs. Therefore, a transient rise in
PETCO, after sodium bicarbonate therapy is expected and
should not be misinterpreted as an improvement in quality
of CPR or a sign of ROSC. Animal and human studies have
also shown that PETCO, correlates with CPP and cerebral
perfusion pressure during CPR.20°210 The correlation of
PeTCo, with CPP during CPR can be altered by vasopres-
sor therapy, especially at high doses (ie, >1 mg of
epinephrine).?!'-214 Vasopressors cause increased after-
load, which will increase blood pressure and myocardial
blood flow during CPR but will also decrease cardiac
output. Therefore, a small decrease in PETCO, after vaso-
pressor therapy may occur but should not be misinterpreted
as a decrease in CPR quality.

Persistently low PeETCO, values (<10 mm Hg) during
CPR in intubated patients suggest that ROSC is
unlikely.!71.173,174.190,191,215.216_ Similar data using quantita-
tive monitoring of PETCO, are not available for patients with
a supraglottic airway or those receiving bag-mask ventilation
during CPR. One study using colorimetic end-tidal CO,
detection in nonintubated patients during CPR found that low
end-tidal CO, was not a reliable predictor of failure to
achieve ROSC.2!7 An air leak during bag-mask ventilation or
ventilation with a supraglottic airway could result in lower
measured PETCO, values. Although a PErco, value of
<10 mm Hg in intubated patients indicates that cardiac
output is inadequate to achieve ROSC, a specific target
PETCO, Vvalue that optimizes the chance of ROSC has not been
established. Monitoring PETCO, trends during CPR has the
potential to guide individual optimization of compression
depth and rate and to detect fatigue in the provider performing
compressions. 201218219 In addition, an abrupt sustained in-
crease in PETCO, during CPR is an indicator of
ROSC.91.177.196.198-201 Therefore, it is reasonable to consider
using quantitative waveform capnography in intubated pa-
tients to monitor CPR quality, optimize chest compressions,
and detect ROSC during chest compressions or when rhythm
check reveals an organized rhythm (Class IIb, LOE C). If
PETCO, is <10 mm Hg, it is reasonable to consider trying to
improve CPR quality by optimizing chest compression pa-
rameters (Class IIb, LOE C). If PErco, abruptly increases to
a normal value (35 to 40 mm Hg), it is reasonable to consider
that this is an indicator of ROSC (Class Ila, LOE B). The
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value of using quantitative waveform capnography in nonin-
tubated patients to monitor and optimize CPR quality and
detect ROSC is uncertain (Class IIb, LOE C).

Coronary Perfusion Pressure and Arterial

Relaxation Pressure

CPP (coronary perfusion pressure=aortic relaxation
[“diastolic”] pressure minus right atrial relaxation [“dia-
stolic”] pressure) during CPR correlates with both myocardial
blood flow and ROSC.168.192.220 Relaxation pressure during CPR
is the trough of the pressure waveform during the relaxation
phase of chest compressions and is analogous to diastolic
pressure when the heart is beating. Increased CPP correlates with
improved 24-hour survival rates in animal studies'® and is
associated with improved myocardial blood flow and ROSC in
animal studies of epinephrine, vasopressin, and angiotensin
I1.193-195 Tn one human study ROSC did not occur unless a CPP
=15 mm Hg was achieved during CPR.!%® However, monitoring
of CPP during CPR is rarely available clinically because
measurement and calculation require simultaneous recording of
aortic and central venous pressure.

A reasonable surrogate for CPP during CPR is arterial
relaxation (“diastolic””) pressure, which can be measured
using a radial, brachial, or femoral artery catheter. These
closely approximate aortic relaxation pressures during CPR
in humans.?''22! The same study that identified a CPP
threshold of =15 mm Hg for ROSC also reported that ROSC
was not achieved if aortic relaxation “diastolic” pressure
did not exceed 17 mm Hg during CPR.!%3 A specific target
arterial relaxation pressure that optimizes the chance of
ROSC has not been established. It is reasonable to consider
using arterial relaxation “diastolic” pressure to monitor
CPR quality, optimize chest compressions, and guide
vasopressor therapy. (Class IIb, LOE C). If the arterial
relaxation “diastolic” pressure is <20 mm Hg, it is
reasonable to consider trying to improve quality of CPR by
optimizing chest compression parameters or giving a
vasopressor or both (Class IIb, LOE C). Arterial pressure
monitoring can also be used to detect ROSC during chest
compressions or when a rhythm check reveals an organized
rhythm (Class IIb, LOE C).

Central Venous Oxygen Saturation
When oxygen consumption, arterial oxygen saturation

(Sa0,), and hemoglobin are constant, changes in Scvo,
reflect changes in oxygen delivery by means of changes in
cardiac output. Scvo, can be measured continuously using
oximetric tipped central venous catheters placed in the
superior vena cava. Scvo, values normally range from 60% to
80%. During cardiac arrest and CPR these values range from
25% to 35%, indicating the inadequacy of blood flow
produced during CPR. In one clinical study the failure to
achieve Scvo, of 30% during CPR was associated with
failure to achieve ROSC.!%° Scvo, also helps to rapidly detect
ROSC without interrupting chest compressions to check
rhythm and pulse. When available, continuous Scvo, moni-
toring is a potentially useful indicator of cardiac output and
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oxygen delivery during CPR. Therefore, when in place before
cardiac arrest, it is reasonable to consider using continuous
Scvo, measurement to monitor quality of CPR, optimize
chest compressions, and detect ROSC during chest compres-
sions or when rhythm check reveals an organized rhythm
(Class IIb, LOE Q). If Scvo, is <30%, it is reasonable to
consider trying to improve the quality of CPR by optimizing
chest compression parameters (Class IIb, LOE C).

Pulse Oximetry
During cardiac arrest, pulse oximetry typically does not

provide a reliable signal because pulsatile blood flow is
inadequate in peripheral tissue beds. But the presence of a
plethysmograph waveform on pulse oximetry is potentially
valuable in detecting ROSC, and pulse oximetry is useful to
ensure appropriate oxygenation after ROSC.

Arterial Blood Gases
Arterial blood gas monitoring during CPR is not a reliable

indicator of the severity of tissue hypoxemia, hypercarbia
(and therefore adequacy of ventilation during CPR), or tissue
acidosis.???> Routine measurement of arterial blood gases
during CPR has uncertain value (Class IIb, LOE C).

Echocardiography

No studies specifically examine the impact of echocardiog-
raphy on patient outcomes in cardiac arrest. However, a
number of studies suggest that transthoracic and transesoph-
ageal echocardiography have potential utility in diagnosing
treatable causes of cardiac arrest such as cardiac tamponade,
pulmonary embolism, ischemia, and aortic dissection.??3-227
In addition, 3 prospective studies?28-230 found that absence of
cardiac motion on sonography during resuscitation of patients
in cardiac arrest was highly predictive of inability to achieve
ROSC: of the 341 patients from the 3 studies, 218 had no
detectable cardiac activity and only 2 of these had ROSC (no
data on survival-to-hospital discharge were reported). Trans-
thoracic or transesophageal echocardiography may be con-
sidered to diagnose treatable causes of cardiac arrest and
guide treatment decisions (Class IIb, LOE C).

Access for Parenteral Medications During
Cardiac Arrest

Timing of IV/IO Access

During cardiac arrest, provision of high-quality CPR and
rapid defibrillation are of primary importance and drug
administration is of secondary importance. After beginning
CPR and attempting defibrillation for identified VF or pulse-
less VT, providers can establish IV or IO access. This should
be performed without interrupting chest compressions. The
primary purpose of IV/IO access during cardiac arrest is to
provide drug therapy. Two clinical studies!3*13¢ reported data
suggesting worsened survival for every minute that antiar-
rhythmic drug delivery was delayed (measured from time of
dispatch). However, this finding was potentially biased by a
concomitant delay in onset of other ACLS interventions. In
one study'3¢ the interval from first shock to administration of
an antiarrhythmic drug was a significant predictor of survival.
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One animal study??' reported lower CPP when delivery of a
vasopressor was delayed. Time to drug administration was
also a predictor of ROSC in a retrospective analysis of swine
cardiac arrest.?3? Thus, although time to drug treatment
appears to have importance, there is insufficient evidence to
specify exact time parameters or the precise sequence with
which drugs should be administered during cardiac arrest.

Peripheral IV Drug Delivery

If a resuscitation drug is administered by a peripheral venous
route, it should be administered by bolus injection and
followed with a 20-mL bolus of IV fluid to facilitate the drug
flow from the extremity into the central circulation.?33 Briefly
elevating the extremity during and after drug administration
theoretically may also recruit the benefit of gravity to
facilitate delivery to the central circulation but has not been
systematically studied.

10 Drug Delivery
IO cannulation provides access to a noncollapsible venous

plexus, enabling drug delivery similar to that achieved by
peripheral venous access at comparable doses. Two prospec-
tive trials in children®** and adults?*> and 6 other studies?3°-
242 suggest that IO access can be established efficiently; is
safe and effective for fluid resuscitation, drug delivery, and
blood sampling for laboratory evaluation; and is attainable in
all age groups. However, many of these studies were con-
ducted during normal perfusion states or hypovolemic shock
or in animal models of cardiac arrest. Although virtually all
ACLS drugs have been given intraosseously in the clinical
setting without known ill effects, there is little information on
the efficacy and effectiveness of such administration in
clinical cardiac arrest during ongoing CPR. It is reasonable
for providers to establish IO access if IV access is not readily
available (Class IIa, LOE C). Commercially available kits can
facilitate IO access in adults.

Central 1V Drug Delivery
The appropriately trained provider may consider placement

of a central line (internal jugular or subclavian) during
cardiac arrest, unless there are contraindications (Class IIb,
LOE C). The primary advantage of a central line is that peak
drug concentrations are higher and drug circulation times
shorter compared with drugs administered through a periph-
eral IV catheter.?43-245 In addition, a central line extending
into the superior vena cava can be used to monitor Scvo, and
estimate CPP during CPR, both of which are predictive of
ROSC.1¢8.1¢9 However, central line placement can interrupt
CPR. Central venous catheterization is a relative (but not
absolute) contraindication for fibrinolytic therapy in patients
with acute coronary syndromes.

Endotracheal Drug Delivery
One study in children,?#¢ 5 studies in adults,?#-25! and

multiple animal studies?>2-234 have shown that lido-
caine,?*%255 epinephrine,>° atropine,?’ naloxone, and vaso-
pressin®* are absorbed via the trachea. There are no data

regarding endotracheal administration of amiodarone. Ad-
ministration of resuscitation drugs into the trachea results in
lower blood concentrations than when the same dose is given
intravascularly. Furthermore, the results of recent animal
studies?38259 suggest that the lower epinephrine concentra-
tions achieved when the drug is delivered endotracheally may
produce transient 3-adrenergic effects, resulting in vasodila-
tion. These effects can be detrimental, causing hypotension,
lower CPP and flow, and reduced potential for ROSC. Thus,
although endotracheal 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?*® using a randomized control, IV
administration of atropine and epinephrine was associated
with a higher rate of ROSC and survival to hospital admission
than administration 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.

If IV or IO access cannot be established, epinephrine,
vasopressin, and lidocaine may be administered by the
endotracheal route during cardiac arrest (Class IIb, LOE B).
The optimal endotracheal dose of most drugs is unknown, but
typically the dose given by the endotracheal route is 2 to 22
times the recommended IV dose. In 2 animal CPR studies the
equipotent epinephrine dose given endotracheally was ap-
proximately 3 to 10 times higher than the IV dose.2¢!.262
Providers should dilute the recommended dose in 5 to 10 mL
of sterile water or normal saline and inject the drug directly
into the endotracheal tube.?3¢ Studies with epinephrine?* and
lidocaine?3! showed that dilution with sterile water instead of
0.9% saline may achieve better drug absorption.

Advanced Airway
There is inadequate evidence to define the optimal timing of
advanced airway placement in relation to other interventions
during resuscitation from cardiac arrest. There are no pro-
spective studies that directly address the relationship between
timing or type of advanced airway placement during CPR and
outcomes. In an urban out-of-hospital setting, intubation in
<12 minutes has been associated with a better rate of survival
than intubation in =13 minutes.?> In a registry study of
25 006 in-hospital cardiac arrests, earlier time to advanced
airway (<5 minutes) was not associated with increased
ROSC but was associated with improved 24-hour survival.?!
In out-of-hospital urban and rural settings, patients intubated
during resuscitation had better survival rates than patients
who were not intubated.® In an in-hospital setting patients
requiring intubation during CPR had worse survival rates.’* A
recent study® found that delayed endotracheal intubation
combined with passive oxygen delivery and minimally inter-
rupted chest compressions was associated with improved
neurologically intact survival after out-of-hospital cardiac
arrest in patients with witnessed VF/VT.

Advantages of advanced airway placement include elimi-
nation of the need for pauses in chest compressions for
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ventilation, potentially improved ventilation and oxygena-
tion, reduction in the risk of aspiration, and ability to use
quantitative waveform capnography to monitor quality of
CPR, optimize chest compressions, and detect ROSC during
chest compressions or when a rhythm check reveals an
organized rhythm. The primary disadvantages are interrup-
tions in chest compression during placement and the risk of
unrecognized esophageal intubation.

When an advanced airway (eg, endotracheal tube or supra-
glottic airway) is placed, 2 providers no longer deliver cycles
of compressions interrupted with pauses for ventilation.
Instead, the provider performing compressions should deliver
at least 100 compressions per minute continuously without
pauses for ventilation. The provider delivering ventilations
should give 1 breath every 6 to 8 seconds (8 to 10 breaths per
minute) and should be careful to avoid delivering an exces-
sive number of ventilations.

When Should Resuscitative Efforts Stop?

The final decision to stop can never rest on a single
parameter, such as duration of resuscitative efforts. Rather,
clinical judgment and respect for human dignity must enter
into decision making. In the out-of-hospital setting, cessation
of resuscitative efforts in adults should follow system-
specific criteria under direct medical control. There are
limited clinical data to guide this decision in neonatal and
pediatric out-of-hospital or in-hospital cardiac arrest. A more
detailed discussion is provided in Part 3: “Ethics.”

Medications for Arrest Rhythms

The primary goal of pharmacologic therapy during cardiac
arrest is to facilitate restoration and maintenance of a perfus-
ing spontaneous rhythm. Toward this goal, ACLS drug
therapy during CPR is often associated with increased rates of
ROSC and hospital admission but not increased rates of
long-term survival with good neurologic outcome. One
study!3® randomized patients to IV or no IV medications
during management of adult out-of-hospital cardiac arrest.
The study demonstrated higher rates of ROSC in the IV group
(40% 1V versus 25% no IV [odds ratio (OR) 1.99; 95%
confidence interval (CI) 1.48 to 2.67]), but there was no
statistical difference in survival to hospital discharge (10.5%
IV versus 9.2% no IV [OR 1.16; 95% CI 0.74 to 1.82]) or
survival with favorable neurologic outcome (9.8% IV versus
8.1% no IV [OR 1.24; 95% CI1 0.77 to 1.98]). This study was
not adequately powered to detect clinically important differ-
ences in long-term outcomes. Evidence from one nonrandom-
ized trial'*” found that the addition of ACLS interventions
including IV drugs in a previously optimized BLS system
with rapid defibrillation resulted in an increased rate of
ROSC (18.0% with ACLS versus 12.9% before ACLS,
P<0.001) and hospital admission (14.6% with ACLS versus
10.9% before ACLS, P<<0.001) but no statistical difference in
survival to hospital discharge (5.1% with ACLS versus 5.0%
before ACLS). Whether optimized high-quality CPR and
advances in post—cardiac arrest care will enable the increased
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rates of ROSC with ACLS medications to be translated into
increased long-term survival remains to be determined.

Vasopressors

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

Epinephrine
Epinephrine hydrochloride produces beneficial effects in
patients during cardiac arrest, primarily because of its
a-adrenergic receptor-stimulating (ie, vasoconstrictor) prop-
erties.?** The a-adrenergic effects of epinephrine can increase
CPP and cerebral perfusion pressure during CPR.2¢> The
value and safety of the 3-adrenergic effects of epinephrine are
controversial because they may increase myocardial work
and reduce subendocardial perfusion.26¢

There are no RCTs that adequately compare epinephrine
with placebo in treatment of and outcomes related to out-of-
hospital cardiac arrest. A retrospective study?®’ compared
epinephrine to no epinephrine for sustained VF and PEA/
asystole and found improved ROSC with epinephrine but no
difference in survival between the treatment groups. A
meta-analysis and other studies have found improved ROSC,
but none have demonstrated a survival benefit of high-dose
epinephrine versus standard-dose epinephrine in cardiac
arrest.! 35,268-272

It is reasonable to consider administering a 1 mg dose of
IV/1O epinephrine every 3 to 5 minutes during adult cardiac
arrest (Class IIb, LOE A). Higher doses may be indicated to
treat specific problems, such as a B-blocker or calcium
channel blocker overdose. Higher doses can also be consid-
ered if guided by hemodynamic monitoring such as arterial
relaxation “diastolic” pressure or CPP. If IV/IO access is
delayed or cannot be established, epinephrine may be given
endotracheally at a dose of 2 to 2.5 mg.

Vasopressin
Vasopressin is a nonadrenergic peripheral vasoconstrictor
that also causes coronary and renal vasoconstriction.??3
Three RCTs and a meta-analysis of the trials?74-277 dem-
onstrated no difference in outcomes (ROSC, survival to
discharge, or neurologic outcome) with vasopressin (40
units V) versus epinephrine (1 mg) as a first-line vaso-
pressor in cardiac arrest. Two RCTs?78:27° demonstrated no
difference in outcomes (ROSC, survival to discharge, or
neurologic) when comparing epinephrine in combination
with vasopressin versus epinephrine alone in cardiac
arrest. One RCT found that repeated doses of vasopressin
during cardiac arrest did not improve survival rates com-
pared with repeated doses of epinephrine.28°

Because the effects of vasopressin have not been shown to
differ from those of epinephrine in cardiac arrest, 1 dose of
vasopressin 40 units IV/IO may replace either the first or
second dose of epinephrine in the treatment of cardiac arrest
(Class IIb, LOE A).
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Other Vasopressors
There are no alternative vasopressors (norepinephrine,

phenylephrine) with proven survival benefit compared
with epinephrine.268.281.282

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.

Amiodarone
IV amiodarone affects sodium, potassium, and calcium chan-

nels and has a- and -adrenergic blocking properties. It can
be considered for treatment of VF or pulseless VT unrespon-
sive 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,!3+13¢ para-
medic administration of amiodarone (300 mg'3* or 5 mg/kg!3°¢)
improved hospital admission rates when compared with
administration of placebo'3* or 1.5 mg/kg of lidocaine.!3¢
Additional studies?®3-287 documented consistent improvement
in termination of arrhythmias when amiodarone was given to
humans or animals with VF or hemodynamically unstable
VT. A higher incidence of bradycardia and hypotension was
reported for amiodarone in one out-of-hospital study.!** A
canine study?®® noted that administration of a vasoconstrictor
before amiodarone prevented hypotension. The adverse he-
modynamic effects of the IV formulation of amiodarone are
attributed to vasoactive solvents (polysorbate 80 and benzyl
alcohol). When administered in the absence of these solvents,
an analysis of the combined data of 4 prospective clinical
trials of patients with VT (some hemodynamically unstable)
showed that amiodarone produced no more hypotension than
lidocaine.?%¢ A formulation of IV amiodarone without these
vasoactive solvents was approved for use in the United States.
Amiodarone may be considered for VF or pulseless VT
unresponsive to CPR, defibrillation, and a vasopressor ther-
apy (Class IIb, LOE B). An initial dose of 300 mg IV/IO can
be followed by 1 dose of 150 mg IV/IO. Although anecdot-
ally administered IO without known adverse effects, there is
limited experience with amiodarone given by this route.

Lidocaine
A retrospective review?8® demonstrated an association

between improved hospital admission rates and use of
lidocaine (compared with standard treatment) in patients
with out-of-hospital VF cardiac arrest. But there is inade-
quate evidence to recommend the use of lidocaine in
patients who have refractory VI/VF, defined as VT/VF not
terminated by defibrillation or that continues to recur after
defibrillation during out-of-hospital cardiac arrest or in-
hospital cardiac arrest.

Lidocaine is an alternative antiarrhythmic of long-standing
and widespread familiarity with fewer immediate side effects

than may be encountered with other antiarrhythmics. Lido-
caine, however, has no proven short- or long-term efficacy in
cardiac arrest. Lidocaine may be considered if amiodarone is
not available (Class IIb, LOE B). 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.

Magnesium Sulfate
Two observational studies?°0-2°! showed that IV magnesium

sulfate can facilitate termination of torsades de pointes
(irregular/polymorphic VT associated with prolonged QT
interval). Magnesium sulfate is not likely to be effective in
terminating irregular/polymorphic VT in patients with a
normal QT interval.?*!

A number of doses of magnesium sulfate have been used
clinically, and an optimal dosing regimen has not been
established. When VF/pulseless VT cardiac arrest is associ-
ated with torsades de pointes, providers may administer an
IV/IO bolus of magnesium sulfate at a dose of 1 to 2 g diluted
in 10 mL DsW (Class IIb, LOE C). See Part 8.3: “Manage-
ment of Symptomatic Bradycardia and Tachycardia” for
additional information about management of torsades de
pointes not associated with cardiac arrest.

Three RCTs?922%4 did not identify a significant benefit
from use of magnesium compared with placebo among
patients with VF arrest in the prehospital, intensive care unit,
and emergency department setting, respectively. Thus, rou-
tine administration of magnesium sulfate in cardiac arrest is
not recommended (Class III, LOE A) unless torsades de
pointes is present.

Interventions Not Recommended for Routine Use
During Cardiac Arrest

Atropine

Atropine sulfate reverses cholinergic-mediated decreases in
heart rate and atrioventricular nodal conduction. No prospec-
tive controlled clinical trials have examined the use of
atropine in asystole or bradycardic PEA cardiac arrest.
Lower-level clinical studies provide conflicting evidence of
the benefit of routine use of atropine in cardiac arrest.3+295-304
There is no evidence that atropine has detrimental effects
during bradycardic or asystolic cardiac arrest. Available
evidence suggests that routine use of atropine during PEA or
asystole is unlikely to have a therapeutic benefit (Class IIb,
LOE B). For this reason atropine has been removed from the
cardiac arrest algorithm.

Sodium Bicarbonate
Tissue acidosis and resulting acidemia during cardiac arrest

and resuscitation are dynamic processes resulting from no
blood flow during arrest and low blood flow during CPR.
These processes are affected by the duration of cardiac arrest,
level of blood flow, and arterial oxygen content during CPR.
Restoration of oxygen content with appropriate ventilation
with oxygen, support of some tissue perfusion and some
cardiac output with high-quality chest compressions, then
rapid ROSC are the mainstays of restoring acid-base balance
during cardiac arrest.
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Two studies demonstrated305-396 increased ROSC, hos-
pital admission, and survival to hospital discharge associ-
ated with use of bicarbonate. However, the majority of
studies showed no benefit397-3%° or found a relationship
with poor outcome.304.310-312

There are few data to support therapy with buffers during
cardiac arrest. There is no evidence that bicarbonate improves
the likelihood of defibrillation or survival rates in animals
with VF cardiac arrest. A wide variety of adverse effects have
been linked to administration of bicarbonate during cardiac
arrest. Bicarbonate may compromise CPP by reducing sys-
temic vascular resistance.?'? It can create extracellular alka-
losis that will shift the oxyhemoglobin saturation curve and
inhibit oxygen release. It can produce hypernatremia and
therefore hyperosmolarity. It produces excess CO,, which
freely diffuses into myocardial and cerebral cells and may
paradoxically contribute to intracellular acidosis.>'# It can
exacerbate central venous acidosis and may inactivate simul-
taneously administered catecholamines.

In some special resuscitation situations, such as preexisting
metabolic acidosis, hyperkalemia, or tricyclic antidepressant
overdose, bicarbonate can be beneficial (see Part 12: “Cardiac
Arrest in Special Situations”). However, routine use of
sodium bicarbonate is not recommended for patients in
cardiac arrest (Class III, LOE B). When bicarbonate is used
for special situations, an initial dose of 1 mEq/kg is typical.
Whenever possible, bicarbonate therapy should be guided by
the bicarbonate concentration or calculated base deficit ob-
tained from blood gas analysis or laboratory measurement. To
minimize the risk of iatrogenically induced alkalosis, provid-
ers should not attempt complete correction of the calculated
base deficit. Other non—CO,-generating buffers such as car-
bicarb, THAM, or tribonate have shown potential for mini-
mizing some adverse effects of sodium bicarbonate, including
CO, generation, hyperosmolarity, hypernatremia, hypoglyce-
mia, intracellular acidosis, myocardial acidosis, and “over-
shoot” alkalosis.?!>-317 But clinical experience is greatly
limited and outcome studies are lacking.

Calcium
Studies of calcium during cardiac arrest have found variable

results on ROSC, and no trial has found a beneficial effect on
survival either in or out of hospital.301304.318-323 Routine
administration of calcium for treatment of in-hospital and
out-of-hospital cardiac arrest is not recommended (Class III,
LOE B).

Fibrinolysis

Fibrinolytic therapy was proposed for use during cardiac
arrest to treat both coronary thrombosis (acute coronary
syndrome) with presumably complete occlusion of a proxi-
mal coronary artery and major life-threatening pulmonary
embolism. Ongoing CPR is not an absolute contraindication
to fibrinolysis. Initial studies were promising324-33° and sug-
gested benefit from fibrinolytic therapy in the treatment of
victims of cardiopulmonary arrest unresponsive to standard
therapy. But 2 large clinical trials'®333! failed to show any
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improvement in outcome with fibrinolytic therapy during
CPR. One of these showed an increased risk of intracranial
bleeding associated with the routine use of fibrinolytics
during cardiac arrest.'s8

Fibrinolytic therapy should not be routinely used in cardiac
arrest (Class III, LOE B). When pulmonary embolism is
presumed or known to be the cause of cardiac arrest,
empirical fibrinolytic therapy can be considered (Class Ila,
LOE B; see Part 12).

1V Fluids
No published human study directly compares the outcome of

routine IV fluid administration to no fluid administration
during CPR. Most human and animal studies of fluid infusion
during CPR did not have a control group,33?-343 and 2 animal
studies showed that normothermic fluid infusion during CPR
caused a decrease in CPP.344-34¢ In addition to normothermic
fluid, hypertonic and chilled fluids have been studied in
animal and small human studies without a survival bene-
fit.332.334.336-338.341-343 If cardiac arrest is associated with
extreme volume losses, hypovolemic arrest should be sus-
pected. These patients present with signs of circulatory shock
advancing to PEA. In these settings intravascular volume
should be promptly restored.

Pacing

Electric pacing is generally not effective in cardiac arrest, and
no studies have observed a survival benefit from pacing in
cardiac arrest.?#7-350 Existing evidence suggests that pacing
by transcutaneous, transvenous, or transmyocardial means in
cardiac arrest does not improve the likelihood of ROSC or
survival outcome regardless of the timing of pacing admin-
istration (early or delayed in established asystole), location of
arrest (in-hospital or out-of-hospital), or primary cardiac
rhythm (asystole, PEA) targeted for treatment. Electric pac-
ing is not recommended for routine use in cardiac arrest
(Class III, LOE B).

Precordial Thump

The potential utility of precordial thump in cardiac arrest has
not been well studied. When hemodynamically unstable
ventricular tachyarrhythmias were induced during electro-
physiological testing, initial administration of a precordial
thump appeared to be safe but rarely effective in terminating
ventricular arrhythmias.3s! In a prospective observational
study of patients with out-of-hospital cardiac arrest, prec-
ordial thump was associated with ROSC when administered
promptly to patients with responder-witnessed asystolic ar-
rest. When administered for VF/VT or PEA arrest it was
ineffective but resulted in no apparent harm.’>? In 3 case
series?33-355 VF or pulseless VT was converted to a perfusing
rhythm by a precordial thump. Conversely, other case series
documented deterioration in cardiac rhythm, such as rate
acceleration of VT, conversion of VT to VF, or development
of complete AV block or asystole following the
thump.354.356—36l
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The precordial thump may be considered for termination
of witnessed monitored unstable ventricular tachyarrhyth-
mias when a defibrillator is not immediately ready for use
(Class IIb, LOE B), but should not delay CPR and shock
delivery. There is insufficient evidence to recommend for
or against the use of the precordial thump for witnessed
onset of asystole, and there is insufficient evidence to
recommend percussion pacing during typical attempted
resuscitation from cardiac arrest.

Summary

Intervention to prevent cardiac arrest in critically ill
patients is ideal. When cardiac arrest occurs, high-quality
CPR is fundamental to the success of any subsequent
ACLS intervention. During resuscitation healthcare pro-
viders must perform chest compressions of adequate rate
and depth, allow complete recoil of the chest after each
compression, minimize interruptions in chest compres-
sions, and avoid excessive ventilation, especially with an
advanced airway. Quality of CPR should be continuously
monitored. Physiologic monitoring may prove useful to
optimize resuscitative efforts. For patients in VF/pulseless
VT, shocks should be delivered promptly with minimal
interruptions in chest compressions. The increased rates of
ROSC associated with ACLS drug therapy have yet to be
translated into long-term survival benefits. However, im-
proved quality of CPR, advances in post—cardiac arrest
care, and improved overall implementation through com-
prehensive systems of care may provide a pathway to
optimize the outcomes of cardiac arrest patients treated
with ACLS interventions.

Part 8.3: Management of Symptomatic
Bradycardia and Tachycardia

Overview
This section highlights recommendations for management
of patients with acute symptomatic arrhythmias. Electro-
cardiographic (ECG) and rhythm information should be
interpreted within the context of total patient assessment.
Errors in diagnosis and treatment are likely to occur if
advanced cardiovascular life support (ACLS) providers
base treatment decisions solely on rhythm interpretation
and neglect clinical evaluation. Providers must evaluate
the patient’s symptoms and clinical signs, including ven-
tilation, oxygenation, heart rate, blood pressure, level of
consciousness, and signs of inadequate organ perfusion.
Unstable and symptomatic are terms typically used to
describe the condition of patients with arrhythmias. Gen-
erally, unstable refers to a condition in which vital organ
function is acutely impaired or cardiac arrest is ongoing or
imminent. When an arrhythmia causes a patient to be
unstable, immediate intervention is indicated. Symptomatic
implies that an arrhythmia is causing symptoms, such as
palpitations, lightheadedness, or dyspnea, but the patient is
stable and not in imminent danger. In such cases more time
is available to decide on the most appropriate intervention.
In both unstable and symptomatic cases the provider must

make an assessment as to whether it is the arrhythmia that
is causing the patient to be unstable or symptomatic. For
example, a patient in septic shock with sinus tachycardia of
140 beats per minute is unstable; however, the arrhythmia
is a physiologic compensation rather than the cause of
instability. Therefore, electric cardioversion will not im-
prove this patient’s condition. Additionally, if a patient
with respiratory failure and severe hypoxemia becomes
hypotensive and develops a bradycardia, the bradycardia is
not the primary cause of instability. Treating the bradycar-
dia without treating the hypoxemia is unlikely to improve
the patient’s condition. It is critically important to deter-
mine the cause of the patient’s instability in order to
properly direct treatment. In general, sinus tachycardia is a
response to other factors and, thus, it rarely (if ever) is the
cause of instability in and of itself.

The 2010 AHA Guidlines for CPR and ECC emphasize
the importance of clinical evaluation and highlight princi-
ples of therapy with algorithms that have been refined and
streamlined since publication of the 2005 AHA Guidelines
for CPR and ECC.3%2 The key principles of arrhythmia
recognition and management in adults are as follows:

If bradycardia produces signs and symptoms of instabil-
ity (eg, acutely altered mental status, ischemic chest
discomfort, acute heart failure, hypotension, or other signs
of shock that persist despite adequate airway and breath-
ing), the initial treatment is atropine (Class Ila, LOE B). If
bradycardia is unresponsive to atropine, intravenous (IV)
infusion of [B-adrenergic agonists with rate-accelerating
effects (dopamine, epinephrine) or transcutaneous pacing
(TCP) can be effective (Class Ila, LOE B) while the patient
is prepared for emergent transvenous temporary pacing if
required.

If the tachycardic patient is unstable with severe signs and
symptoms related to a suspected arrhythmia (eg, acute altered
mental status, ischemic chest discomfort, acute heart failure,
hypotension, or other signs of shock), immediate cardiover-
sion should be performed (with prior sedation in the con-
scious patient) (Class I, LOE B). In select cases of regular
narrow-complex tachycardia with unstable signs or symp-
toms, a trial of adenosine before cardioversion is reasonable
to consider (Class IIb, LOE C).

If the patient with tachycardia is stable, determine if the
patient has a narrow-complex or wide-complex tachycardia,
whether the rhythm is regular or irregular, and for wide
complexes whether the QRS morphology is monomorphic or
polymorphic. Therapy is then tailored accordingly (Table 2).

Know when to call for expert consultation regarding
complicated rhythm interpretation, drugs, or management
decisions.

A comprehensive presentation of the evaluation and man-
agement of bradyarrhythmias and tachyarrhythmias is beyond
the scope of the 2010 AHA Guidelines for CPR and ECC. The
following selected rhythm scenarios are meant to aid with the
management of periarrest thythm disorders. If cardiac arrest
develops at any time, see the ACLS Cardiac Arrest Algo-
rithms in Part 8.2: “Management of Cardiac Arrest.”
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Table 2. IV Drugs Used for Tachycardia
Precautions or Special
Drug Characteristics Indication(s) Dosing Side Effects Considerations
Intravenous Drugs
Used to Treat
Supraventricular
Tachyarrhythmias
Adenosine Endogenous purine o Stable, narrow-complex regular tachycardias 6 mg IV as a rapid IV push Hypotension, Contraindicated in
nucleoside; briefly ® Unstable narrow-complex regular tachycardias  followed by a 20 mL saline flush; ~ bronchospasm, patients with asthma;
depresses sinus while preparations are made for electrical repeat if required as 12 mg IV chest discomfort ~ may precipitate atrial
node rate and AV cardioversion push fibrillation, which may be
node conduction; e Stable, regular, monomorphic, wide complex very rapid in patients
vasodilator tachycardia as a therapeutic and diagnostic with WPW; thus a
maneuver defibrillator should be
readily available; reduce
dose in post-cardiac
transplant patients, those
taking dipyridamole or
carbamazepine and
when administered via a
central vein
Diltiazem, Non-dihydropyridine ® Stable, narrow-complex tachycardias if rhnythm  Diltiazem: Initial dose 15 to 20 Hypotension, Should only be given to
Verapamil calcium channel remains uncontrolled or unconverted by mg (0.25 mg/kg) IV over 2 bradycardia, patients with
blockers; slow AV adenosine or vagal maneuvers or if SVT is minutes; additional 20 to 25 mg precipitation of narrow-complex
node conduction and recurrent (0.35 mg/kg) IV in 15 minutes if heart failure tachycardias (regular or
increase AV node @ (Control ventricular rate in patients with atrial needed; 5 to 15 mg/h IV irregular). Avoid in
refractoriness; fibrillation or atrial flutter maintenance infusion (titrated to patients with heart
vasodilators, AF heart rate if given for rate failure and pre-excited
negative inotropes control) AF or flutter or rhythms
Verapamil: Initial dose 2.5 to 5 consistent with VT
mg IV given over 2 minutes; may
repeat as 5 to 10 mg every 15 to
30 minutes to total dose of 20 to
30 mg
Atenolol, B-Blockers; reduce ® Stable, narrow-complex tachycardias if rhythm  Atenolol (31 specific blocker) 5 Hypotension, Avoid in patients with
Esmolol, effects of circulating remains uncontrolled or unconverted by mg IV over 5 minutes; repeat 5 bradycardia, asthma, obstructive
Metoprolol, catecholamines; adenosine or vagal maneuvers or if SVT is mg in 10 minutes if arrhythmia precipitation of airway disease,
Propranolol reduce heart rate, recurrent persists or recurs heart failure decompensated heart
AV node conduction o Control ventricular rate in patients with atrial Esmolol (81 specific blocker with failure and pre-excited
and blood pressure; fibrillation or atrial flutter 2- to 9-minute half-life) IV artrial fibrillation or
negative inotropes ® (Certain forms of polymorphic VT (associated loading dose 500 mcg/kg (0.5 flutter
with acute ischemia, familial LQTS, mg/kg) over 1 minute, followed
catecholaminergic) by an infusion of 50 mcg/kg per
minute (0.05 mg/kg per minute);
if response is inadequate, infuse
second loading bolus of 0.5
mg/kg over 1 minute and
increase maintenance infusion to
100 mcg/kg (0.1 mg/kg) per
minute; increment; increase in
this manner if required to
maximum infusion rate of 300
mcg/kg [0.3 mg/kg] per minute
Metoprolol (31 specific blocker) 5
mg over 1 to 2 minutes repeated
as required every 5 minutes to
maximum dose of 15 mg
Propranolol (nonselective
B-blocker) 0.5 to 1 mg over 1
minute, repeated up to a total
dose of 0.1 mg/kg if required
Procainamide Sodium and ® Pre-excited atrial fibrillation 20 to 50 mg/min until arrhythmia ~ Bradycardia, Avoid in patients with QT
potassium channel suppressed, hypotension ensues, hypotension, prolongation and CHF
blocker or QRS prolonged by 50%, or torsades de
total cumulative dose of 17 pointes

mg/kg; or 100 mg every 5
minutes until arrhythmia is
controlled or other conditions
described above are met

(Continued)
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Table 2.  Continued
Precautions or Special
Drug Characteristics Indication(s) Dosing Side Effects Considerations
Amiodarone Multichannel blocker @ Stable irregular narrow complex tachycardia 150 mg given over 10 minutes Bradycardia,

(sodium, potassium, (atrial fibrillation) and repeated if necessary, hypotension,

calcium channel, @ Stable regular narrow-complex tachycardia followed by a 1 mg/min infusion phlebitis

and noncompetitive @ To control rapid ventricular rate due to for 6 hours, followed by 0.5

o/ B-blocker) accessory pathway conduction in pre-excited mg/min. Total dose over 24

atrial arrhythmias hours should not exceed 2.2 g.

Digoxin Cardiac glycoside e Stable, narrow-complex regular tachycardias if 8 to 12 mcg/kg total loading Bradycardia Slow onset of action and
with positive rhythm remains uncontrolled or unconverted dose, half of which is relative low potency
inotropic effects; by adenosine or vagal maneuvers or if SVT is administered initially over 5 renders it less useful for
slows AV node recurrent minutes, and remaining portion treatment of acute
conduction by @ Control ventricular rate in patients with atrial as 25% fractions at 4- to 8- hour arrhythmias
enhancing fibrillation or atrial flutter intervals
parasympathetic
tone; slow onset of
action

Intravenous Drugs
Used to Treat
Ventricular
Tachyarrhythmias

Procainamide Sodium and ® Hemodynamically stable monomorphic VT 20 to 50 mg/min until arrhythmia ~ Bradycardia, Avoid in patients with QT
potassium channel suppressed, hypotension ensues, hypotension, prolongation and CHF
blocker or QRS prolonged by 50%, or torsades de

total cumulative dose of 17 pointes
mg/kg; or 100 mg every 5

minutes until arrhythmia is

controlled or other conditions

described above are met

Amiodarone Multichannel blocker ~ ® Hemodynamically stable monomorphic VT 150 mg given over 10 minutes Bradycardia,
(sodium, potassium, @ Polymorphic VT with normal QT interval and repeated if necessary, hypotension,
calcium channel, followed by a 1 mg/min infusion phlebitis
«- and noncompetitive for 6 hours, followed by 0.5
B-blocker) mg/min. Total dose over 24

hours should not exceed 2.2 g.

Sotalol Potassium channel ® Hemodynamically stable monomorphic VT In clinical studies 1.5 mg/kg Bradycardia, Avoid in patients with QT
blocker and infused over 5 minutes; however, hypotension, prolongation and CHF
nonselective US package labeling recommends  torsades de
B-blocker any dose of the drug should be pointes

infused slowly over a period of 5
hours

Lidocaine Relatively weak ® Hemodynamically stable monomorphic VT Initial dose range from 1 to 1.5 Slurred speech,
sodium channel mg/kg IV; repeated if required at altered
blocker 0.5 to 0.75 mg/kg IV every 5 to consciousness,

10 minutes up to maximum seizures,
cumulative dose of 3 mg/kg; 1to  bradycardia
4 mg/min (30 to 50 mcg/kg per

minute) maintenance infusion

Magnesium Cofactor in variety of @ Polymorphic VT associated with QT 110 2 g IV over 15 minutes Hypotension, Follow magnesium levels
cell processes prolongation (torsades de pointes) CNS toxicity, if frequent or prolonged
including control of respiratory dosing required,
sodium and depression particularly in patients
potassium transport with impaired renal

function
Bradycardia working definition of bradycardia used here (Figure 3, Box

This section summarizes the management of bradyarrhyth-
mias. Following the overview of bradyarrhythmias and sum-
mary of the initial evaluation and treatment of bradycardia,
drugs used in the treatment of bradycardia are presented. See
the Bradycardia Algorithm, Figure 3. Box numbers in the text
refer to the numbered boxes in the algorithm.

Evaluation
Bradycardia is defined as a heart rate of <60 beats per

minute. However, when bradycardia is the cause of symp-
toms, the rate is generally <50 beats per minute, which is the

1). A slow heart rate may be physiologically normal for some
patients, whereas a heart rate of >50 beats per minute may be
inadequate for others. The Bradycardia Algorithm focuses on
management of clinically significant bradycardia (ie, brady-
cardia that is inappropriate for the clinical condition).
Because hypoxemia is a common cause of bradycardia,
initial evaluation of any patient with bradycardia should focus
on signs of increased work of breathing (tachypnea, intercos-
tal retractions, suprasternal retractions, paradoxical abdomi-
nal breathing) and oxyhemoglobin saturation as determined
by pulse oximetry (Figure 3, Box 2). If oxygenation is
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Assess appropriateness for clinical condition.

Heart rate typically <50/min if bradyarrhythmia.

2 '

Identify and treat underlying cause
* Maintain patent airway; assist breathing as necessary
* Oxygen (if hypoxemic)

* |V access
¢ 12-Lead ECG if available; don’t delay therapy

* Cardiac monitor to identify rhythm; monitor blood pressure and oximetry

3 !

Persi yarrny
causing:

* Hypotension?

* Acutely altered mental status?
* Signs of shock?

® Ischemic chest discomfort?

* Acute heart failure?

5 i Yes
Atropine

If atropine ineffective:
* Transcutaneous pacing
OR

Monitor and observe

* Dopamine infusion
OR
o Epinephrine infusion

Figure 3. Bradycardia Algorithm.

Doses/Details

Atropine IV Dose:

First dose: 0.5 mg bolus
Repeat every 3-5 minutes
Maximum: 3 mg

Dopamine IV Infusion:
2-10 mcg/kg per minute

Epinephrine IV Infusion:
2-10 mcg per minute

S749

s

Consider:

e Expert consultation
e Transvenous pacing

© 2010 American Heart Association

inadequate or the patient shows signs of increased work of
breathing, provide supplementary oxygen. Attach a monitor
to the patient, evaluate blood pressure, and establish IV
access. If possible, obtain a 12-lead ECG to better define the
rhythm. While initiating treatment, evaluate the patient’s
clinical status and identify potentially reversible causes.
The provider must identify signs and symptoms of poor
perfusion and determine if those signs are likely to be caused
by the bradycardia (Figure 3, Box 3). If the signs and
symptoms are not due to bradycardia, the provider should
reassess the underlying cause of the patient’s symptoms.
Remember that signs and symptoms of bradycardia may be
mild; asymptomatic or minimally symptomatic patients do
not necessarily require treatment (Figure 3, Box 4) unless
there is suspicion that the rhythm is likely to progress to
symptoms or become life-threatening (eg, Mobitz type II
second-degree AV block in the setting of acute myocardial
infarction [AMI]). If the bradycardia is suspected to be the
cause of acute altered mental status, ischemic chest discom-
fort, acute heart failure, hypotension, or other signs of shock,
the patient should receive immediate treatment.
Atrioventricular (AV) blocks are classified as first-, second-,
and third-degree. Blocks may be caused by medications or
electrolyte disturbances, as well as structural problems resulting
from AMI or other myocardial diseases. A first-degree AV block
is defined by a prolonged PR interval (>0.20 second) and is
generally benign. Second-degree AV block is divided into
Mobitz types I and II. In Mobitz type I block, the block is at the
AV node; the block is often transient and asymptomatic. In

Mobitz type II block, the block is usually below the AV node
within the His-Purkinje system; this block is often symptomatic,
with the potential to progress to complete (third-degree) AV
block. Third-degree AV block may occur at the AV node,
bundle of His, or bundle branches. When third-degree AV block
is present, no impulses pass between the atria and ventricles.
Third-degree AV block can be permanent or transient, depend-
ing on the underlying cause.

Therapy (Figure 3, Box 5)

Atropine
Atropine remains the first-line drug for acute symptomatic
bradycardia (Class IIa, LOE B). Clinical trials in adults3¢3-3¢7
showed that IV atropine improved heart rate, symptoms, and
signs associated with bradycardia. Atropine sulfate reverses
cholinergic-mediated decreases in heart rate and should be
considered a temporizing measure while awaiting a transcu-
taneous or transvenous pacemaker for patients with symp-
tomatic sinus bradycardia, conduction block at the level of the
AV node, or sinus arrest.367

The recommended atropine dose for bradycardia is 0.5 mg
IV every 3 to 5 minutes to a maximum total dose of 3 mg.
Doses of atropine sulfate of <0.5 mg may paradoxically
result in further slowing of the heart rate.3*8 Atropine admin-
istration should not delay implementation of external pacing
for patients with poor perfusion.

Use atropine cautiously in the presence of acute coronary
ischemia or MI; increased heart rate may worsen ischemia or
increase infarction size. Atropine will likely be ineffective in
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patients who have undergone cardiac transplantation because
the transplanted heart lacks vagal innervation. One small
uncontrolled study documented paradoxical slowing of the
heart rate and high-degree AV block when atropine was
administered to patients after cardiac transplantation.3¢°

Avoid relying on atropine in type II second-degree or third-
degree AV block or in patients with third-degree AV block with
a new wide-QRS complex where the location of block is likely
to be in non-nodal tissue (such as in the bundle of His or more
distal conduction system). These bradyarrhythmias are not likely
to be responsive to reversal of cholinergic effects by atropine and
are preferably treated with TCP or B-adrenergic support as
temporizing measures while the patient is prepared for trans-
venous pacing (Figure 3, Box 6).

Pacing

TCP may be useful for the treatment of symptomatic bradycar-
dias. There are limited studies comparing TCP with drug therapy
for the treatment of symptomatic bradycardia. A randomized
controlled trial in which atropine and glycopyrrolate were
compared with TCP showed few differences in outcome and
survival, although the TCP group obtained a more consistent
heart rate.?* In a study evaluating the feasibility of treatment
with dopamine as compared with TCP, no differences were
observed between treatment groups in survival to hospital
discharge.?”® TCP is, at best, a temporizing measure. TCP is
painful in conscious patients, and, whether effective or not
(achieving inconsistent capture), the patient should be prepared
for transvenous pacing and expert consultation should be ob-
tained. It is reasonable for healthcare providers to initiate TCP in
unstable patients who do not respond to atropine (Class Ila, LOE
B). Immediate pacing might be considered in unstable patients
with high-degree AV block when IV access is not available
(Class IIb, LOE C). If the patient does not respond to drugs or
TCP, transvenous pacing is probably indicated (Class 1la, LOE
C) (Figure 3, Box 6).

Alternative Drugs to Consider
Although not first-line agents for treatment of symptomatic

bradycardia, dopamine, epinephrine, and isoproterenol are
alternatives when a bradyarrhythmia is unresponsive to or
inappropriate for treatment with atropine, or as a temporizing
measure while awaiting the availability of a pacemaker.
Alternative drugs may also be appropriate in special circum-
stances such as the overdose of a B-blocker or calcium
channel blocker.

Dopamine. Dopamine hydrochloride is a catecholamine with
both a- and B-adrenergic actions. It can be titrated to more
selectively target heart rate or vasoconstriction. At lower
doses dopamine has a more selective effect on inotropy and
heart rate; at higher doses (>10 mcg/kg per minute), it also
has vasoconstrictive effects. Dopamine infusion may be used
for patients with symptomatic bradycardia, particularly if
associated with hypotension, in whom atropine may be
inappropriate or after atropine fails (Class ITb, LOE B). Begin
dopamine infusion at 2 to 10 mcg/kg per minute and titrate to
patient response.>’® Use of vasoconstrictors requires that the
recipient be assessed for adequate intravascular volume and
volume status supported as needed.

Epinephrine. Epinephrine is a catecholamine with «- and
B-adrenergic actions. Epinephrine infusion may be used for
patients with symptomatic bradycardia, particularly if associated
with hypotension, for whom atropine may be inappropriate or
after atropine fails (Class IIb, LOE B). Begin the infusion at 2 to
10 mcg/min and titrate to patient response. Use of vasoconstric-
tors requires that the recipient be assessed for adequate intravas-
cular volume and volume status supported as needed.

Isoproterenol. Isoproterenol is a B-adrenergic agent with 3-1
and (-2 effects, resulting in an increase in heart rate and
vasodilation. The recommended adult dose is 2 to 10 mcg/
min by IV infusion, titrated according to heart rate and
rhythm response.

Tachycardia

This section summarizes the management of a wide variety of
tachyarrhythmias. Following the overview of tachyarrhythmias
and summary of the initial evaluation and treatment of
tachycardia, common antiarrthythmic drugs used in the treatment
of tachycardia are presented. See the Tachycardia Algorithm,
Figure 4. Box numbers in the text refer to the numbered boxes
in the algorithm.

Classification of Tachyarrhythmias
Tachycardias can be classified in several ways, based on the

appearance of the QRS complex, heart rate, and regularity.
ACLS professionals should be able to recognize and differ-
entiate between sinus tachycardia, narrow-complex supraven-
tricular tachycardia (SVT), and wide-complex tachycardia.
Because ACLS providers may be unable to distinguish
between supraventricular and ventricular rhythms, they
should be aware that most wide-complex (broad-complex)
tachycardias are ventricular in origin.

® Narrow—QRS-complex (SVT) tachycardias (QRS <0.12
second), in order of frequency
Sinus tachycardia
Atrial fibrillation
Atrial flutter
AV nodal reentry
Accessory pathway—mediated tachycardia
Atrial tachycardia (including automatic and reentry
forms)
® Multifocal atrial tachycardia (MAT)
® Junctional tachycardia (rare in adults)
® Wide-QRS-complex tachycardias (QRS =0.12 second)
® Ventricular tachycardia (VT) and ventricular fibrillation
(VF)
® SVT with aberrancy
® Pre-excited tachycardias (Wolff-Parkinson-White
[WPW] syndrome)
® Ventricular paced rhythms

Irregular narrow-complex tachycardias are likely atrial
fibrillation or MAT; occasionally atrial flutter is irregular.
The management of atrial fibrillation and flutter is discussed
in the section “Irregular Tachycardias” below.

Initial Evaluation and Treatment of Tachyarrhythmias
Tachycardia is defined as an arrhythmia with a rate of >100

beats per minute, although, as with defining bradycardia, the
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Adult Tachycardia
(With Pulse)

Assess appropriateness for clinical condition.
Heart rate typically >150/min if tachyarrhythmia.

Y
Identify and treat underlying cause

¢ Maintain patent airway; assist breathing as necessary

* Oxygen (if hypoxemic)

e Cardiac monitor to identify rhythm; monitor blood
pressure and oximetry

Y
~
Persistent tachyarrhythmia 4

Doses/Details

Synchronized Cardioversion

Initial recommended doses:

* Narrow regular: 50-100 J

e Narrow irregular: 120-200 J biphasic
or 200 J monophasic

* Wide regular: 100 J

e Wide irregular: defibrillation dose
(NOT synchronized)

Adenosine IV Dose:

causing:

e Hypotension? Yes

e Acutely altered mental status? >
¢ Signs of shock?

¢ Ischemic chest discomfort?

Synchronized cardioversion
¢ Consider sedation
e |f regular narrow complex,
consider adenosine

First dose: 6 mg rapid IV push; follow
with NS flush.
Second dose: 12 mg if required.

Antiarrhythmic Infusions for
Stable Wide-QRS Tachycardia

e Acute heart failure?

Procainamide IV Dose:

5 "NO e |V access and 12-lead ECG
if available
¢ Consider adenosine only if
regular and monomorphic
e Consider antiarrhythmic infusion
e Consider expert consultation

~
Wide QRS? Yes
>0.12 second

20-50 mg/min until arrhythmia
suppressed, hypotension ensues,
QRS duration increases >50%, or
maximum dose 17 mg/kg given.
Maintenance infusion: 1-4 mg/min.
Avoid if prolonged QT or CHF.

Amiodarone IV Dose:

No

7 Y

IV access and 12-lead ECG if available
Vagal maneuvers

Adenosine (if regular)

B-Blocker or calcium channel blocker
Consider expert consultation

First dose: 150 mg over 10 minutes.
Repeat as needed if VT recurs.
Follow by maintenance infusion of

1 mg/min for first 6 hours.

Sotalol IV Dose:
100 mg (1.5 mg/kg) over 5 minutes.
Avoid if prolonged QT.

© 2010 American Heart Association

Figure 4. Tachycardia Algorithm.

rate of a tachycardia takes on clinical significance at its
greater extremes and is more likely attributable to an arrhyth-
mia rate of =150 beats per minute (Figure 4, Box 1). A rapid
heart rate is an appropriate response to a physiologic stress
(eg, fever, dehydration) or other underlying conditions. When
encountering patients with tachycardia, efforts should be
made to determine whether the tachycardia is the primary
cause of the presenting symptoms or secondary to an under-
lying condition that is causing both the presenting symptoms
and the faster heart rate. Many experts suggest that when a
heart rate is <150 beats per minute, it is unlikely that
symptoms of instability are caused primarily by the
tachycardia unless there is impaired ventricular function.

The evaluation and management of tachyarrhythmias is
depicted in the ACLS Tachycardia With Pulse Algorithm
(Figure 4). Box numbers in the text refer to numbered boxes
in this algorithm. If cardiac arrest develops at any time, see
the ACLS Cardiac Arrest Algorithms in Part 8.2: “Manage-
ment of Cardiac Arrest.”

Because hypoxemia is a common cause of tachycardia,
initial evaluation of any patient with tachycardia should focus

on signs of increased work of breathing (tachypnea, intercos-
tal retractions, suprasternal retractions, paradoxical abdomi-
nal breathing) and oxyhemoglobin saturation as determined
by pulse oximetry (Figure 4, Box 2). If oxygenation is
inadequate or the patient shows signs of increased work of
breathing, provide supplementary oxygen. Attach a monitor
to the patient, evaluate blood pressure, and establish IV
access. If available, obtain a 12-lead ECG to better define the
rhythm, but this should not delay immediate cardioversion if
the patient is unstable. While initiating treatment, evaluate the
patient’s clinical status and identify potential reversible
causes of the tachycardia.

If signs and symptoms persist despite provision of supple-
mentary oxygen and support of airway and ventilation, the
provider should assess the patient’s degree of instability and
determine if the instability is related to the tachycardia
(Figure 4, Box 3). If the patient demonstrates rate-related
cardiovascular compromise with signs and symptoms such as
acute altered mental status, ischemic chest discomfort, acute
heart failure, hypotension, or other signs of shock suspected
to be due to a tachyarrhythmia, proceed to immediate syn-
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chronized cardioversion (Figure 4, Box 4). However, with
ventricular rates <150 beats per minute in the absence of
ventricular dysfunction, it is more likely that the tachycardia
is secondary to the underlying condition rather than the cause
of the instability. If not hypotensive, the patient with a regular
narrow-complex SVT (likely due to suspected reentry, par-
oxysmal supraventricular tachycardia, as described below)
may be treated with adenosine while preparations are made
for synchronized cardioversion (Class IIb, LOE C).

If the patient with tachycardia is stable (ie, no serious signs
related to the tachycardia), the provider has time to obtain a
12-lead ECG, evaluate the rhythm, determine if the width of
the QRS complex is =0.12 second (Figure 4, Box 5), and
determine treatment options. Stable patients may await expert
consultation because treatment has the potential for harm.

Cardioversion

If possible, establish IV access before cardioversion and
administer sedation if the patient is conscious. Do not delay
cardioversion if the patient is extremely unstable. For further
information about defibrillation and cardioversion, see Part 6:
“Electrical Therapies.”

Synchronized Cardioversion and Unsynchronized Shocks
(Figure 4, Box 4)

Synchronized cardioversion is shock delivery that is timed
(synchronized) with the QRS complex. This synchronization
avoids shock delivery during the relative refractory period of
the cardiac cycle when a shock could produce VF.37! If
cardioversion is needed and it is impossible to synchronize a
shock, use high-energy unsynchronized shocks (defibrillation
doses).

Synchronized cardioversion is recommended to treat (1)
unstable SVT, (2) unstable atrial fibrillation, (3) unstable
atrial flutter, and (4) unstable monomorphic (regular) VT.
Shock can terminate these tachyarrhythmias by interrupting
the underlying reentrant pathway that is responsible for them.

Waveform and Energy
The recommended initial biphasic energy dose for cardiover-

sion of atrial fibrillation is 120 to 200 J (Class Ila, LOE
A).372-376 If the initial shock fails, providers should increase
the dose in a stepwise fashion.

Cardioversion of atrial flutter and other SVTs generally
requires less energy; an initial energy of 50 J to 100 J is often
sufficient.37¢ If the initial 50-J shock fails, the provider should
increase the dose in a stepwise fashion.?”” Cardioversion with
monophasic waveforms should begin at 200 J and increase in
stepwise fashion if not successful (Class IIa, LOE B).372-374

Monomorphic VT (regular form and rate) with a pulse
responds well to monophasic or biphasic waveform cardiover-
sion (synchronized) shocks at initial energies of 100 J. If there is
no response to the first shock, it may be reasonable to increase
the dose in a stepwise fashion. No studies were identified that
addressed this issue. Thus, this recommendation represents
expert opinion (Class IIb, LOE C).

Arrhythmias with a polymorphic QRS appearance (such as
torsades de pointes) will usually not permit synchronization.
Thus, if a patient has polymorphic VT, treat the rhythm as VF
and deliver high-energy unsynchronized shocks (ie, defibril-

lation doses). If there is any doubt whether monomorphic or
polymorphic VT is present in the unstable patient, do not
delay shock delivery to perform detailed rhythm analysis:
provide high-energy unsynchronized shocks (ie, defibrillation
doses). Use the ACLS Cardiac Arrest Algorithm (see Part
8.2: “Management of Cardiac Arrest”).

Regular Narrow-Complex Tachycardia

Sinus Tachycardia

Sinus tachycardia is common and usually results from a physi-
ologic stimulus, such as fever, anemia, or hypotension/shock.
Sinus tachycardia is defined as a heart rate >100 beats per
minute. The upper rate of sinus tachycardia is age-related
(calculated as approximately 220 beats per minute, minus the
patient’s age in years) and may be useful in judging whether an
apparent sinus tachycardia falls within the expected range for a
patient’s age. If judged to be sinus tachycardia, no specific drug
treatment is required. Instead, therapy is directed toward identi-
fication and treatment of the underlying cause. When cardiac
function is poor, cardiac output can be dependent on a rapid
heart rate. In such compensatory tachycardias, stroke volume is
limited, so “normalizing” the heart rate can be detrimental.

Supraventricular Tachycardia (Reentry SVT)

Evaluation. Most SVTs are regular tachycardias that are
caused by reentry, an abnormal rhythm circuit that allows a
wave of depolarization to repeatedly travel in a circle in
cardiac tissue. The rhythm is considered to be of supraven-
tricular origin if the QRS complex is narrow (<120 millisec-
onds or <0.12 second) or if the QRS complex is wide (broad)
and preexisting bundle branch block or rate-dependent aber-
rancy is known to be present. Reentry circuits resulting in
SVT can occur in atrial myocardium (resulting in atrial
fibrillation, atrial flutter, and some forms of atrial
tachycardia). The reentry circuit may also reside in whole or
in part in the AV node itself. This results in AV nodal reentry
tachycardia (AVNRT) if both limbs of the reentry circuit
involve AV nodal tissue. Alternatively, it may result in AV
reentry tachycardia (AVRT) if one limb of the reentry circuit
involves an accessory pathway and the other involves the AV
node. The characteristic abrupt onset and termination of each
of the latter groups of reentrant tachyarrhythmias (AVNRT
and AVRT) led to the original name, paroxysmal supraven-
tricular tachycardia (PSVT). This subgroup of reentry ar-
rhythmias, due to either AVNRT or AVRT, is characterized
by abrupt onset and termination and a regular rate that
exceeds the typical upper limits of sinus tachycardia at rest
(usually >150 beats per minute) and, in the case of an
AVNRT, often presents without readily identifiable P waves
on the ECG.

Distinguishing the forms of reentrant SVTs that are based in
atrial myocardium (such as atrial fibrillation) versus those with a
reentry circuit partly or wholly based in the AV node itself
(PSVT) is important because each will respond differently to
therapies aimed at impeding conduction through the AV node.
The ventricular rate of reentry arrhythmias based in atrial
myocardium will be slowed but not terminated by drugs that
slow conduction through the AV node. Conversely, reentry
arrhythmias for which at least one limb of the circuit resides in
the AV node (PSVT attributable to AVNRT or AVRT) can be
terminated by such drugs.
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Yet another group of SVTs is referred to as automatic
tachycardias. These arrhythmias are not due to a circulat-
ing circuit but to an excited automatic focus. Unlike the
abrupt pattern of reentry, the characteristic onset and
termination of these tachyarrhythmias are more gradual
and analogous to how the sinus node behaves in gradually
accelerating and slowing heart rate. These automatic ar-
rhythmias include ectopic atrial tachycardia, MAT, and
junctional tachycardia. These arrhythmias can be difficult
to treat, are not responsive to cardioversion, and are
usually controlled acutely with drugs that slow conduction
through the AV node and thereby slow ventricular rate.

Therapy

Vagal Maneuvers. Vagal maneuvers and adenosine are the
preferred initial therapeutic choices for the termination of
stable PSVT (Figure 4, Box 7). Vagal maneuvers alone
(Valsalva maneuver or carotid sinus massage) will terminate
up to 25% of PSVTs.378-380 For other SVTs, vagal maneuvers
and adenosine may transiently slow the ventricular rate and
potentially assist rhythm diagnosis but will not usually
terminate such arrhythmias.

Adenosine. If PSVT does not respond to vagal maneuvers,
give 6 mg of IV adenosine as a rapid IV push through a large
(eg, antecubital) vein followed by a 20 mL saline flush (Class
I, LOE B). If the rhythm does not convert within 1 to 2
minutes, give a 12 mg rapid IV push using the method above.
Because of the possibility of initiating atrial fibrillation with
rapid ventricular rates in a patient with WPW, a defibrillator
should be available when adenosine is administered to any
patient in whom WPW is a consideration. As with vagal
maneuvers, the effect of adenosine on other SVTs (such as
atrial fibrillation or flutter) is to transiently slow ventricular
rate (which may be useful diagnostically) but not afford their
termination or meaningful lasting rate control.

A number of studies3#!-39% support the use of adenosine in
the treatment of stable PSVT. Although 2 randomized clinical
trials383-38¢ documented a similar PSVT conversion rate be-
tween adenosine and calcium channel blockers, adenosine
was more rapid and had fewer severe side effects than
verapamil. Amiodarone as well as other antiarrhythmic
agents can be useful in the termination of PSVT, but the onset
of action of amiodarone is slower than that of adenosine,?*°
and the potential proarrhythmic risks of these agents favor the
use of safer treatment alternatives.

Adenosine is safe and effective in pregnancy.**© However,
adenosine does have several important drug interactions.
Larger doses may be required for patients with a significant
blood level of theophylline, caffeine, or theobromine. The
initial dose should be reduced to 3 mg in patients taking
dipyridamole or carbamazepine, those with transplanted
hearts, or if given by central venous access. Side effects with
adenosine are common but transient; flushing, dyspnea, and
chest discomfort are the most frequently observed.**! Aden-
osine should not be given to patients with asthma.

After conversion, monitor the patient for recurrence and
treat any recurrence of PSVT with adenosine or a longer-
acting AV nodal blocking agent (eg, diltiazem or 3-blocker).
If adenosine or vagal maneuvers disclose another form of
SVT (such as atrial fibrillation or flutter), treatment with a
longer-acting AV nodal blocking agent should be considered
to afford more lasting control of ventricular rate.
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Calcium Channel Blockers and 3-Blockers. If adenosine or
vagal maneuvers fail to convert PSVT (Figure 4, Box 7), PSVT
recurs after such treatment, or these treatments disclose a
different form of SVT (such as atrial fibrillation or flutter), it is
reasonable to use longer-acting AV nodal blocking agents, such
as the nondihydropyridine calcium channel blockers (verapamil
and diltiazem) (Class Ila, LOE B) or B-blockers (Class Ila, LOE
C). These drugs act primarily on nodal tissue either to terminate
the reentry PSVTs that depend on conduction through the AV
node or to slow the ventricular response to other SVTs by
blocking conduction through the AV node. The alternate mech-
anism of action and longer duration of these drugs may result in
more sustained termination of PSVT or afford more sustained
rate control of atrial arrhythmias (such as atrial fibrillation or
flutter). A number of studies have established the effectiveness
Of Verapami]38'*383’384386394’ 398,402—-405 and diltiazem402,406,407 in
converting PSVT to normal sinus rhythm.

For verapamil, give a 2.5 mg to 5 mg IV bolus over 2 minutes

(over 3 minutes in older patients). If there is no therapeutic
response and no drug-induced adverse event, repeated doses of
5 mg to 10 mg may be administered every 15 to 30 minutes to
a total dose of 20 mg. An alternative dosing regimen is to give
a 5 mg bolus every 15 minutes to a total dose of 30 mg.
Verapamil should be given only to patients with narrow-
complex reentry SVT or arrthythmias known with certainty to be
of supraventricular origin. Verapamil should not be given to
patients with wide-complex tachycardias. It should not be given
to patients with impaired ventricular function or heart failure.

For diltiazem, give a dose of 15 mg to 20 mg (0.25 mg/kg) IV
over 2 minutes; if needed, in 15 minutes give an additional IV
dose of 20 mg to 25 mg (0.35 mg/kg). The maintenance infusion
dose is 5 mg/hour to 15 mg/hour, titrated to heart rate.

A wide variety of IV 3-blockers are available for treatment of
supraventricular tachyarrhythmias. These include metoprolol,
atenolol, propranolol, esmolol, and labetolol (the latter more
commonly used for acute management of hypertension than for
arrhythmias). In principle these agents exert their effect by
antagonizing sympathetic tone in nodal tissue, resulting in
slowing of conduction. Like calcium channel blockers, they also
have negative inotropic effects and further reduce cardiac output
in patients with heart failure. More detailed information is
provided below. Side effects of B-blockers can include brady-
cardias, AV conduction delays, and hypotension. (3-blockers
should be used with caution in patients with obstructive pulmo-
nary disease or congestive heart failure.

Caution is advised when encountering pre-excited atrial fibril-
lation or flutter that conducts to the ventricles via both the AV
node and an accessory pathway. Treatment with an AV nodal
blocking agent (including adenosine, calcium blockers,
B-blockers, or digoxin) is unlikely to slow the ventricular rate
and in some instances may accelerate the ventricular response.
Therefore, AV nodal blocking drugs should not be used for
pre-excited atrial fibrillation or flutter (Class III, LOE C).

Caution is also advised to avoid the combination of AV nodal
blocking agents that have a longer duration of action. For
example, the short elimination half-life of adenosine affords
follow-up treatment, if required, with a calcium channel blocker
or (-blocker. Conversely the longer half-life of a calcium
channel or B-blocker means their effects will overlap; profound
bradycardia can develop if they are given serially.
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Although antiarrhythmic medications (eg, amiodarone, pro-
cainamide, or sotalol) can also be used to treat SVTs, the higher
toxicity and risk for proarrhythmia make these medications less
desirable alternatives to the described AV nodal blocking agents.
A possible exception is in patients with pre-excited atrial
arrhythmias; the typical AV nodal blocking drugs are contrain-
dicated in these patients and rate control may be achieved with
antiarrhythmic medications. Importantly, use of these agents for
atrial-based SVTs, such as atrial fibrillation and flutter can result
in their termination, which may be undesirable in the absence of
precautions to prevent the thromboembolic complications that
may result from such conversion.

Wide-Complex Tachycardia (Figure 4, Boxes 5, 6, and 7)

Evaluation

The first step in the management of any tachycardia is to
determine if the patient’s condition is stable or unstable (Figure
4, Box 3). An unstable patient with a wide-complex tachycardia
should be presumed to have VT and immediate cardioversion
should be performed (Figure 4, Box 4 and see above). Precordial
thump may be considered for patients with witnessed, moni-
tored, unstable ventricular tachycardia if a defibrillator is not
immediately ready for use (Class IIb, LOE C).

If the patient is stable, the second step in management is to
obtain a 12-lead ECG (Figure 4, Boxes 6 and 7) to evaluate
the rhythm. At this point the provider should consider the
need to obtain expert consultation. If the patient becomes
unstable at any time, proceed with synchronized cardiover-
sion or unsynchronized defibrillation should the arrhythmia
deteriorate to VF or be due to a polymorphic VT.

Wide-complex tachycardias are defined as those with a
QRS =0.12 second. The most common forms of wide-
complex tachycardia are

VT or VF

SVT with aberrancy

Pre-excited tachycardias (associated with or mediated by
an accessory pathway)

® Ventricular paced rhythms

The third step in management of a tachycardia is to
determine if the rhythm is regular or irregular. A regular
wide-complex tachycardia is likely to be VT or SVT with
aberrancy. An irregular wide-complex tachycardia may be
atrial fibrillation with aberrancy, pre-excited atrial fibrillation
(ie, atrial fibrillation using an accessory pathway for ante-
grade conduction), or polymorphic VT/torsades de pointes.
Providers should consider the need for expert consultation
when treating wide-complex tachycardias.

Therapy for Regular Wide-Complex Tachycardias
In patients with stable undifferentiated wide-QRS complex

tachycardia, a reasonable approach is to try to identify the
wide-complex tachycardia as SVT or VT and treat based on
the algorithm for that rhythm.

If the etiology of the rhythm cannot be determined, the rate is
regular, and the QRS is monomorphic, recent evidence suggests
that IV adenosine is relatively safe for both treatment and
diagnosis*’ (Class IIb, LOE B). However, adenosine should not
be given for unstable or for irregular or polymorphic wide-

complex tachycardias, as it may cause degeneration of the
arrthythmia to VF (Class III, LOE C). If the wide-complex
tachycardia proves to be SVT with aberrancy, it will likely be
transiently slowed or converted by adenosine to sinus rhythm; if
due to VT there will be no effect on rthythm (except in rare cases
of idiopathic VT), and the brevity of the transient adenosine
effect should be reasonably tolerated hemodynamically. Because
close attention to these varying responses may help to diagnose
the underlying rhythm, whenever possible, continuous ECG
recording is strongly encouraged to provide such written docu-
mentation. This documentation can be invaluable in helping to
establish a firm rhythm diagnosis even if after the fact. Typi-
cally, adenosine is administered in a manner similar to treatment
of PSVT: as a 6 mg rapid IV push; providers may follow the first
dose with a 12 mg bolus and a second 12 mg bolus if the rate
fails to convert. When adenosine is given for undifferentiated
wide-complex tachycardia, a defibrillator should be available.

Depending on the underlying rhythm, the response to adeno-
sine challenge can be variable. Some studies**8-+12 showed that
adenosine converted an undifferentiated wide-complex
tachycardia to sinus rhythm. Another study#!* showed poor rates
of conversion to sinus rhythm in patients known to have VT. The
following adverse effects were reported in patients with pre-
excited atrial fibrillation treated with adenosine: conversion to
atrial fibrillation with a rapid ventricular response in one patient
later found to have preexcitation, conversion to VF in one patient
with known WPW 44 conversion to VF in 4 patients with
pre-excited atrial fibrillation,*!> conversion to VF in 2 patients
with WPW #1¢ and a single case of VF in a patient with VT.#!7

Verapamil is contraindicated for wide-complex
tachycardias unless known to be of supraventricular origin
(Class III, LOE B). Adverse effects when the rhythm was due
to VT were shown in 5 small case series.*'#-4!8 Profound
hypotension was reported in 11 of 25 patients known to have
VT treated with verapamil.*'8

For patients who are stable with likely VT, IV antiarrhythmic
drugs or elective cardioversion is the preferred treatment strat-
egy. If IV antiarrhythmics are administered, procainamide (Class
IIa, LOE B), amiodarone (Class IIb, LOE B), or sotalol (Class
IIb, LOE B) can be considered. Procainamide and sotalol should
be avoided in patients with prolonged QT. If one of these
antiarrhythmic agents is given, a second agent should not be
given without expert consultation (Class III, LOE B). If antiar-
rhythmic therapy is unsuccessful, cardioversion or expert con-
sultation should be considered (Class Ila, LOE C).

One randomized comparison found procainamide (10 mg/kg)
to be superior to lidocaine (1.5 mg/kg) for termination of
hemodynamically stable monomorphic VT.#!° Procainamide can
be administered at a rate of 20 to 50 mg/min until the arrhythmia
is suppressed, hypotension ensues, QRS duration increases
>50%, or the maximum dose of 17 mg/kg is given. Maintenance
infusion is 1 to 4 mg/min. Procainamide should be avoided in
patients with prolonged QT and congestive heart failure.

IV sotalol (100 mg IV over 5 minutes) was found to be more
effective than lidocaine (100 mg IV over 5 minutes) when
administered to patients with spontaneous hemodynamically
stable sustained monomorphic VT in a double-blind randomized
trial within a hospital setting.#?° In a separate study of 109
patients with a history of spontaneous and inducible sustained
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ventricular tachyarrhythmias, infusing 1.5 mg/kg of sotalol over
=5 minutes was found to be relatively safe and effective,
causing hypotension in only 2 patients, both of whom responded
to IV fluid.#?! Package insert recommends slow infusion, but the
literature supports more rapid infusion of 1.5 mg/kg over 5
minutes or less. Sotalol should be avoided in patients with a
prolonged QT interval.

Amiodarone is also effective in preventing recurrent
monomorphic VT or treating refractory ventricular
arrhythmias?86-422-424 in patients with coronary artery disease
and poor ventricular function. It is given 150 mg IV over 10
minutes; dosing should be repeated as needed to a maximum
dose of 2.2 g IV per 24 hours. Higher doses (300 mg) were
associated with an increased frequency of hypotension, al-
though some reports*?>42+ attributed the hypotension to the
vasoactive solvents that are not present in a new form of the
drug recently approved for use in the US.

By comparison, lidocaine is less effective in terminating VT
than procainamide, sotalol, and amiodarone,?86419420 and when
given to patients with or without a history of MI with sponta-
neous sustained stable VT in the hospital setting.*'3425426 Lido-
caine has been reported to variably terminate VT when admin-
istered intramuscularly to patients with AMI and VT in the
out-of-hospital setting.#?7#2 Thus, while occasionally effective,
lidocaine should be considered second-line antiarrhythmic ther-
apy for monomorphic VT. Lidocaine can be administered at a
dose of 1 to 1.5 mg/kg IV bolus. Maintenance infusion is 1 to 4
mg/min (30 to 50 meg/kg per minute).

Irregular Tachycardias
Atrial Fibrillation and Flutter

Evaluation

An irregular narrow-complex or wide-complex tachycardia is
most likely atrial fibrillation (with or without aberrant conduc-
tion) with an uncontrolled ventricular response. Other diagnostic
possibilities include MAT or sinus rhythm/tachycardia with
frequent atrial premature beats. When there is doubt about the
rhythm diagnosis and the patient is stable, a 12-lead ECG with
expert consultation is recommended.

Therapy
General management of atrial fibrillation should focus on

control of the rapid ventricular rate (rate control), conversion of
hemodynamically unstable atrial fibrillation to sinus rhythm
(rhythm control), or both. Patients with an atrial fibrillation
duration of >48 hours are at increased risk for cardioembolic
events, although shorter durations of atrial fibrillation do not
exclude the possibility of such events. Electric or pharmacologic
cardioversion (conversion to normal sinus rhythm) should not be
attempted in these patients unless the patient is unstable. An
alternative strategy is to perform cardioversion following anti-
coagulation with heparin and performance of transesophageal
echocardiography to ensure the absence of a left atrial thrombus;
see the ACC/AHA Guidelines for Management of Patients with
Atrial Fibrillation.*2°

Rate Control
Patients who are hemodynamically unstable should receive
prompt electric cardioversion. More stable patients require
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ventricular rate control as directed by patient symptoms
and hemodynamics. IV B-blockers and nondihydropyri-
dine calcium channel blockers such as diltiazem*3°-433 are
the drugs of choice for acute rate control in most individ-
uals with atrial fibrillation and rapid ventricular response
(Class IIa, LOE A). Digoxin***-43¢ and amiodarone*37-43%
may be used for rate control in patients with congestive
heart failure; however, the potential risk of conversion to
sinus rhythm with amiodarone should be considered before
treating with this agent.

A wide-complex irregular rthythm should be considered pre-
excited atrial fibrillation. Expert consultation is advised. Avoid
AV nodal blocking agents such as adenosine, calcium channel
blockers, digoxin, and possibly B-blockers in patients with
pre-excitation atrial fibrillation because these drugs may cause a
paradoxical increase in the ventricular response. Typically,
patients with pre-excited atrial fibrillation present with very
rapid heart rates and require emergent electric cardioversion.
When electric cardioversion is not feasible or effective, or atrial
fibrillation is recurrent, use of rhythm control agents (discussed
below) may be useful for both rate control and stabilization of
the rhythm.

Rhythm Control
A variety of agents have been shown to be effective in

terminating atrial fibrillation (pharmacologic or chemical
cardioversion), although success between them varies and not
all are available as parenteral formulations. Expert consulta-
tion is recommended.

Polymorphic (Irregular) VT
Polymorphic (irregular) VT requires immediate defibrillation
with the same strategy used for VF.

Pharmacologic treatment to prevent recurrent polymorphic
VT should be directed by the underlying cause of VT and the
presence or absence of a long QT interval during sinus
rhythm.

If along QT interval is observed during sinus rhythm (ie, the
VT is torsades de pointes), the first step is to stop medications
known to prolong the QT interval. Correct electrolyte imbalance
and other acute precipitants (eg, drug overdose or poisoning: see
Part 12.7: “Cardiac Arrest Associated With Toxic Ingestions”).
Although magnesium is commonly used to treat torsades de
pointes VT (polymorphic VT associated with long QT interval),
it is supported by only 2 observational studies!'7-'7° that showed
effectiveness in patients with prolonged QT interval. One adult
case series**® showed that isoproterenol or ventricular pacing can
be effective in terminating torsades de pointes associated with
bradycardia and drug-induced QT prolongation. Polymorphic
VT associated with familial long QT syndrome may be treated
with IV magnesium, pacing, and/or -blockers; isoproterenol
should be avoided. Polymorphic VT associated with acquired
long QT syndrome may be treated with IV magnesium. The
addition of pacing or IV isoproterenol may be considered when
polymorphic VT is accompanied by bradycardia or appears to be
precipitated by pauses in rhythm.

In the absence of a prolonged QT interval, the most common
cause of polymorphic VT is myocardial ischemia. In this
situation IV amiodarone and (-blockers may reduce the fre-
quency of arrhythmia recurrence (Class IIb, LOE C). Myocar-
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dial ischemia should be treated with -blockers and consider-
ation be given to expeditious cardiac catheterization with
revascularization. Magnesium is unlikely to be effective in
preventing polymorphic VT in patients with a normal QT
interval (Class IIb, LOE C),'°7 but amiodarone may be effective
(Class IIb, LOE C).#40

Other causes of polymorphic VT apart from ischemia and
long QT syndrome are catecholaminergic VT (which may be
responsive to 3-blockers) and Brugada syndrome (which may
be responsive to isoproterenol).

Summary

The goal of therapy for bradycardia or tachycardia is to
rapidly identify and treat patients who are hemodynamically
unstable or symptomatic due to the arrhythmia. Drugs or,
when appropriate, pacing may be used to control unstable or
symptomatic bradycardia. Cardioversion or drugs or both
may be used to control unstable or symptomatic tachycardia.
ACLS providers should closely monitor stable patients pend-
ing expert consultation and should be prepared to aggres-
sively treat those with evidence of decompensation.
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