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dvanced cardiovascular life support (ACLS) impacts mul-

tiple key links in the chain of survival that include
interventions to prevent cardiac arrest, treat cardiac arrest, and
improve outcomes of patients who achieve return of spontane-
ous circulation (ROSC) after cardiac arrest. ACLS interventions
aimed at preventing cardiac arrest include airway management,
ventilation support, and treatment of bradyarrhythmias and
tachyarrhythmias. For the treatment of cardiac arrest, ACLS
interventions build on the basic life support (BLS) foundation of
immediate recognition and activation of the emergency response
system, early CPR, and rapid defibrillation to further increase the
likelihood of ROSC with drug therapy, advanced airway man-
agement, and physiologic monitoring. Following ROSC, sur-
vival and neurologic outcome can be improved with integrated
post—cardiac arrest care.

Part 8 presents the 2010 Adult ACLS Guidelines: 8.1:
“Adjuncts for Airway Control and Ventilation”; 8.2: “Manage-
ment of Cardiac Arrest”; and 8.3: “Management of Symptomatic
Bradycardia and Tachycardia.” Post—cardiac arrest interventions
are addressed in Part 9: “Post—Cardiac Arrest Care.”

Key changes from the 2005 ACLS Guidelines include

e Continuous quantitative waveform capnography is rec-
ommended for confirmation and monitoring of endotra-
cheal tube placement.

® Cardiac arrest algorithms are simplified and redesigned
to emphasize the importance of high-quality CPR (in-
cluding chest compressions of adequate rate and depth,
allowing complete chest recoil after each compression,
minimizing interruptions in chest compressions and
avoiding excessive ventilation).

® Atropine is no longer recommended for routine use in the
management of pulseless electrical activity (PEA)/asystole.

® There is an increased emphasis on physiologic monitoring
to optimize CPR quality and detect ROSC.

® Chronotropic drug infusions are recommended as an alter-
native to pacing in symptomatic and unstable bradycardia.

® Adenosine is recommended as a safe and potentially
effective therapy in the initial management of stable
undifferentiated regular monomorphic wide-complex
tachycardia.

Part 8.1: Adjuncts for Airway Control
and Ventilation

Overview of Airway Management
This section highlights recommendations for the support of
ventilation and oxygenation during CPR and the peri-arrest
period. The purpose of ventilation during CPR is to maintain
adequate oxygenation and sufficient elimination of carbon
dioxide. However, research has not identified the optimal
tidal volume, respiratory rate, and inspired oxygen concen-
tration required during resuscitation from cardiac arrest.
Both ventilation and chest compressions are thought to be
important for victims of prolonged ventricular fibrillation
(VF) cardiac arrest and for all victims with other presenting
rhythms. Because both systemic and pulmonary perfusion are
substantially reduced during CPR, normal ventilation-
perfusion relationships can be maintained with a minute
ventilation that is much lower than normal. During CPR with
an advanced airway in place, a lower rate of rescue breathing
is needed to avoid hyperventilation.

Ventilation and Oxygen Administration

During CPR

During low blood flow states such as CPR, oxygen delivery to
the heart and brain is limited by blood flow rather than by arterial
oxygen content.'> Therefore, rescue breaths are less important
than chest compressions during the first few minutes of resus-
citation from witnessed VF cardiac arrest and could reduce CPR
efficacy due to interruption in chest compressions and the
increase in intrathoracic pressure that accompanies positive-
pressure ventilation. Thus, during the first few minutes of
witnessed cardiac arrest a lone rescuer should not interrupt chest
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compressions for ventilation. Advanced airway placement in
cardiac arrest should not delay initial CPR and defibrillation for
VF cardiac arrest (Class I, LOE C).

Oxygen During CPR

Oxygen Administration During CPR

The optimal inspired oxygen concentration during adult CPR
has not been established in human or animal studies. In
addition, it is unknown whether 100% inspired oxygen
(F10,=1.0) is beneficial or whether titrated oxygen is better.
Although prolonged exposure to 100% inspired oxygen
(F10,=1.0) has potential toxicity, there is insufficient evi-
dence to indicate that this occurs during brief periods of adult
CPR.?-5 Empirical use of 100% inspired oxygen during CPR
optimizes arterial oxyhemoglobin content and in turn oxygen
delivery; therefore, use of 100% inspired oxygen (F10,=1.0)
as soon as it becomes available is reasonable during resusci-
tation from cardiac arrest (Class Ila, LOE C). Management of
oxygen after ROSC is discussed in Part 9: “Post-Cardiac
Arrest Care.”

Passive Oxygen Delivery During CPR
Positive-pressure ventilation has been a mainstay of CPR but

recently has come under scrutiny because of the potential for
increased intrathoracic pressure to interfere with circulation
due to reduced venous return to the heart. In the out-of-
hospital setting, passive oxygen delivery via mask with an
opened airway during the first 6 minutes of CPR provided by
emergency medical services (EMS) personnel was part of a
protocol of bundled care interventions (including continuous
chest compressions) that resulted in improved survival.6-8
When passive oxygen delivery using a fenestrated tracheal
tube (Boussignac tube) during uninterrupted physician-
managed CPR was compared with standard CPR, there was
no difference in oxygenation, ROSC, or survival to hospital
admission.”!® Chest compressions cause air to be expelled
from the chest and oxygen to be drawn into the chest
passively due to the elastic recoil of the chest. In theory,
because ventilation requirements are lower than normal
during cardiac arrest, oxygen supplied by passive delivery is
likely to be sufficient for several minutes after onset of
cardiac arrest with a patent upper airway.? At this time there
is insufficient evidence to support the removal of ventila-
tions from CPR performed by ACLS providers.

Bag-Mask Ventilation

Bag-mask ventilation is an acceptable method of providing
ventilation and oxygenation during CPR but is a challenging
skill that requires practice for continuing competency. All
healthcare providers should be familiar with the use of the
bag-mask device.!!-'2 Use of bag-mask ventilation is not recom-
mended for a lone provider. When ventilations are performed by
a lone provider, mouth-to-mouth or mouth-to-mask are more
efficient. When a second provider is available, bag-mask venti-
lation may be used by a trained and experienced provider. But
bag-mask ventilation is most effective when performed by 2
trained and experienced providers. One provider opens the
airway and seals the mask to the face while the other squeezes
the bag. Bag-mask ventilation is particularly helpful when

placement of an advanced airway is delayed or unsuccessful.
The desirable components of a bag-mask device are listed in Part
5: “Adult Basic Life Support.”

The provider should use an adult (1 to 2 L) bag and the
provider should deliver approximately 600 mL of tidal volume
sufficient to produce chest rise over 1 second.!® This volume of
ventilation is adequate for oxygenation and minimizes the risk of
gastric inflation. The provider should be sure to open the airway
adequately with a head tilt—chin lift, lifting the jaw against the
mask and holding the mask against the face, creating a tight seal.
During CPR give 2 breaths (each 1 second) during a brief (about
3 to 4 seconds) pause after every 30 chest compressions.

Bag-mask ventilation can produce gastric inflation with
complications, including regurgitation, aspiration, and pneu-
monia. Gastric inflation can elevate the diaphragm, restrict
lung movement, and decrease respiratory system
compliance.!4-1¢

Airway Adjuncts

Cricoid Pressure

Cricoid pressure in nonarrest patients may offer some measure
of protection to the airway from aspiration and gastric insuffla-
tion during bag-mask ventilation.!”2° However, it also may
impede ventilation and interfere with placement of a supraglottic
airway or intubation.?'-?7 The role of cricoid pressure during
out-of-hospital cardiac arrest and in-hospital cardiac arrest has
not been studied. If cricoid pressure is used in special circum-
stances during cardiac arrest, the pressure should be adjusted,
relaxed, or released if it impedes ventilation or advanced airway
placement. The routine use of cricoid pressure in cardiac arrest
is not recommended (Class III, LOE C).

Oropharyngeal Airways

Although studies have not specifically considered the use of
oropharyngeal airways in patients with cardiac arrest, airways
may aid in the delivery of adequate ventilation with a
bag-mask device by preventing the tongue from occluding the
airway. Incorrect insertion of an oropharyngeal airway can
displace the tongue into the hypopharynx, causing airway
obstruction. To facilitate delivery of ventilations with a
bag-mask device, oropharyngeal airways can be used in
unconscious (unresponsive) patients with no cough or gag
reflex and should be inserted only by persons trained in their
use (Class IIa, LOE C).

Nasopharyngeal Airways
Nasopharyngeal airways are useful in patients with airway
obstruction or those at risk for developing airway obstruction,
particularly when conditions such as a clenched jaw prevent
placement of an oral airway. Nasopharyngeal airways are
better tolerated than oral airways in patients who are not
deeply unconscious. Airway bleeding can occur in up to 30%
of patients following insertion of a nasopharyngeal airway.?s
Two case reports of inadvertent intracranial placement of a
nasopharyngeal airway in patients with basilar skull frac-
tures2?-30 suggest that nasopharyngeal airways should be used
with caution in patients with severe craniofacial injury.

As with all adjunctive equipment, safe use of the nasopha-
ryngeal airway requires adequate training, practice, and
retraining. No studies have specifically examined the use of

Downloaded from circ.ahajournals.org by on December 27, 2010



Neumar et al

nasopharyngeal airways in cardiac arrest patients. To facili-
tate delivery of ventilations with a bag-mask device, the
nasopharyngeal airway can be used in patients with an
obstructed airway. In the presence of known or suspected
basal skull fracture or severe coagulopathy, an oral airway is
preferred (Class IIa, LOE C).

Advanced Airways

Ventilation with a bag and mask or with a bag through an
advanced airway (eg, endotracheal tube or supraglottic air-
way) is acceptable during CPR. All healthcare providers
should be trained in delivering effective oxygenation and
ventilation with a bag and mask. Because there are times
when ventilation with a bag-mask device is inadequate,
ideally ACLS providers also should be trained and experi-
enced in insertion of an advanced airway.

Providers must be aware of the risks and benefits of
insertion of an advanced airway during a resuscitation at-
tempt. Such risks are affected by the patient’s condition and
the provider’s expertise in airway control. There are no
studies directly addressing the timing of advanced airway
placement and outcome during resuscitation from cardiac
arrest. Although insertion of an endotracheal tube can be
accomplished during ongoing chest compressions, intubation
frequently is associated with interruption of compressions for
many seconds. Placement of a supraglottic airway is a
reasonable alternative to endotracheal intubation and can be
done successfully without interrupting chest compressions.

The provider should weigh the need for minimally inter-
rupted compressions against the need for insertion of an
endotracheal tube or supraglottic airway. There is inadequate
evidence to define the optimal timing of advanced airway
placement in relation to other interventions during resuscita-
tion from cardiac arrest. In a registry study of 25006
in-hospital cardiac arrests, earlier time to invasive airway (<5
minutes) was not associated with improved ROSC but was
associated with improved 24-hour survival.?! In an urban
out-of-hospital setting, intubation that was achieved in <12
minutes was associated with better survival than intubation
achieved in =13 minutes.3?

In out-of-hospital urban and rural settings, patients intu-
bated during resuscitation had a better survival rate than
patients who were not intubated,? whereas in an in-hospital
setting, patients who required intubation during CPR had a
worse survival rate.>* A recent study® found that delayed
endotracheal intubation combined with passive oxygen deliv-
ery and minimally interrupted chest compressions was asso-
ciated with improved neurologically intact survival after
out-of-hospital cardiac arrest in patients with adult witnessed
VF/pulseless VT. If advanced airway placement will interrupt
chest compressions, providers may consider deferring inser-
tion of the airway until the patient fails to respond to initial
CPR and defibrillation attempts or demonstrates ROSC
(Class IIb, LOE C).

For a patient with perfusing rhythm who requires intuba-
tion, pulse oximetry and electrocardiographic (ECG) status
should be monitored continuously during airway placement.
Intubation attempts should be interrupted to provide oxygen-
ation and ventilation as needed.

Part 8: Adult Advanced Cardiovascular Life Support S§731

To use advanced airways effectively, healthcare providers
must maintain their knowledge and skills through frequent
practice. It may be helpful for providers to master one
primary method of airway control. Providers should have a
second (backup) strategy for airway management and venti-
lation if they are unable to establish the first-choice airway
adjunct. Bag-mask ventilation may serve as that backup
strategy.

Once an advanced airway is inserted, providers should
immediately perform a thorough assessment to ensure that it
is properly positioned. This assessment should not interrupt
chest compressions. Assessment by physical examination
consists of visualizing chest expansion bilaterally and listen-
ing over the epigastrium (breath sounds should not be heard)
and the lung fields bilaterally (breath sounds should be equal
and adequate). A device also should be used to confirm
correct placement (see the section “Endotracheal Intubation”
below).

Continuous waveform capnography is recommended in
addition to clinical assessment as the most reliable method of
confirming and monitoring correct placement of an endotra-
cheal tube (Class I, LOE A). Providers should observe a
persistent capnographic waveform with ventilation to confirm
and monitor endotracheal tube placement in the field, in the
transport vehicle, on arrival at the hospital, and after any
patient transfer to reduce the risk of unrecognized tube
misplacement or displacement.

The use of capnography to confirm and monitor correct
placement of supraglottic airways has not been studied, and
its utility will depend on airway design. However, effective
ventilation through a supraglottic airway device should result
in a capnograph waveform during CPR and after ROSC.

Once an advanced airway is in place, the 2 providers
should no longer deliver cycles of CPR (ie, compressions
interrupted by pauses for ventilation) unless ventilation is
inadequate when compressions are not paused. Instead the
compressing provider should give continuous chest compres-
sions at a rate of at least 100 per minute, without pauses for
ventilation. The provider delivering ventilation should pro-
vide 1 breath every 6 to 8 seconds (8 to 10 breaths per
minute). Providers should avoid delivering an excessive
ventilation rate because doing so can compromise venous
return and cardiac output during CPR. The 2 providers should
change compressor and ventilator roles approximately every
2 minutes to prevent compressor fatigue and deterioration in
quality and rate of chest compressions. When multiple
providers are present, they should rotate the compressor role
about every 2 minutes.

Supraglottic Airways

Supraglottic airways are devices designed to maintain an open
airway and facilitate ventilation. Unlike endotracheal intubation,
intubation with a supraglottic airway does not require visualiza-
tion of the glottis, so both initial training and maintenance of
skills are easier. Also, because direct visualization is not neces-
sary, a supraglottic airway is inserted without interrupting
compressions. Supraglottic airways that have been studied in
cardiac arrest are the laryngeal mask airway (LMA), the
esophageal-tracheal tube (Combitube) and the laryngeal tube
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(Laryngeal Tube or King LT). When prehospital providers are
trained in the use of advanced supraglottic airways such as the
esophageal-tracheal tube, laryngeal tube, and the laryngeal mask
airway, they appear to be able to use these devices safely and can
provide ventilation that is as effective as that provided with a bag
and mask or an endotracheal tube.!235-41

Advanced airway interventions are technically compli-
cated. Failure can occur; thus maintenance of skills through
frequent experience or practice is essential.#? It is important to
remember that there is no evidence that advanced airway
measures improve survival rates in the setting of out-of-
hospital cardiac arrest. During CPR performed by providers
trained in its use, the supraglottic airway is a reasonable
alternative to bag-mask ventilation (Class IIa, LOE B) and
endotracheal intubation (Class I1a, LOE A).

Esophageal-Tracheal Tube
The advantages of the esophageal-tracheal tube (Combitube) are

similar to the advantages of the endotracheal tube when either is
compared with bag-mask ventilation: isolation of the airway,
reduced risk of aspiration, and more reliable ventilation. The
advantages of the esophageal-tracheal tube over the endotracheal
tube are related chiefly to ease of training.'>43 Ventilation and
oxygenation with the esophageal-tracheal tube compare favor-
ably with those achieved with the endotracheal tube.*

In several controlled clinical trials involving both in-
hospital and out-of-hospital resuscitation of adults, providers
with all levels of experience were able to insert the
esophageal-tracheal tube and deliver ventilation comparable
to that achieved with endotracheal intubation.3>45-48 In a
retrospective study no difference in outcome was observed in
patients treated with the esophageal-tracheal tube compared
with those treated with endotracheal intubation.®® The
esophageal-tracheal tube is reported to provide successful
ventilation during CPR in 62% to 100% of patients.3545-49
For healthcare professionals trained in its use, the esophageal-
tracheal tube is an acceptable alternative to both bag-mask
ventilation (Class Ila, LOE C) or endotracheal intubation
(Class Ila, LOE A) for airway management in cardiac arrest.

Fatal complications may occur with use of the esophageal-
tracheal tube if the position of the distal lumen of the
esophageal-tracheal tube in the esophagus or trachea is identified
incorrectly. For this reason, confirmation of tube placement is
essential. Other possible complications related to the use of the
esophageal-tracheal tube are esophageal trauma, including lac-
erations, bruising, and subcutaneous emphysema.*>-50-5!

Laryngeal Tube
The advantages of the laryngeal tube (Laryngeal Tube or

King LT) are similar to those of the esophageal-tracheal tube;
however, the laryngeal tube is more compact and less
complicated to insert (unlike the esophageal-tracheal tube, the
laryngeal tube can only go into the esophagus). At this time
there are limited data published on the use of the laryngeal
tube in cardiac arrest.#%#1:52:53 In one case series assessing 40
out-of-hospital cardiac arrest patients, insertion of the laryn-
geal tube by trained paramedics was successful and ventila-
tion was effective in 85% of patients.#! For 3 patients,
ventilation was ineffective because of cuff rupture; for 3 other

patients, ventilation was ineffective because of massive
regurgitation and aspiration before laryngeal tube placement.

Another out-of-hospital assessment of 157 attempts at laryn-
geal tube placement revealed a 97% success rate in a mixed
population of cardiac arrest and noncardiac arrest patients.*® For
healthcare professionals trained in its use, the laryngeal tube may
be considered as an alternative to bag-mask ventilation (Class
IIb, LOE C) or endotracheal intubation for airway management
in cardiac arrest (Class IIb, LOE C).

Laryngeal Mask Airway

The laryngeal mask airway provides a more secure and reliable
means of ventilation than the face mask.>*>5 Although the
laryngeal mask airway does not ensure absolute protection
against aspiration, studies have shown that regurgitation is less
likely with the laryngeal mask airway than with the bag-mask
device and that aspiration is uncommon. When compared with
the endotracheal tube, the laryngeal mask airway provides
equivalent ventilation*-5%; successful ventilation during CPR has
been reported in 72% to 97% of patients.36-37:44.56-58

Because insertion of the laryngeal mask airway does not
require laryngoscopy and visualization of the vocal cords,
training in its placement and use is simpler than that for
endotracheal intubation. The laryngeal mask airway also may
have advantages over the endotracheal tube when access to
the patient is limited,>*°° there is a possibility of unstable
neck injury,®' or appropriate positioning of the patient for
endotracheal intubation is impossible.

Results from studies in anesthetized patients comparing the
laryngeal mask airway with endotracheal intubation, as well
as additional studies comparing it with other airways or
ventilation techniques support the use of the laryngeal mask
airway for airway control in a variety of settings by nurses,
respiratory therapists, and EMS personnel, many of whom
had not previously used this device.!2-39:44.55.62-65

After successful insertion, a small proportion of patients
cannot be ventilated with the laryngeal mask airway.'>4+5> With
this in mind, it is important for providers to have an alternative
strategy for airway management. Providers who insert the
laryngeal mask airway should receive adequate initial training
and then should practice insertion of the device regularly.
Success rates and the occurrence of complications should be
monitored closely. For healthcare professionals trained in its use,
the laryngeal mask airway is an acceptable alternative to bag-
mask ventilation (Class Ila, LOE B) or endotracheal intubation
(Class IIa, LOE C) for airway management in cardiac arrest.

Endotracheal Intubation
The endotracheal tube was once considered the optimal

method of managing the airway during cardiac arrest. How-
ever, intubation attempts by unskilled providers can produce
complications, such as trauma to the oropharynx, interruption
of compressions and ventilations for unacceptably long peri-
ods, and hypoxemia from prolonged intubation attempts or
failure to recognize tube misplacement or displacement. It is
now clear that the incidence of complications is unacceptably
high when intubation is performed by inexperienced provid-
ers or monitoring of tube placement is inadequate. The
optimal method of managing the airway during cardiac arrest
will vary based on provider experience, characteristics of the
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EMS or healthcare system, and the patient’s condition.
Frequent experience or frequent retraining is recommended
for providers who perform endotracheal intubation (Class I,
LOE B).31:¢¢ EMS systems that perform prehospital intuba-
tion should provide a program of ongoing quality improve-
ment to minimize complications (Class Ila, LOE B).

No prospective randomized clinical trials have performed a
direct comparison of bag-mask ventilation versus endotra-
cheal intubation in adult victims of cardiac arrest. One
prospective, randomized controlled trial in an EMS system
with short out-of-hospital transport intervals®” showed no
survival advantage for endotracheal intubation over bag-mask
ventilation in children; providers in this study had limited
training and experience in intubation.

The endotracheal tube keeps the airway patent, permits
suctioning of airway secretions, enables delivery of a high
concentration of oxygen, provides an alternative route for the
administration of some drugs, facilitates delivery of a selected
tidal volume, and, with use of a cuff, may protect the airway
from aspiration.

Indications for emergency endotracheal intubation are (1)
the inability of the provider to ventilate the unconscious
patient adequately with a bag and mask and (2) the absence of
airway protective reflexes (coma or cardiac arrest). The
provider must have appropriate training and experience in
endotracheal intubation.

During CPR providers should minimize the number and
duration of interruptions in chest compressions, with a goal to
limit interruptions to no more than 10 seconds. Interruptions for
supraglottic airway placement should not be necessary at all,
whereas interruptions for endotracheal intubation can be mini-
mized if the intubating provider is prepared to begin the
intubation attempt—ie, insert the laryngoscope blade with the
tube ready at hand—as soon as the compressing provider pauses
compressions. Compressions should be interrupted only for the
time required by the intubating provider to visualize the vocal
cords and insert the tube; this is ideally less than 10 seconds. The
compressing provider should be prepared to resume chest
compressions immediately after the tube is passed through the
vocal cords. If the initial intubation attempt is unsuccessful, a
second attempt may be reasonable, but early consideration
should be given to using a supraglottic airway.

In retrospective studies, endotracheal intubation has been
associated with a 6% to 25% incidence of unrecognized tube
misplacement or displacement.®®-7> This may reflect inade-
quate initial training or lack of experience on the part of the
provider who performed intubation, or it may have resulted
from displacement of a correctly positioned tube when the
patient was moved. The risk of tube misplacement, displace-
ment, or obstruction is high,%7-7° especially when the patient is
moved.”® Thus, even when the endotracheal tube is seen to
pass through the vocal cords and tube position is verified by
chest expansion and auscultation during positive-pressure
ventilation, providers should obtain additional confirmation
of placement using waveform capnography or an exhaled
CO, or esophageal detector device (EDD).7*

The provider should use both clinical assessment and
confirmation devices to verify tube placement immediately
after insertion and again when the patient is moved. However,

Part 8: Adult Advanced Cardiovascular Life Support S$733

no single confirmation technique is completely reliable.”>-7¢
Continuous waveform capnography is recommended in addi-
tion to clinical assessment as the most reliable method of
confirming and monitoring correct placement of an endotra-
cheal tube (Class I, LOE A).

If waveform capnography is not available, an EDD or
nonwaveform exhaled CO, monitor in addition to clinical
assessment is reasonable (Class Ila, LOE B). Techniques to
confirm endotracheal tube placement are further discussed
below.

Clinical Assessment to Confirm Tube Placement
Providers should perform a thorough assessment of endotra-

cheal tube position immediately after placement. This assess-
ment should not require interruption of chest compressions.
Assessment by physical examination consists of visualizing
chest expansion bilaterally and listening over the epigastrium
(breath sounds should not be heard) and the lung fields
bilaterally (breath sounds should be equal and adequate). A
device should also be used to confirm correct placement in
the trachea (see below). If there is doubt about correct tube
placement, use the laryngoscope to visualize the tube passing
through the vocal cords. If still in doubt, remove the tube and
provide bag-mask ventilation until the tube can be replaced.

Use of Devices to Confirm Tube Placement
Providers should always use both clinical assessment and

devices to confirm endotracheal tube location immediately
after placement and throughout the resuscitation. Two studies
of patients in cardiac arrest’>’” demonstrated 100% sensitiv-
ity and 100% specificity for waveform capnography in
identifying correct endotracheal tube placement in victims of
cardiac arrest. However, 3 studies demonstrated 64% sensi-
tivity and 100% specificity when waveform capnography was
first used for victims with prolonged resuscitation and trans-
port times.”8-30 All confirmation devices should be consid-
ered adjuncts to other confirmation techniques.

Exhaled CO, Detectors. Detection of exhaled CO, is one of
several independent methods of confirming endotracheal tube
position. Studies of waveform capnography to verify endo-
tracheal tube position in victims of cardiac arrest have shown
100% sensitivity and 100% specificity in identifying correct
endotracheal tube placement.”>77:81-88 Continuous waveform
capnography is recommended in addition to clinical assess-
ment as the most reliable method of confirming and moni-
toring correct placement of an endotracheal tube (Class I,
LOE A).

Given the simplicity of colorimetric and nonwaveform
exhaled CO, detectors, these methods can be used in addition
to clinical assessment as the initial method for confirming
correct tube placement in a patient in cardiac arrest when
waveform capnography is not available (Class IIa, LOE B).
However, studies of colorimetric exhaled CO, detectors$®—9+
and nonwaveform PETCO, capnometers’”-3-90-95 indicate that
the accuracy of these devices does not exceed that of ausculta-
tion and direct visualization for confirming the tracheal position
of an endotracheal tube in victims of cardiac arrest.

When exhaled CO, is detected (positive reading for CO,)
in cardiac arrest, it is usually a reliable indicator of tube
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position in the trachea. False-positive readings (ie, CO, is
detected but the tube is located in the esophagus) have been
observed in animals after ingestion of large amounts of
carbonated liquids before the arrest; however, the waveform
does not continue during subsequent breaths.%®

False-negative readings (defined in this context as failure
to detect CO, despite tube placement in the trachea) may be
present during cardiac arrest for several reasons. The most
common is that blood flow and delivery of CO, to the lungs
is low. False-negative results also have been reported in
association with pulmonary embolus because pulmonary
blood flow and delivery of CO, to the lungs are reduced. If
the detector is contaminated with gastric contents or acidic
drugs (eg, endotracheally administered epinephrine), a color-
imetric device may display a constant color rather than
breath-to-breath color change. In addition, elimination and
detection of CO, can be drastically reduced with severe
airway obstruction (eg, status asthmaticus) and pulmonary
edema.”397-98 For these reasons, if CO, is not detected, we
recommend that a second method be used to confirm endo-
tracheal tube placement, such as direct visualization or the
esophageal detector device.

Use of CO,-detecting devices to determine the correct
placement of other advanced airways (eg, Combitube, laryn-
geal mask airway) has not been studied; their utility will
depend on airway design. However, effective ventilation
through a supraglottic airway device should result in capno-
graph waveform during CPR and after ROSC.

Esophageal Detector Devices. The EDD consists of a bulb
that is compressed and attached to the endotracheal tube. If the
tube is in the esophagus (positive result for an EDD), the suction
created by the EDD will collapse the lumen of the esophagus or
pull the esophageal tissue against the tip of the tube, and the bulb
will not re-expand. The EDD may also consist of a syringe that
is attached to the endotracheal tube; the provider attempts to pull
the barrel of the syringe. If the tube is in the esophagus, it will
not be possible to pull the barrel (aspirate air) with the syringe.

However, studies of the syringe aspiration EDD79-%° and
the self-inflating bulb EDD78-80 indicate that the accuracy
of these devices does not exceed that of auscultation and
direct visualization for confirming the tracheal position of
an endotracheal tube in victims of cardiac arrest. Given the
simplicity of the EDD, it can be used as the initial
method for confirming correct tube placement in addition
to clinical assessment in the victim of cardiac arrest when
waveform capnography is not available (Class Ila, LOE
B).

The EDD may yield misleading results in patients with
morbid obesity, late pregnancy, or status asthmaticus, or
when there are copious endotracheal secretions,!°%-1°! because
the trachea tends to collapse in the presence of these condi-
tions. There is no evidence that the EDD is accurate for the
continued monitoring of endotracheal tube placement.

Thoracic Impedance. Transthoracic impedance is slightly but
significantly higher during inspiration than during exhala-
tion.'92 Air is a poor electric conductor. Preliminary studies
suggest that changes in thoracic impedance, as measured

through standard defibrillation pads, may distinguish tracheal
from esophageal intubations.!03-105

There are 2 published reports involving 6 patients where
ventilation-induced changes in thoracic impedance disap-
peared after esophageal intubation.!%197 There is little evi-
dence for the use of thoracic impedance in diagnosing
adequacy of ventilation during CPR. Treatment decisions
should not be based solely on thoracic impedance measure-
ments until further study has confirmed its utility and accu-
racy in this population.

Postintubation Airway Management
After inserting and confirming correct placement of an

endotracheal tube, the provider should record the depth of
the tube as marked at the front teeth or gums and secure it.
There is significant potential for endotracheal tube move-
ment with head flexion and extension!%8-110 and when the
patient is moved from one location to another.'!'!.112
Continuous monitoring of endotracheal tube placement
with waveform capnography is recommended as discussed
above. The endotracheal tube should be secured with tape
or a commercial device (Class I, LOE C). Devices and tape
should be applied in a manner that avoids compression of
the front and sides of the neck, which may impair venous
return from the brain.

One out-of-hospital study!''? and 2 studies in an intensive-
care setting!'!+!!5 indicate that backboards, commercial de-
vices for securing the endotracheal tube, and other strategies
provide equivalent methods for preventing inadvertent tube
displacement when compared with traditional methods of
securing the tube (tape). These devices may be considered
during patient transport (Class IIb, LOE C). After tube
confirmation and fixation, obtain a chest x-ray (when feasi-
ble) to confirm that the end of the endotracheal tube is
properly positioned above the carina.

Ventilation After Advanced Airway Placement
Except for respiratory rate, it is unknown whether monitoring

ventilatory parameters (eg, minute ventilation, peak pressure)
during CPR will influence outcome. However, positive-
pressure ventilation increases intrathoracic pressure and may
reduce venous return and cardiac output, especially in pa-
tients with hypovolemia or obstructive airway disease. Ven-
tilation at high respiratory rates (>25 breaths per minute) is
common during resuscitation from cardiac arrest.''®!''7 In
animal models, slower ventilation rates (6 to 12 breaths per
minute) are associated with improved hemodynamic param-
eters and short-term survival.!16.118-124

Because cardiac output is lower than normal during
cardiac arrest, the need for ventilation is reduced. Follow-
ing placement of an advanced airway, the provider deliv-
ering ventilations should perform 1 breath every 6 to 8
seconds (8 to 10 breaths per minute) without pausing in
applying chest compressions (unless ventilation is inade-
quate when compressions are not paused) (Class IIb, LOE
C). Monitoring respiratory rate coupled with real-time
feedback during CPR may result in better compliance with
ventilation guidelines.'?>
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Automatic Transport Ventilators
In both out-of-hospital and in-hospital settings, automatic

transport ventilators (ATVs) can be useful for ventilation
of adult patients in noncardiac arrest who have an ad-
vanced airway in place (Class IIb, LOE C). There are very
few studies evaluating the use of ATVs attached to
advanced airways during ongoing resuscitative efforts.
During prolonged resuscitative efforts the use of an ATV
(pneumatically powered and time- or pressure-cycled) may
allow the EMS team to perform other tasks while provid-
ing adequate ventilation and oxygenation (Class IIb, LOE
C).126.127 Providers should always have a bag-mask device
available for backup.

Suction Devices

Both portable and installed suction devices should be
available for resuscitation emergencies. Portable units
should provide adequate vacuum and flow for pharyngeal
suction. The suction device should be fitted with large-
bore, nonkinking suction tubing and semirigid pharyngeal
tips. Several sterile suction catheters of various sizes
should be available for suctioning the lumen of the
advanced airway, along with a nonbreakable collection
bottle and sterile water for cleaning tubes and catheters.
The installed suction unit should be powerful enough to
provide an airflow of >40 L/min at the end of the delivery
tube and a vacuum of >300 mm Hg when the tube is
clamped. The amount of suction should be adjustable for
use in children and intubated patients.

Summary

All basic and advanced healthcare providers should be able
to provide ventilation with a bag-mask device during CPR
or when the patient demonstrates cardiorespiratory com-
promise. Airway control with an advanced airway, which
may include an endotracheal tube or a supraglottic airway
device, is a fundamental ACLS skill. Prolonged interrup-
tions in chest compressions should be avoided during
advanced airway placement. All providers should be able
to confirm and monitor correct placement of advanced
airways; this key skill is required to ensure the safe and
effective use of these devices. Training, frequency of use,
and monitoring of success and complications are more
important than the choice of a specific advanced airway
device for use during CPR.

Part 8.2: Management of Cardiac Arrest

Overview

This section details the general care of a patient in cardiac
arrest and provides an overview of the 2010 ACLS Adult
Cardiac Arrest Algorithms (Figures 1 and 2). Cardiac
arrest can be caused by 4 rhythms: ventricular fibrillation
(VF), pulseless ventricular tachycardia (VT), pulseless
electric activity (PEA), and asystole. VF represents disor-
ganized electric activity, whereas pulseless VT represents
organized electric activity of the ventricular myocardium.
Neither of these rhythms generates significant forward
blood flow. PEA encompasses a heterogeneous group of
organized electric rhythms that are associated with either
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absence of mechanical ventricular activity or mechanical
ventricular activity that is insufficient to generate a clini-
cally detectable pulse. Asystole (perhaps better described
as ventricular asystole) represents absence of detectable
ventricular electric activity with or without atrial electric
activity.

Survival from these cardiac arrest rhythms requires both
basic life support (BLS) and a system of advanced cardio-
vascular life support (ACLS) with integrated post—cardiac
arrest care. The foundation of successful ACLS is high-
quality CPR, and, for VF/pulseless VT, attempted defibrillation
within minutes of collapse. For victims of witnessed VF arrest,
early CPR and rapid defibrillation can significantly increase the
chance for survival to hospital discharge.'?8-133 In comparison,
other ACLS therapies such as some medications and advanced
airways, although associated with an increased rate of ROSC,
have not been shown to increase the rate of survival to hospital
discharge.3!33-134-138 The majority of clinical trials testing these
ACLS interventions, however, preceded the recently renewed
emphasis on high-quality CPR and advances in post—cardiac
arrest care (see Part 9: “Post—Cardiac Arrest Care”). There-
fore, it remains to be determined if improved rates of ROSC
achieved with ACLS interventions might better translate into
improved long-term outcomes when combined with higher-
quality CPR and post—cardiac arrest interventions such as
therapeutic hypothermia and early percutaneous coronary
intervention (PCI).

The 2010 ACLS Adult Cardiac Arrest Algorithms (Fig-
ures 1 and 2) are presented in the traditional box-and-line
format and a new circular format. The 2 formats are
provided to facilitate learning and memorization of the
treatment recommendations discussed below. Overall these
algorithms have been simplified and redesigned to empha-
size the importance of high-quality CPR that is fundamen-
tal to the management of all cardiac arrest rhythms.
Periodic pauses in CPR should be as brief as possible and
only as necessary to assess rhythm, shock VF/VT, perform
a pulse check when an organized rhythm is detected, or
place an advanced airway. Monitoring and optimizing
quality of CPR on the basis of either mechanical parame-
ters (chest compression rate and depth, adequacy of
relaxation, and minimization of pauses) or, when feasible,
physiologic parameters (partial pressure of end-tidal CO,
[PETCO,], arterial pressure during the relaxation phase of
chest compressions, or central venous oxygen saturation
[Scvo,]) are encouraged (see “Monitoring During CPR”
below). In the absence of an advanced airway, a synchro-
nized compression—ventilation ratio of 30:2 is recom-
mended at a compression rate of at least 100 per minute.
After placement of a supraglottic airway or an endotra-
cheal tube, the provider performing chest 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
particularly careful to avoid delivering an excessive num-
ber of ventilations (see Part 8.1: “Adjuncts for Airway
Control and Ventilation™).
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Figure 1. ACLS Cardiac Arrest Algorithm.

In addition to high-quality CPR, the only rhythm-specific ventions during cardiac arrest may be associated with an
therapy proven to increase survival to hospital discharge is increased rate of ROSC but have not yet been proven to
defibrillation of VF/pulseless VT. Therefore, this intervention increase survival to hospital discharge. Therefore, they are
is included as an integral part of the CPR cycle when the recommended as considerations and should be performed
rhythm check reveals VF/pulseless VT. Other ACLS inter- without compromising quality of CPR or timely defibril-
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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 rthythm 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
Hypothermia

Tension pneumothorax
Thrombosis, pulmonary
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 rthythm 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 IIb, 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.!4!

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.’#! A
reduction of even a few seconds in the interval from pausing
compressions to shock delivery can increase the probability
of shock success.!4?

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'45146 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.!41.147-166 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.®*!67-177 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-!87 Fibrino-
Iytic therapy administered during CPR for acute coronary
occlusion has not been shown to improve outcome.'s8

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.'s* 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.!08:190-195 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 AJthough 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?93-204 and have difficulty determining if a pulse is
present or absent.203-205 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.?05-207

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.208
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 l