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 1 Brain adenosine triphosphate is depleted after 4 to 6 minutes of 
no blood low. It returns nearly to normal within 6 minutes of 
starting effective cardiopulmonary resuscitation (CPR).

 2 Through living wills and other instruments, patients have 
begun placing limitations on medical treatment to include do 
not resuscitate orders.

 3 The major components of resuscitation from cardiac arrest 
are airway, breathing, circulation, drugs, and electrical therapy 
(ABCDE).

 4 Two theories for the mechanism of blood low during closed-chest 
compression have been suggested: cardiac pump and thoracic 
pump.

 5 During CPR, myocardial perfusion is 20% to 50% of normal, 
whereas cerebral perfusion is maintained at 50% to 90% of normal.

 6 CPR has limited success, with only approximately 40% of 
victims being admitted to the hospital and 10% surviving to 
discharge.

 7 End-tidal carbon dioxide has been found to be an excellent 
noninvasive guide to the adequacy of closed-chest compressions.

 8 Effective uninterrupted chest compressions and deibrillation, 
if appropriate, should take precedence over medications.

 9 Although there is some evidence of improved early resuscitation 
in humans, there is no strong evidence that vasopressors 
improve long-term survival in human cardiac arrest.

 10 After vasopressors, the drugs most likely to be of beneit during 
CPR are those that help suppress ectopic ventricular rhythms.

 11 Ventricular ibrillation is the most common electrocardiogram 
pattern found during witnessed sudden cardiac arrest in 
adults.

 12 Untreated ventricular ibrillation is a time-sensitive model 
with three phases: electrical, circulatory, and metabolic.

 13 Arrest is less likely to be a sudden event and more likely related 
to progressive deterioration of respiratory and circulatory 
function in the pediatric age group.

 14 For optimal outcome, successful restoration of spontaneous 
circulation must be followed by correction of reversible causes 
of arrest, including immediate coronary reperfusion and 
aggressive supportive care.

Ke y Points

Mult imedia
  1 Adult Bradycardia Algorithm    2 Tachycardia Algorithm
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Treatment of cardiac and respiratory arrest is an integral part of 
anesthesia practice. The American Board of Anesthesiology indi-
cates in its Booklet of Information that the “clinical management 
and teaching of cardiac, pulmonary and neurologic resuscitation” 
are some of the activities that deine the specialty of anesthesi-
ology. The cardiopulmonary physiology and pharmacology that 
form the basis of anesthesia practice are applicable to treating the 
victim of cardiac arrest. However, there is specialized knowledge 
relating to blood low, ventilation, and pharmacology under the 
conditions of a cardiac arrest that must be understood to main-
tain leadership of the modern cardiopulmonary resuscitation 
(CPR) team. This chapter concentrates on those aspects of CPR 
that are different from the more common circumstances requir-
ing cardiovascular support (e.g., shock, dysrhythmias).

HISTORY

Anesthesiologists have contributed many of the elements of mod-
ern CPR and continue to be active investigators and teachers in 
the ield. Discoveries leading to current CPR practice have a long 
history recorded in many famous works.1,2 The earliest refer-
ence may be the Bible story of Elisha breathing life back into the  
son of a Shunammite woman (2 Kings 4:34). In 1543, Andreas 
Vesalius3 described tracheotomy and artiicial ventilation. Wil-
liam Harvey’s manual manipulation of the heart is well known. 
Early teaching of resuscitation was organized by the Society for 
the Recovery of Persons Apparently Drowned, founded in Lon-
don in 1774. The combined techniques of modern CPR developed 
primarily from the fortuitous assemblage of innovative clinicians 
and researchers in Baltimore in the 1950s and early 1960s. Build-
ing on the long history of contributions from around the world, 
these investigators laid the framework for current CPR practice. 
In the late 1950s, mouth-to-mouth ventilation was established as 
the only effective means of artiicial ventilation.4–7 The internal 
deibrillator was developed in 1933,8 but it was not applied suc-
cessfully until 1947.9 It was another decade before general use was 
made possible by the development of external cross-chest dei-
brillation.10,11 Despite these advances, widespread resuscitation 
from cardiac arrest was not possible until Kouwenhoven et al.12 
described success with closed-chest cardiac massage in a series of 
patients. The inal major component of modern CPR was added 
in 1963, when Redding and Pearson13 described the improved 
success obtained by administering vasopressor drugs.

SCOpE OF THE pRObLEM

Cardiovascular disease remains the most common cause of death 
in the industrialized world. Although cardiovascular mortality 
has been declining in the United States since the mid-1960s, >35% 
of all deaths are due to cardiovascular causes.14 Of the 860,000 
annual cardiovascular deaths, approximately half are related to 
coronary artery disease, the majority are sudden deaths and 70% 
occur out of the hospital or in hospital emergency departments. 
Thus, CPR teaching and research tend to focus on myocardial 
ischemia as the primary cause of cardiac arrest. However, anes-
thesiologists are more likely than other practitioners to deal with 
causes other than myocardial infarction. CPR is symptomatic 
therapy, aimed at sustaining vital organ function until natural 
cardiac function is restored. The details of effective resuscitation 
technique are important. However, search for a remediable cause 
of the arrest must not be lost in excessive attention to mechanics.

Brain adenosine triphosphate (ATP) is depleted after 4 to 6 
minutes of no blood low. It returns nearly to normal within 6 
minutes of starting effective CPR. Studies in animals suggest that 
good neurologic outcome may be possible from 10- to 15-minute 
periods of normothermic cardiac arrest if good circulation is 
promptly restored.15,16 In clinical practice, the severity of the 
underlying cardiac disease is the major determining factor in the 
success or failure of resuscitation attempts. Of those factors under 
control of the rescuers, poor outcomes are associated with long 
arrest times before CPR is begun, prolonged ventricular ibrilla-
tion (VF) without deinitive therapy, and inadequate coronary and 
cerebral perfusion during cardiac massage. CPR begun by bystand-
ers can more than double survival.17 However, bystanders provide 
CPR only 25% to 30% of the time in sudden cardiac arrest. Opti-
mum outcome from VF is obtained only if basic life support is 
begun within 4 minutes of arrest and deibrillation applied within 
8 minutes.18 The importance of early deibrillation has been known 
for decades and is emphasized in CPR practice.19,20 What is not as 
well recognized is the tendency to interrupt chest compressions 
frequently during a resuscitation attempt. Studies of emergency 
medical systems suggest that chest compressions are performed 
<50% of the time during a typical out-of-hospital resuscitation, 
being interrupted for pulse checks, intubations, starting intrave-
nous catheters, deibrillation attempts, and moving the victim.21 
Because blood low falls rapidly with cessation of compressions 
and resumes slowly with reinstitution of compressions, these inter-
ruptions are a major contributor to poor survival rates.

With an effective rapid-response emergency medical system, 
initial resuscitation rates of 40% and survival to hospital dis-
charge of 10% to 15% are possible after out-of-hospital arrests,18,20 
although the median reported survival to discharge with any irst 
recorded rhythm is 6.4%.22 Rates for survival to discharge from 
in-hospital arrest are about 18% in adults and 27% in children.23 
Within the hospital, the operating room is the location where 
CPR has the highest rate of success. Cardiac arrest occurs appro-
ximately 7 times for every 10,000 anesthetics.24 The cause for the 
arrest is anesthesia related, approximately 4.5 times for every 
10,000 anesthetics, but mortality from these arrests is only 0.4 per 
10,000 anesthetics. Thus, resuscitation is successful approximately 
90% of the time in anesthesia-related cardiac arrests.

ETHICAL ISSUES: DO NOT RESUSCITATE 

ORDERS IN THE OpERATINg ROOM

Although institution of CPR is standard medical care when an 
individual is found pulseless, terminally ill patients have become 
increasingly concerned about inappropriate application of life-
sustaining procedures, including CPR. Through living wills and 
other instruments, patients have begun placing limitations on 
medical treatment to include do not resuscitate (DNR) orders. 
Such requests are generally accepted, even welcomed, by health 
care workers. However, the operating room is one area of the 
hospital where DNR orders continue to cause ethical conlicts 
between medical personnel and patients.25,26 There are ethically 
sound arguments on both sides of the issue as to whether DNR 
orders should be upheld in the operating room.

The patient’s right to limit medical treatment, including refus-
ing CPR, is irmly established in modern medical practice based 
on the ethical principle of respect for patient autonomy. A termi-
nally ill patient can reject heroic measures such as resuscitation 
and still choose palliative therapy. If a surgical intervention will 
ameliorate symptoms or improve quality of life, there is no reason 
to withhold this treatment. Operative intervention increases the 
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risk of cardiac arrest, and the patient may not want the burden of 
surviving in a worse condition than preoperatively. The possibil-
ity of death under anesthesia may be viewed as especially peaceful. 
Thus, the time that the DNR order provides the greatest protec-
tion against unwanted intervention is during surgery.

Despite these rather strong arguments for treating a DNR status 
in the operating room the same way it is treated elsewhere in the 
hospital, many operating room personnel are at least a little uneasy 
caring for these patients. Many surgeons require that DNR orders 
be suspended during the perioperative period or assume consent to 
surgery includes such suspension. There are multiple reasons for 
the reluctance to accept DNR status during surgery and anesthesia. 
Approximately 75% of cardiac arrests in the operating room are 
related to a surgical or anesthetic complication, and resuscitative 
attempts are highly successful.24 Ethically, surgeons and anesthesi-
ologists feel responsible for what happens to patients in the operat-
ing room: primum non nocere (irst, do no harm). Although the 
physicians are highly diligent in monitoring and managing changes 
in the patient’s status, complications and arrests do occur. Honor-
ing a DNR order under these circumstances is frequently viewed 
as failure to treat a reversible process, and hence, tantamount to 
killing. This is an ethically sound view if the cause of arrest is readily 
identiiable and easily reversible and if treatment is likely to allow 
the patient to fulill the objectives of coming to surgery.25

Institutionally, these ethical conlicts should be addressed by 
adoption of clear policies by hospitals.27 For the individual patient, 
conlicts can be resolved by communication among the patient, 

family, and caregivers. A mutual decision can often be reached to 
suspend or severely limit a DNR order in the perioperative period 
if the patient understands the special circumstances of periopera-
tive arrest, that interventions are brief and usually successful, and 
that the physicians support the patient’s goals in coming to surgery 
and values in desiring not to prolong death. Many interventions 
commonly used in the operating room (mechanical ventilation, 
vasopressors, antidysrhythmics, blood products) may be consid-
ered forms of resuscitation in other situations. The only modalities 
that are not routine anesthetic care are cardiac massage and dei-
brillation. Therefore, the speciic interventions included in a DNR 
status must be clariied with speciic allowance made for methods 
necessary to perform anesthesia and surgery.

COMpONENTS OF RESUSCITATION

The major components of resuscitation from cardiac arrest 
are airway, breathing, circulation, drugs, and electrical therapy 
(ABCDE). Traditionally, these have been divided into basic life 
support (BLS) for those elements that can be performed without 
additional equipment—basic airway management, rescue breath-
ing, and manual chest compressions (Fig. 58-1)—and advanced 
cardiac life support (ACLS), encompassing all the cognitive and 
technical skills necessary for resuscitation (Fig. 58-2). The lines 
between BLS and ACLS have tended to blur recently with the 
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Adult BLS Health Care Providers

Unresponsive
No breathing or no normal breathing

(i.e., only gasping)

High-Quality CPR

•  Rate at least 100/min
•  Compression depth at
   least 2 inches (5 cm)

•  Avoid excessive ventilation

•  Minimize interruptions in
   chest compressions

•  Allow complete chest recoil
   after each compressionActivate emergency response system

Get AED/defibrillator
or send second rescuer (if available) to do this

1

Check pulse:
DEFINITE pulse

within 10 seconds?

Begin cycles of 30 COMPRESSIONS and 2 BREATHS

AED/defibrillator ARRIVES

Note: The boxes bordered with dashed lines are performed
by health care providers and not by lay rescuers

Check rhythm
Shockable rh ythm?

Give 1 shock
Resume CPR immediately

for 2 minutes

Resume CPR immediately
for 2 minutes

Check rhythm every
2 minutes; continue until

ALS providers take over or
victim starts to move

87

6

5

4

3

2

3A
Definite
Pulse

No Pulse

Shockable Not Shoc kable

• Give 1 breath every
  5–6 seconds
• Recheck pulse e very
  2 minutes

© 2010 American Heart Association

FIgURE 58-1. Adult basic life support (BLS) 
health care provider algorithm. AED, automatic 
external defibrillator; CPR, cardiopulmonary  
resuscitation; ALS, advanced life support. (From 
2010 American Heart Association Guidelines for 
cardiopulmonary resuscitation and emergency 
cardiovascular care. Circulation. 2010; 122(Suppl 3):
S689, with permission.)



 chapteR 58 Cardiopulmonary Resuscitation 1675

P
E
R

IO
P
E
R

A
T
IV

E
 A

N
D

  

C
O

N
S
U

LT
A

T
IV

E
 S

E
R

V
IC

E
S

Adult Cardiac Arrest

Shout for Help/Activate Emergency Response

Yes

Yes

Shoc k

Shock

Yes

Yes

Yes

Shock

No

1

2

3

4

5

6

7

8 11

12

10

9

No

No

No

No

Start CPR
•  Give oxygen
•  Attach monitor/defibrillator

CPR 2 minutes
•  IV/IO access

CPR 2 minutes
•  Epinephrine every 3–5 minutes
•  Consider advanced airway,
   capnography

CPR 2 minutes
•  Amiodarone
•  Treat reversible causes

CPR 2 minutes
•  Treat reversible causes

•  If no signs of return of
   spontaneous circulation
   (ROSC), go to 10 or 11
•  If ROSC, go to
   Postcardiac Arrest Care

CPR 2 minutes
•  IV/IO access
•  Epinephrine every 3–5 minutes
•  Consider advanced airway,
   capnography

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

VF/VT Asystole/PEA

Go to 5 or 7

CPR Quality
•  Push hard (≥2 inches
   [5 cm]) and fast
   (≥100/min) and allow
   complete chest recoil
•  Minimize interruptions in
   compressions
•  Avoid excessive ventilation
•  Rotate compressor every
   2 minutes
•  If no advanced airway,
   30:2 compression–
   ventilation ratio
•  Quantitative waveform
   capnography
   – If PETCO2 <10 mm Hg,
      attempt to improve
      CPR quality
•  Intra-arterial pressure
   – If relaxation phase
      (diastolic) pressure
      <20 mm Hg, attempt
      to improve CPR quality

Return of Spontaneous
Circulation (ROSC)
•  Pulse and blood pressure
•  Abrupt sustained
  increase in PETCO2
  (typically ≥40 mm Hg)
•  Spontaneous arterial
  pressure waves with
   intra-arterial monitoring

Shock Energy
•  Biphasic: Manufacturer
  recommendation
  (e.g., initial dose of
  120–200 J); if unknown,
  use maximum available.
  Second and subsequent
  doses should be equiva-
  lent, and higher doses
  may be considered.
•  Monophasic: 360 J

Drug Therapy
•  Epinephrine IV/IO Dose:
   1 mg every 3–5 minutes
•  Vasopressin IV/IO Dose:
   40 units can replace
   first or second dose of
   epinephrine

•  Amiodarone IV/IO Dose:
   First dose: 300 mg bolus.
   Second dose: 150 mg.

Advanced Airway
•  Supraglottic advanced
   airway or endotracheal
   intubation
•  Waveform capnography
   to confirm and monitor
   ET tube placement
•  8–10 breaths per minute
   with continuous chest
   compressions

Reversible Causes
– Hypovolemia
– Hypoxia
– Hydrogen ion (acidosis)
– Hypo-/hyperkalemia
– Hypothermia
– Tension pneumothorax
– Tamponade, cardiac
– Toxins
– Thrombosis, pulmonary
– Thrombosis, coronary© 2010 American Heart Association

FIgURE 58-2. Adult advanced cardiac life support (ACLS) cardiac arrest algorithm. CPR, cardiopulmonary resuscitation; VF, 
ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous(ly); IO, intraosseous(ly); ROSC, 
return of spontaneous circulation; PetCO2, partial pressure of end tidal carbon dioxide; J, joules. (From 2010 American Heart 
 Association Guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2010;122(Suppl 3):S736, 
with permission.)



1676 Section Viii Perioperative and Consultative Services

introduction of public-access automatic external deibrillators 
(AEDs) and the recognition that careful attention to uninter-
rupted, effective chest compressions improves outcome more 
than any advanced therapy. To stress these important elements, 
the American Heart Association (AHA) has adopted a simpliied 
adult BLS algorithm as shown in Figure 58-3. In the following sec-
tions, each of the components involved in resuscitation will be 
reviewed separately, followed by a discussion of combining the 
elements for the best outcome.

AIRWAY MANAgEMENT

The problem of airway obstruction caused by the tongue in 
the unconscious patient is familiar to the anesthesiologist. The 
techniques used for airway maintenance during anesthesia are 
applicable to the cardiac arrest victim. The primary method rec-
ommended to the public is the same head tilt–chin lift method 
commonly employed in the operating room.28 The head is 
extended by pressure applied to the brow while the mandible 
is pulled forward by pressure on the front of the jaw, lifting the 
tongue away from the posterior pharynx. The jaw thrust maneu-

ver (applying pressure behind the rami of the mandible) is an 
effective alternative. Properly inserted oropharyngeal or naso-
pharyngeal airways can be useful before intubation, recognizing 
the danger of inducing vomiting or laryngospasm in the semi-
conscious victim. Tracheal intubation provides the best airway 
control, preventing aspiration and allowing the most effective 
ventilation. However, it should not be performed until adequate 
ventilation (preferably with supplemental oxygen) and chest 
compressions have been established. A number of alternative air-
ways designed for blind placement have been described and the 
laryngeal mask airway and the esophageal-tracheal Combitube 
(see Chapter 27) have been recommended for use during cardiac 
arrest by individuals who are not skilled laryngoscopists.29 When 
other methods of establishing an airway are unsuccessful, transla-
ryngeal ventilation or tracheotomy by cricothyroid puncture may 
be necessary.

foreign Body airway obstruction

In 2004, unintentional choking or suffocation accounted for 5,891 
deaths in the United States (approximately 0.2% of all deaths) 
and 725 of the victims were <1 year old.14 Airway occlusion by a 

Simplified Adult BLS

© 2010 American Heart Association

Unresponsive 
No br eathing or 
no normal breathing
(only gasping)

Activate
emergency
response

Start CPR

Get
defibrillator

Check rhythm/
shock if
indicated

Repeat every 2 minutes

P
u
s

h
H

ard • Push
Fa

s
t

FIgURE 58-3. Simplified adult basic life support algo-
rithm. (From 2010 American Heart Association Guidelines 
for cardiopulmonary resuscitation and emergency cardio-
vascular care. Circulation. 2010;122(Suppl 3):S687, with 
permission.)
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foreign object must be considered in any victim who suddenly 
stops breathing and becomes cyanotic and unconscious. It occurs 
most commonly during eating and is usually due to food, espe-
cially meat, impacting the laryngeal inlet, at the epiglottis or in the 
vallecula. Sudden death in restaurants from this cause is frequently 
mistaken for myocardial infarction, leading to the label cafe coro-
nary. Poorly chewed pieces of food, poor dentition or dentures, 
and elevated blood alcohol levels are the most common factors 
contributing to choking. The signs of total airway obstruction are 
the lack of air movement despite respiratory efforts and the inabil-
ity of the victim to speak or cough. Cyanosis, unconsciousness, and 
cardiac arrest follow quickly. Partial airway obstruction will result 
in rasping or wheezing respirations accompanied by coughing. 
If the victim has good air movement and is able to cough force-
fully, no intervention is indicated. However, if the cough weakens 
or cyanosis develops, the patient must be treated as if there were 
complete obstruction.

Mothers and friends have been pounding on the backs of 
choking victims for centuries. In 1974, Heimlich30 proposed 
abdominal thrusts as a better method of relieving airway obstruc-
tion and, in 1976, Guildner et al.31 reported that sternal thrusts 
were just as effective. Subsequently, there were multiple studies 
of these maneuvers. In clinical practice, Redding32 observed that 
no maneuver was always successful and that each occasionally  
was successful when another had failed. To minimize confusion 
from teaching multiple techniques, the AHA has elected to empha-
size the abdominal thrust maneuver (with chest thrusts as an 
alternative for the pregnant and massively obese).29 This recom-
mendation is made on the twofold premise that the abdominal 
thrust is at least as effective as other techniques and that teaching 
one method simpliies education.

For the awake victim, abdominal thrusts are applied in the 
erect position (sitting or standing). The rescuer reaches around 
the victim from behind, placing the ist of one hand in the epi-
gastrium between the xiphoid and umbilicus. The ist is grasped 
with the other hand and pressed into the epigastrium with a quick 
upward thrust. In the unconscious, thrusts are applied by kneel-
ing astride the victim, placing the heel of one hand in the epigas-
trium and the other on top of the irst hand. Care must be taken 
to ensure the xiphoid is not pushed into the abdominal contents 
and that the thrust is in the midline. Sternal thrusts are valuable 
in the massively obese or in women in advanced pregnancy. In the 
erect victim, the chest is encircled from behind as in the abdomi-
nal maneuver but the ist is placed in the midsternum. For the 
unconscious, thrusts are applied from the side of the supine vic-
tim with a hand position the same as for external cardiac com-
pression. Back blows are applied directly over the thoracic spine 
between the scapulae. They must be delivered with force. Placing 
the victim in a head-down position (e.g., leaning over a chair) 
may help move the obstruction into the pharynx.

Whatever technique is used, each individual maneuver must 
be delivered as if it will relieve the obstruction. If the irst attempt 
is unsuccessful, repeated attempts should be made because 
hypoxia-related muscular relaxation may eventually allow suc-
cess. Complications of thrust maneuvers include laceration of the 
liver and spleen, gastric rupture, fractured ribs, and regurgitation.

In the unconscious victim, manual dislodgement of the 
obstruction should be tried only if solid material can be seen 
obstructing the airway. Grasping the object under direct visu-
alization with a Magill forceps or ordinary instrument (e.g., ice 
tongs) may be used. Care must be taken not to push the foreign 
body deeper into the larynx. Blind inger sweeps and blind grasp-
ing with instruments are rarely successful and may cause damage 
to tonsils or other tissue. Finally, if the object cannot be dislodged, 
a cricothyroidotomy can be lifesaving.

VENTILATION

The standard approach to the unresponsive victim is to follow 
opening the airway with ventilation. When ventilation is pro-
vided in the rescue setting, mouth-to-mouth or mouth-to-nose 
ventilation is the most expeditious and effective method immedi-
ately available. Although inspired gas with this method will con-
tain approximately 4% carbon dioxide and only approximately 
17% oxygen (composition of exhaled air), it is suficient to main-
tain viability.

physiology of Ventilation during 
cardiopulmonary Resuscitation

In the absence of an endotracheal tube, the distribution of gas 
between the lungs and stomach during positive pressure ventila-
tion will be determined by the relative impedance to low into 
each (i.e., the opening pressure of the esophagus and the lung–
thorax compliance). It is likely that esophageal opening pressure 
during cardiac arrest is no more than that found in anesthetized 
individuals (approximately 20 cm water [H2O]), and lung–thorax 
compliance is likely reduced. To avoid gastric insuflation, inspi-
ratory airway pressures must be kept low.

Insuflation of air into the stomach during CPR leads to gastric 
distention, impeding ventilation and increasing the risk of regur-
gitation and gastric rupture. Avoiding gastric insuflation requires 
that peak inspiratory airway pressures stay below esophageal 
opening pressure. Partial airway obstruction by the tongue and 
pharyngeal tissues is a major cause of increased airway pressure 
contributing to gastric insuflation during CPR. Meticulous atten-
tion to airway management is necessary during rescue breathing. 
Recommended tidal volumes to cause a noticeable rise in the chest 
wall in most adults is 0.5 to 0.6 L. Each rescue breath should be 
given over 1 second during a pause in chest compressions.

techniques of Rescue Breathing

While maintaining an open airway with the head tilt–jaw lift tech-
nique, the hand on the forehead pinches the nose, the rescuer takes 
a normal breath and seals the victim’s mouth with the lips and 
exhales, watching for the chest to rise, indicating effective ventila-
tion. For exhalation, the rescuer’s mouth is removed from the vic-
tim, and the rescuer listens for escaping air while taking a breath. 
When both hands are being used in the jaw thrust maneuver of 
opening the airway, the cheek is used to seal the nose. For mouth-
to-nose ventilation, the rescuer’s lips surround the nose and the 
victim’s lips are held closed. In some patients, the mouth must be 
allowed to open for exhalation with this technique. Give one breath 
over 1 second, take a normal breath, and give a second breath over 
1 second. During CPR in adults and one-rescuer CPR in children, a 
pause for two breaths should be made after each 30 chest compres-
sions. When there are two rescuers with a child victim, a pause for 
two breaths should be made after each 15 compressions.29

Several adjuncts to ventilation are available. Perhaps the most 
useful adjunct is a common mask, such as that used for anesthe-
sia. The mask can be applied to the face and held in place with 
the thumbs and index ingers while the other ingers are used to 
apply jaw thrust. Breathing into the connector port of the mask 
provides ventilation. Mouth-to-mask ventilation may be more 
aesthetic than mouth-to-mouth ventilation and can be just as 
effective in trained hands. Masks are also available with one-way 
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valves that direct the victim’s exhaled gas away from the rescuer. 
Masks with integral nipple adapters are useful for providing 
supplemental oxygen. An oxygen low of 10 L/min can raise the 
inspired concentration to 50%.

The self-inlating resuscitation bag and mask are the most 
common adjuncts used in rescue vehicles and hospitals. Although 
these devices have the advantages of noncontact and an ability to 
use supplemental oxygen, they have been shown to be dificult for 
a single rescuer to apply properly, preventing substantial gas leak 
while maintaining a patent airway.33 Tidal volumes with mouth-
to-mouth and mouth-to-mask ventilation are often greater than 
those with the resuscitation bag. It is now recommended that if 
this device is to be used, two individuals manage the airway: one to 
hold the mask and maintain head position and one to squeeze the 
bag, using both hands.34 The self-inlating resuscitation bag can 
also be used with the laryngeal mask airway and the esophageal-
tracheal Combitube.

Finally, tracheal intubation provides the best control of ventila-
tion. With an endotracheal tube in place, breathing can proceed 
without concern for gastric distention or synchronizing ventila-
tion with chest compressions. Blood low during CPR slows rap-
idly when chest compressions are stopped and recovers slowly 
when they are resumed. Consequently, intubation should be 
accomplished without stopping chest compressions, if possible. 
Following intubation, no pause should be made for ventilation, 
and ventilation should be delivered without regard for the com-
pression cycle.

CIRCULATION

physiology of circulation during  
closed-chest compression

Two theories of the mechanism of blood low during closed-chest 
compression have been suggested.12,35 They are not mutually 
exclusive, and which mechanism predominates in humans con-
tinues to be debated.

cardiac pump mechanism

The cardiac pump mechanism was originally proposed by Kou-
wenhoven et al.12 and Jude et al.36 According to this theory, pres-
sure on the chest compresses the heart between the sternum and 
the spine. Compression raises the pressure in the ventricular 
chambers, closing the atrioventricular valves and ejecting blood 
into the lungs and aorta. During the relaxation phase of closed-
chest compression, expansion of the thoracic cage causes a sub-
atmospheric intrathoracic pressure, facilitating blood return. The 
mitral and tricuspid valves open, allowing blood to ill the ventri-
cles. Pressure in the aorta causes aortic valve closure and coronary 
artery perfusion.

thoracic pump mechanism

In 1976, Criley et al.37 reported a patient undergoing cardiac cath-
eterization who simultaneously developed VF and an episode of 
cough-hiccups. With every cough-hiccup, a signiicant arterial 
pressure was noted. This observation of self-administered “cough 
CPR” prompted further investigations on the mechanism of blood 
low, and these studies produced the theory of a thoracic pump 
mechanism for blood low during closed-chest compressions.35 
According to this theory, blood lows into the thorax during the 
relaxation phase of chest compressions in the same manner as that 

4

described for the cardiac pump mechanism. During the compres-
sion phase, all intrathoracic structures are compressed equally by 
the rise in intrathoracic pressure caused by sternal depression, 
forcing blood out of the chest. Backward low through the venous 
system is prevented by valves in the subclavian and internal jugu-
lar veins and by dynamic compression of the veins at the thoracic 
outlet by the increased intrathoracic pressure. Thicker, less com-
pressible vessel walls prevent collapse on the arterial side, although 
arterial collapse will occur if intrathoracic pressure is raised 
enough.38 The heart is a passive conduit with the atrioventricular 
valves remaining open during chest compression. Because there 
is a signiicant pressure difference between the carotid artery and 
jugular vein, blood low to the head is favored. The lack of valves 
in the inferior vena cava results in less resistance to backward 
low, and pressures in the arteries and veins below the diaphragm 
are nearly equal. This is consistent with the fact that there is little 
blood low to organs below the diaphragm.39,40

It seems clear that luctuations in intrathoracic pressure play 
a signiicant role in blood low during CPR. It is also likely that 
compression of the heart occurs under some circumstances. Fac-
tors that inluence the mechanism probably include the compli-
ance and coniguration of the chest wall, size of the heart, force 
of the sternal compressions, duration of cardiac arrest, and other 
undiscovered factors. Which mechanism predominates varies 
from victim to victim and even during the resuscitation of the 
same victim.

distribution of Blood flow during  
cardiopulmonary Resuscitation

Whatever the predominant mechanism, total body blood low 
(cardiac output) is reduced to 10% to 33% of normal during 
experimental closed-chest cardiac massage. Similar severe reduc-
tions in low are likely during clinical CPR in humans. Nearly 
all the blood low is directed to organs above the diaphragm.39,40 
Myocardial perfusion is 20% to 50% of normal, whereas cerebral 
perfusion is maintained at 50% to 90% of normal. Abdominal 
visceral and lower extremity low is reduced to 5% of normal. 
Total low tends to decrease with time during CPR, but the rela-
tive distribution is not altered. Changes in CPR technique and the 
use of epinephrine may help sustain cardiac output over time.40 
Epinephrine improves flow to the brain and heart, whereas 
flow to organs below the diaphragm is unchanged or further 
reduced.

Gas transport during  
cardiopulmonary Resuscitation

During the low low state of CPR, excretion of carbon dioxide 
(CO2) (milliliters of CO2 per minute in exhaled gas) is decreased 
from prearrest levels to approximately the same extent that cardiac 
output is reduced. This reduced CO2 excretion is due primarily to 
shunting of blood low away from the lower half of the body. The 
exhaled CO2 relects only the metabolism of the part of the body 
that is being perfused. In the nonperfused areas, CO2 accumulates 
during CPR. When normal circulation is restored, the accumu-
lated CO2 is washed out, and a temporary increase in CO2 excre-
tion is seen.

Although CO2 excretion is reduced during CPR, measure-
ment of blood gases reveals an arterial respiratory alkalosis and 
a venous respiratory acidosis with a markedly elevated arterio-
venous CO2 difference.41 The primary cause of these changes is 
the severely reduced cardiac output. Two factors account for the 
elevation of the venous partial pressure of CO2 (PvCO2). Buff-
ering acid causes a reduction in serum bicarbonate, so the same 

5
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blood CO2 content results in a higher PvCO2. In addition, the 
mixed venous CO2 content is elevated. When low to a tissue is 
reduced, all the CO2 produced fails to be removed and CO2 accu-
mulates, raising the tissue partial pressure of CO2. This allows 
more CO2 to be carried in each aliquot of blood, and mixed 
venous CO2 content increases. If low remains constant, a new 
equilibrium is established in which all CO2 produced in the tissue 
is removed but at a higher venous CO2 content and partial pres-
sure. In contrast to the venous blood, arterial CO2 content and 
partial pressure (PaCO2) are usually reduced during CPR. This 
reduction accounts for most of the observed increase in arterio-
venous CO2 content difference. Although venous blood may have 
an increased CO2, the marked reduction in cardiac output with 
maintained ventilation results in eficient CO2 removal.

Decreased pulmonary blood low during CPR causes a lack of 
perfusion to many nondependent alveoli. The alveolar gas of these 
lung units has no CO2. Consequently, mixed alveolar CO2 (i.e., 
end-tidal CO2) will be low and correlate poorly with arterial CO2. 
However, end-tidal CO2 does correlate well with cardiac output 
during CPR. As low increases, more alveoli become perfused, 
there is less alveolar dead space, and end-tidal CO2 measurements 
rise.

technique of closed-chest compression

Cardiac arrest should be assumed in an unresponsive individual 
with abnormal or absent breathing. The community or institu-
tion emergency response system should immediately be activated 
and chest compressions begun. In emergency circumstances, it is 
dificult to detect a pulse, even in a major artery (carotid, femo-
ral, axillary). No more than 10 seconds should be taken to check 
for a pulse and, if a pulse is not deinitely felt, chest compressions 
should be started. Witnessed sudden collapse with unresponsive-
ness in an adult in the absence of seizure activity is nearly always 
dysrhythmic cardiac arrest, and chest compressions should be 
started immediately.

Important considerations in performing closed-chest com-
pressions are the position of the rescuer relative to the victim, the 
position of the rescuer’s hands, and the rate and force of compres-
sion. The victim must be supine, the head level with the heart, for 
adequate brain perfusion. The victim must be on a irm surface. 
The rescuer should stand or kneel next to the victim’s side. Com-
pressions are performed most effectively if the rescuer’s hips are 
on the same level, or slightly above the level of, the victim’s chest.

Standard technique consists of the rhythmic application of 
pressure over the lower half of the sternum. The heel of one hand 
is placed on the lower sternum, and the other hand is placed on 
top of the irst one. Great care must be taken to avoid pressing 
the xiphoid into the abdomen, which can lacerate the liver. Even 
with properly performed CPR, costochondral separation and rib 
fractures are common. Applying pressure on the ribs by improper 
hand placement increases these complications and risks punctur-
ing the lung. Pressure on the sternum should be applied through 
the heel of the hand only, keeping the ingers free of the chest wall. 
The direction of force must be straight down on the sternum, with 
the arms straight and the elbows locked into position so the entire 
weight of the upper body is used to apply force. Inadequate chest 
recoil due to leaning on the chest during the relaxation phase has 
been demonstrated to be both common and deleterious to effec-
tive chest compressions. During relaxation, care must be taken to 
remove all pressure from the chest wall, but the hands should not 
lose contact with the chest wall.

The sternum must be depressed at least 2 inches (5 cm) in the 
average adult. Occasionally, deeper compressions are necessary to 

generate a palpable pulse. The duration of compression should be 
equal to that of relaxation, and the compression rate should be at 
least 100 times per minute. Push hard and push fast, minimizing 
interruptions in chest compressions. Allow a brief pause for two 
1-second breaths after every 30 compressions. With an advanced 
airway in place, ventilations at a rate of 8 to 10 breaths per minute 
should be interposed between compressions without a pause.

alternative methods of circulatory Support

As currently practiced, CPR has limited success, with only 
approximately 40% of victims being admitted to the hospital and 
10% surviving to discharge. Despite the occasional success of pro-
longed resuscitation, standard CPR will sustain most patients for 
only 15 to 30 minutes. If return of spontaneous circulation has 
not been achieved in that time, the outcome is dismal. Recogni-
tion of these limits and improved understanding of circulatory 
physiology during CPR have led to several proposals for alter-
natives to the standard techniques of closed-chest compression. 
Most, but not all, are based on the thoracic pump mechanism of 
blood low. The goals of the new methods are to provide better 
hemodynamics during CPR and thus improve survival and/or to 
extend the duration during which CPR can successfully support 
viability. Unfortunately, none of the alternatives has proved reli-
ably superior to the standard technique.

Simultaneous Ventilation–Compression 
Cardiopulmonary Resuscitation and  

Abdominal Binding

According to the thoracic pump theory, elevation of intrathoracic 
pressure during chest compression should improve blood low 
and pressure.38 Studies with techniques that raise intrathoracic 
pressure (abdominal binding, simultaneous ventilation–com-
pression) demonstrate that the elevated aortic pressure is offset by 
similar elevations in right atrial and intracranial pressures, so no 
improvement in myocardial or cerebral blood low is found. Most 
important, survival from cardiac arrest is not improved when 
these techniques are compared with standard CPR in experimen-
tal animals or limited human trials.42–44

Interposed Abdominal Compression 
Cardiopulmonary Resuscitation

Interposed abdominal compression (IAC) is fundamentally dif-
ferent from abdominal binding. With this technique, an addi-
tional rescuer applies abdominal compressions manually during 
the relaxation phase of chest compression.45 Abdominal pressure 
is released when chest compression begins. One large random-
ized trial of out-of-hospital cardiac arrest with IAC CPR found 
no improvement in survival compared with standard CPR,46 
but a subsequent in-hospital study demonstrated improved 
outcome.47 The safety of IAC CPR has been established and is 
recommended as an alternative to standard CPR for in-hospital 
resuscitation. Further studies will be needed to establish out-of-
hospital eficacy.

Load-distributing Band Cardiopulmonary 
Resuscitation or Pneumatic Vest  
Cardiopulmonary Resuscitation

Following the description of “cough CPR” and the development 
of the thoracic pump theory, a pneumatic vest device was devel-
oped that would simulate the events of vigorous coughing.48 

6
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The technique continues to be investigated with a number of 
modiications from the original method. Most active investiga-
tions use a circumferential chest-compression device composed 
of a pneumatically or electronically actuated constricting band  
and backboard. In a preliminary clinical study, aortic and  
coronary perfusion pressure was better with load-distributing 
band CPR than with standard CPR.49 Additional studies are 
ongoing.

active Compression–Decompression 
Cardiopulmonary Resuscitation

The newest proposed alternative technique developed from the 
anecdotal report of CPR is performed with a plumber’s helper 
applied to the anterior chest wall.50 This suggested that active 
decompression of the chest wall might reduce intrathoracic pres-
sure during the relaxation phase of chest compressions, lead-
ing to improved venous return, increased stroke volume with 
compression, and better blood low. A suction device that can 
be applied to the chest wall to enable active compression and 
decompression was developed.51 Hemodynamic studies in ani-
mals and humans with this technique have shown that coronary 
and cerebral perfusion may be somewhat improved with this 
method compared with standard CPR, although when epineph-
rine is used there is no difference between techniques.51,52 Clinical 
trials of this technique have had mixed results, with four studies 
showing improved outcome and ive showing no positive or neg-
ative effects. No survival beneit of active compression–decom-
pression CPR over standard CPR was found in a meta-analysis 
of 10 trials involving 4,162 patients in the out-of-hospital setting 
and in a meta-analysis of two trials involving 826 patients in the 
in-hospital setting.53

Impedance Threshold Device

The impedance threshold device (ITD) is a valve that impedes air 
entry into the lungs during chest recoil of the relaxation phase 
of chest compressions, thus reducing intrathoracic pressure and 
increasing venous return to the thorax. Originally designed to be 
used with a cuffed endotracheal tube and active compression–
decompression CPR (during which it would act to further increase 
the venous return of active decompression),54 it has recently 
been used with conventional CPR and a tight-itting face mask.55 
Two randomized trials of out-of-hospital cardiac arrest compar-
ing conventional CPR and the ITD with active compression–
decompression CPR have shown improvement in short-term 
resuscitation.54,56 One randomized trial of 8,718 out-of-hospital 
cardiac arrest victims undergoing standard CPR with an active 
versus sham ITD found no difference in short-term or long-term 
outcomes.57 Although improved long-term survival has not been 
demonstrated, the ITD may be a useful adjunct for professionals 
trained in its use.

Invasive Techniques

In contrast to the closed-chest techniques, two invasive methods 
have been able to maintain cardiac and cerebral viability during 
long periods of cardiac arrest. In animal models, open-chest car-
diac massage and cardiopulmonary bypass (through the femo-
ral artery and vein using a membrane oxygenator) can provide 
better hemodynamics, as well as better myocardial and cerebral 
perfusion, than closed-chest techniques.58 Prompt restoration of 
blood low and perfusion pressure with cardiopulmonary bypass 
can provide resuscitation with minimal neurologic deicit after 
20 minutes of ibrillatory cardiac arrest in canines.15 However, 

these techniques must be instituted relatively early (probably 
within 20 to 30 minutes of arrest) to be effective.16,59 If open-chest 
massage is begun after 30 minutes of ineffective closed-chest 
compressions, survival is no better, although hemodynamics are 
improved.60 The need to apply these maneuvers early in an arrest 
obviously limits the application. Before invasive procedures play 
a greater role in modern CPR, a method must be developed to 
predict, early in resuscitation, which patients will and will not 
respond to closed-chest compressions.

Assessing the Adequacy of Circulation 
During Cardiopulmonary Resuscitation

The adequacy of closed-chest compression is frequently judged 
by palpation of a pulse in the carotid or femoral vessels. The pal-
pable pulse primarily relects systolic pressure. Cardiac output 
correlates better with mean pressure and coronary perfusion with 
diastolic pressure. In the femoral area, the palpable pulse is as 
likely to be venous as arterial. Whenever possible, more accurate 
means of monitoring the eficacy of chest compressions should be 
used. The importance of monitoring CPR quality is stressed in the 
new AHA ACLS circular algorithm (Fig. 58-4).

Return of spontaneous circulation with an arrested heart 
greatly depends on restoring oxygenated blood low to the myo-
cardium. In experimental models, a minimum blood low of 15 
to 20 mL/min/100 g of myocardium has been shown to be neces-
sary for successful resuscitation.61 Obtaining such low depends 
on closed-chest compressions developing adequate cardiac out-
put and coronary perfusion pressure. Similar to the beating heart, 
coronary perfusion during CPR occurs primarily in the relaxation 
phase (diastole) of chest compressions. In 1906, Crile and Dol-
ley62 suggested that a critical coronary perfusion pressure was 
necessary for successful resuscitation. This concept has been con-
irmed in numerous other reports.40,61–71 During standard CPR, 
critical myocardial blood low is associated with aortic diastolic 
pressure exceeding 40 mm Hg. Because right atrial pressure can 
be elevated with some techniques, the aortic diastolic pressure 
minus the right atrial diastolic pressure is a more accurate relec-
tion of coronary perfusion pressure. The critical coronary per-
fusion pressure is 15 to 25 mm Hg. When invasive monitoring 
is available during CPR, adjustments in chest compression tech-
nique and epinephrine should be used to ensure critical perfusion 
pressures are exceeded. Damage to the myocardium from under-
lying disease may preclude survival no matter how effective the 
CPR efforts. However, vascular pressures below critical levels are 
associated with poor results even in patients who may be salvage-
able (Table 58-1).

Although invasive pressure monitoring may be ideal, it is 
rarely available during CPR. End-tidal CO2 also has been found 
to be an excellent noninvasive guide to the adequacy of closed-
chest compressions.72 CO2 excretion during CPR with an endo-
tracheal tube in place is low dependent rather than ventilation 
dependent. Because alveolar dead space is large in low-low states, 
end-tidal CO2 is very low (frequently <10 mm Hg). If blood low 
improves with better CPR technique, more alveoli are perfused 
and end-tidal CO2 rises (usually to >20 mm Hg with successful 
CPR). The earliest sign of return of spontaneous circulation is 
frequently a sudden increase in end-tidal CO2 to >40 mm Hg. 
Within a wide range of cardiac outputs during CPR, end-tidal 
CO2 correlates well with cardiac output,73 coronary perfusion 
pressure,74 and initial resuscitation.75 End-tidal CO2 correlates 
with survival in human CPR and can predict a poor outcome.76,77 
Patients with end-tidal CO2 <10 mm Hg will not be resuscitated 
successfully. In the absence of invasive monitoring, end-tidal 
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CO2 using quantitative waveform capnography should be used 
to judge the effectiveness of chest compressions, whenever pos-
sible.78 Attempts should be made to maximize the measured 
end-tidal CO2 by alterations in technique or drug therapy. It 
should be remembered that sodium bicarbonate administration 
liberates CO2 into the blood and causes a temporary increase in 
end-tidal CO2. The elevation returns to baseline within 3 to 5 
minutes of drug administration and end-tidal CO2 monitoring 

can again be used for monitoring effectiveness of closed-chest 
compressions.

pHARMACOLOgIC THERApY

This discussion of drug therapy is conined to the use of drugs dur-
ing CPR attempts to restore spontaneous circulation. The use of 
drugs to support the circulation when there is mechanical cardiac 
function is discussed elsewhere (see Chapters 15 and 39). During 
cardiac arrest, drug therapy is secondary to other interventions. 
Effective uninterrupted chest compressions and deibrillation, if 
appropriate, should take precedence over medications. Establish-
ing intravenous access and pharmacologic therapy should come 
as soon as possible but after these critical interventions are estab-
lished. Although vasopressors are irmly established as improving 
survival in animal models and there is some evidence of improved 
early resuscitation in humans, there is no strong evidence that 
they improve long-term survival in human cardiac arrest.79,80 The 
most common drugs and the appropriate adult doses are shown 
in Table 58-2. In addition, pharmacologic and other therapeutic 
approaches for the treatment of bradycardia and tachycardia are in 
Figures 58-5 and 58-6.
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Adult Cardiac Arrest

Check
 Rhythm 

Drug Therapy
IV/IO access

Epinephrine every 3–5 minutes
Amiodarone for refractory VF/VT

Consider Advanced Airway
Quantitative waveform capnography

Treat Reversible Causes

Postcardiac
Arrest Care

Start CPR

2 minutes 

If VF/VT
Shock

Return of Spontaneous 
Circulation (ROSC)

Shout for Help/Activate Emergency Response

Con
tin

uo
us

C
PR

Continuous
C

PR
Monitor CPR Quality

© 2010 American Heart Association

CPR Quality
Push hard (≥2 inches [5 cm]) and fast (≥100/min) and allow complete • 
chest recoil

•  Minimize interruptions in compressions
•  Avoid excessive ventilation
•  Rotate compressor every 2 minutes
•  If no advanced airway, 30:2 compression–ventilation ratio
•  Quantitative waveform capnography 

– If PETCO2 <10 mm Hg, attempt to improve CPR quality
•  Intra-arterial pressure 

– If relaxation phase (diastolic) pressure <20 mm Hg, attempt to
   improve CPR quality 

Return of Spontaneous Circulation (ROSC)
•  Pulse and blood pressure
•  Abrupt sustained increase in PETCO2 (typically ≥40 mm Hg)
•  Spontaneous arterial pressure waves with intra-arterial monitoring

Shock Energy
•  Biphasic: Manufacturer recommendation (e.g., initial dose of 120–200 J); 

if unknown, use maximum available. Second and subsequent doses 
should be equivalent, and higher doses may be considered.

• Monophasic: 360 J

Drug Therapy
•  Epinephrine IV/IO Dose: 1 mg every 3–5 minutes
•  Vasopressin IV/IO Dose: 40 units can replace first or second dose 

of epinephrine

•  Amiodarone IV/IO Dose: First dose: 300 mg bolus. Second dose: 150 mg.

Advanced Airway 
•  Supraglottic advanced airway or endotracheal intubation
•  Waveform capnography to confirm and monitor ET tube placement 
•  8–10 breaths per minute with continuous chest compressions

Reversible Causes
– Hypovolemia
– Hypoxia
– Hydrogen ion (acidosis)
– Hypo-/hyperkalemia
– Hypothermia

– Tension pneumothorax
– Tamponade, cardiac
– Toxins
– Thrombosis, pulmonary
– Thrombosis, coronary

FIgURE 58-4. Advanced cardiac life support cardiac arrest circular algorithm. CPR, cardiopulmonary resuscitation; VF, ventricu-
lar fibrillation; VT, ventricular tachycardia; IV, intravenous(ly); IO, intraosseous(ly); PetCO2, partial pressure of end tidal carbon 
dioxide; J, joules. (From 2010 American Heart Association Guidelines for cardiopulmonary resuscitation and emergency cardio-
vascular care. Circulation. 2010;122(Suppl 3):S737, with permission.)

TAbLE 58-1.  CritiCal variables 

assoCiated with suCCessful 

resusCitation

Variable Amount

Myocardial blood low (mL/min/100 g) >15–20

Aortic diastolic pressure (mm Hg) >40

Coronary perfusion pressure (mm Hg) >15–25

End-tidal carbon dioxide (mm Hg) >10
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Routes of administration

The preferred route of administration of all drugs during CPR is 
intravenous. The most rapid and highest drug levels occur with 
administration into a central vein. However, peripheral intrave-
nous administration is also effective. The antecubital and external 
jugular veins are the sites of irst choice for starting an infusion 
during resuscitation because inserting a central catheter usually 
necessitates stopping CPR. Because of poor blood low below the 
diaphragm during CPR, drugs administered in the lower extrem-

ity may be extremely delayed or may not reach the sites of action. 
Even in the upper extremity, drugs may require 1 to 2 minutes to 
reach the central circulation. Onset of action may be speeded if 
the drug bolus is followed by a 20- to 30-mL bolus of intravenous 
luid. Intraosseous administration of luids and medications is a 
good alternative to intravenous cannulation, allowing drug deliv-
ery similar to that of central venous administration. Commercial 
kits are available to facilitate intraosseous placement.

If intravenous access cannot be established, the endotracheal 
tube is an alternative route for administration of epinephrine, 
vasopressin, lidocaine, and atropine. Sodium bicarbonate should 

TAbLE 58-2.  adult advanCed CardiaC life suPPort drugs and 

doses (intravenous)

Dose Interval Maximum

Epinephrine 1 mg Every 3–5 min None

If dose fails, consider 3–7 mg Every 3–5 min None

Vasopressin 40 U May replace 1st or 2nd dose  
of epinephrine

—

Amiodarone 300 mg Repeat 150 mg in 5 min 2 g

Lidocaine 1–1.5 mg/kg Repeat 0.5–0.75 mg/kg in 5 min 3.0 mg/kg

Sodium bicarbonate 1 mEq/kg As needed Check pH

Adult Bradycardia
(With Pulse)

Assess appropriateness for clinical conditon.
Heart rate typically <50/min if bradyarrhythmia.

•  Maintain patent airway; assist breathing as necessary
•  Oxygen (if hypoxemic)
•  Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
•  IV access
• 12-Lead ECG if available; don’t delay therapy

Identify and treat underlying cause

1

2

3

4

5

6

Yes

No •  Hypotension?
•  Acutely altered mental status?
•  Signs of shock?
•  Ischemic chest discomfort?
•  Acute heart failure?

If atropine ineffective:
•  Transcutaneous pacing
                  OR
•  Dopamine infusion
                  OR
•  Epinephrine infusion

Persistent bradyarrhythmia
causing:

Atropine

Epinephrine IV Infusion:
2–10 mcg/min

Dopamine IV Infusion:
2–10 mcg/min

Atropine IV Dose:
First dose: 0.5 mg bolus
Repeat every 3–5 minutes
Maximum: 3 mg

Doses/Details

Monitor and observe

•  Expert consultation
•  Transvenous pacing

Consider:

© 2010 American Heart Association

FIgURE 58-5. Adult bradycardia 
(with pulse) algorithm. ECG, electrocar-
diogram; IV, intra venous(ly). (From 2010 
American Heart Association Guidelines 
for cardiopulmonary resuscitation and 
emergency cardiovascular care. Circula-
tion. 2010; 122(Suppl 3):S749, with 
permission.)
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Assess appropriateness for clinical condition.
Heart rate typically ≥150/min if tachyarrhythmia.

•  Maintain patent airway; assist breathing as necessary
•  Oxygen (if hypoxemic)
•  Cardiac monitor to identify rhythm; monitor blood
   pressure and oximetry

•  Hypotension?
•  Acutely altered mental status?
•  Signs of shock?
•  Ischemic chest discomfort?
•  Acute heart failure?

•  IV access and 12-lead ECG if available
•  Vagal maneuvers
•  Adenosine (if regular)
•  β-Blocker or calcium channel blocker
•  Consider expert consultation

4

6

7

5

3

2

1

Yes

Yes

No

No

•  Hypotension?
•  Acutely altered mental status?
•  Signs of shock?
•  Ischemic chest discomfort?
•  Acute heart failure?

•  Consider sedation
•  If regular narrow complex,
   consider adenosine

•  IV access and 12-lead ECG
   if available
•  Consider adenosine only if
   regular and monomorphic
•  Consider antiarrhythmic infusion
•  Consider expert consultation

Identify and treat underlying cause

Adult  Tachycardia
(With Pulse)

Persistent tachyarrhythmia
causing:

Wide QRS?
≥0.12 second

Synchronized car dioversion

Doses/Details

Synchronized Cardioversion
Initial recommended doses:
•  Narrow regular: 50–100 J
•  Narrow irregular: 120–200-J biphasic
   or 200 J monophasic
•  Wide regular: 100 J
•  Wide irregular: defibrillation dose
   (NOT synchronized)

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

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

Antiarrhythmic Infusions for
Stable Wide-QRS Tachycardia

Procainamide IV Dose:
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:
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.

© 2010 American Heart Association

FIgURE 58-6. Adult tachycardia (with pulse) algorithm. ECG, electrocardiogram; IV, intravenous(ly); CHF, congestive heart fail-
ure; J, joules. (From 2010 American Heart Association Guidelines for cardiopulmonary resuscitation and emergency cardiovascular 
care. Circulation. 2010;122(Suppl 3):S751, with permission.)

not be given endotracheally. There are no data on endotracheal 
administration of amiodarone. The time to effect and drug levels 
achieved are inconsistent with endotracheal drug administration 
during CPR, so the optimal dose of drug is unknown using this 
route. In general, doses 2 to 2.5 times higher than the intravenous 
dose is recommended when this route is used. Better results may 
be obtained by administering 5- to 10-mL volumes. It is unclear 
whether deep injection is better than simple instillation into the 
endotracheal tube.

catecholamines and Vasopressors

mechanism of action

Epinephrine has been used in resuscitation since the 1890s and has 
been the vasopressor of choice in modern CPR since the studies 
of Redding and Pearson13,81 in the 1960s. The eficacy of epineph-
rine lies entirely in its α-adrenergic properties68 (see Chapter 15). 
Peripheral vasoconstriction leads to an increase in aortic diastolic 

pressure, causing an increase in coronary perfusion pressure and 
myocardial blood low.40,82,83 All strong α-adrenergic drugs (epi-
nephrine, phenylephrine, methoxamine, dopamine, norepineph-
rine), regardless of β-adrenergic potency, are equally successful 
in aiding resuscitation, as are strong nonadrenergic vasopressors 
(vasopressin, endothelin-1).13,81,84,85 β-Adrenergic agonists with-
out α activity (isoproterenol, dobutamine) are no better than 
placebo. α-Adrenergic blockade precludes resuscitation, whereas 
β-adrenergic blockade has no effect on the ability to restore spon-
taneous circulation.65,66

The β-adrenergic effects of epinephrine are potentially del-
eterious during cardiac arrest. In the ibrillating heart, epinephrine 
increases oxygen consumption and decreases the endocardial to 
epicardial blood low ratio. Myocardial lactate production in the 
ibrillating heart is unchanged after epinephrine administration 
during CPR, suggesting that the increased coronary blood low does 
not improve the oxygen supply to demand ratio. Large doses of epi-
nephrine increase deaths in swine early after resuscitation because 
of tachyarrhythmias and hypertension, an effect partially offset by 
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metoprolol treatment. Despite these theoretical considerations, 
survival and neurologic outcome studies have shown no difference 
when epinephrine is compared with a pure α-agonist (methox-
amine or phenylephrine) during CPR in animals81,86 or humans.80,87

epinephrine

When added to chest compressions, epinephrine helps develop the 
critical coronary perfusion pressure necessary to provide enough 
myocardial blood low for restoration of spontaneous circulation. 
With invasive monitoring present during CPR, an arterial diastolic 
pressure of 40 mm Hg or coronary perfusion pressure of 20 mm Hg 
must be obtained with good chest-compression technique and/ 
or epinephrine therapy (see Table 58-1). In the absence of such 
monitoring, the dose of epinephrine must be chosen empiri-
cally. Since the studies of Redding and Pearson13,81 in the 1960s, 
the standard intravenous dose used has been 0.5 to 1.0 mg. In the 
1980s, animal studies suggested that higher doses of epinephrine 
in human CPR might improve myocardial and cerebral perfusion 
and improve success of resuscitation. Case reports and a series of 
children with historical controls were published of return of spon-
taneous circulation when large doses (0.1 to 0.2 mg/kg) of epi-
nephrine were given to patients who had failed resuscitation with 
standard doses.

Subsequent outcome studies have not demonstrated conclu-
sively that higher doses of epinephrine will improve survival. Eight 
adult prospective randomized clinical trials involving >9,000 car-
diac arrest patients have found no improvement in survival to hos-
pital discharge or neurologic outcome, even in subgroups, when 
initial high-dose epinephrine (5 to 18 mg) is compared with stan-
dard doses (1 to 2 mg).88–95 Some of the studies (and the cumula-
tive data) suggest that there may be an improvement in immediate 
resuscitation with high-dose epinephrine. High doses apparently 
are not needed early in most cardiac arrests and could be deleteri-
ous under some circumstances. The use of high-dose epinephrine 
as rescue therapy when standard doses have failed has not been 
rigorously studied.

There is only one double-blind, randomized control trial of 
epinephrine versus placebo reported from a single ambulance 
service in Australia.96 Of the 534 patients, those receiving epi-
nephrine had a 3.4 times greater chance of return of spontaneous 
circulation than those receiving placebo and a 2.3 times greater 
chance of hospital admission. Although more than twice as many 
patients receiving epinephrine survived to hospital discharge, 
this was not statistically signiicant because of the low numbers 
of  survivors.

Current recommendations are to give 1 mg intravenously every 
3 to 5 minutes in the adult. If this dose seems ineffective or to treat 
β-blocker or calcium channel blocker overdose, higher doses (3 to 
8 mg) may be considered.

Vasopressin

Arginine vasopressin is currently recommended as an alternative 
to either the irst or second dose of epinephrine in a dose of 40 
U intravenous/intraosseous (see Chapter 15). Vasopressin is a 
naturally occurring hormone (antidiuretic hormone) that, when 
administered in high doses, is a potent nonadrenergic vasocon-
strictor, acting by stimulation of smooth muscle V1 receptors. It 
is usually not recommended for conscious patients with coronary 
artery disease because the increased peripheral vascular resistance 
may provoke angina. The half-life in the intact circulation is 10 
to 20 minutes and longer than epinephrine during CPR. Ani-
mal studies have demonstrated that vasopressin is as effective as 
or more effective than epinephrine in maintaining vital organ 

blood low during CPR. Repeated doses during prolonged CPR in 
swine were associated with signiicantly improved rates of neuro-
logically intact survival compared with epinephrine and placebo. 
Postresuscitation myocardial depression and splanchnic blood 
low reduction are more marked with vasopressin than epineph-
rine, but they are transient and can be treated with low doses of 
dopamine.97 Clinical studies indicate that vasopressin is as effec-
tive as epinephrine but have not deinitively shown it to be supe-
rior. A small randomized, blinded study comparing vasopressin 
and standard-dose epinephrine in 40 patients with out-of-hospital 
VF found improved 24-hour survival with vasopressin but no dif-
ference in return of spontaneous circulation or survival to hospital 
discharge.98 A larger, clinical trial of 200 inpatients found no dif-
ference between the drugs in survival for 1 hour or to hospital dis-
charge.99 In this study, response times were short, indicating that 
CPR outcome achieved with both vasopressin and epinephrine in 
short-term cardiac arrest may be comparable. The hemodynamic 
effects of vasopressin, compared with epinephrine, are especially 
impressive during long cardiac arrests. Thus, vasopressin may ind 
most use in CPR during prolonged duration resuscitation. A mul-
ticenter, randomized study of 1,186 patients comparing vasopres-
sin 40 U and epinephrine 1 mg for the irst two doses of vasopres-
sor during resuscitation from out-of-hospital cardiac arrest found 
no overall difference in survival to hospital admission (36% vs. 
31%) or discharge (10% vs. 10%).100 Overall, evidence currently 
suggests that, like other potent vasopressors, vasopressin is equiva-
lent to but not better than epinephrine for use during CPR.

amiodarone and lidocaine

After vasopressors, the drugs most likely to be of beneit during 
CPR are those that help suppress ectopic ventricular rhythms. 
Amiodarone and lidocaine are used during cardiac arrest to aid 
deibrillation when VF is refractory to electrical countershock 
therapy or when ibrillation recurs following successful conversion. 
Lidocaine, primarily an antiectopic agent with few hemodynamic 
effects, tends to reverse the reduction in VF threshold caused by 
ischemia or infarction. It depresses automaticity by reducing the 
slope of phase 4 depolarization and reducing the heterogeneity of 
ventricular refractoriness.

Amiodarone is a pharmacologically complex drug with sodium, 
potassium, calcium, and α-adrenergic and β-adrenergic blocking 
properties that is useful for treatment of atrial and ventricular dys-
rhythmias. Amiodarone can cause hypotension and bradycardia 
when infused too rapidly in patients with an intact circulation.101 
This can usually be prevented by slowing the rate of drug infu-
sion, or it can be treated with luids, vasopressors, chronotropic 
agents, or temporary pacing. There are two randomized, blinded, 
placebo-controlled clinical trials in shock-resistant cardiac arrest 
victims demonstrating improved admission alive to hospital with 
amiodarone treatment, although there was no difference in sur-
vival to discharge.102,103 Although weak, this is more evidence of 
eficacy than exists for lidocaine.

When VF or pulseless ventricular tachycardia is recognized, 
deibrillation should be attempted (see Figs. 58-2 and 58-4). No 
antiarrhythmic agent has been shown to be superior to electrical 
deibrillation or more effective than placebo in the treatment of 
VF. Consequently, deibrillation should not be withheld or delayed 
to establish intravenous access or to administer drugs. When 
ventricular tachycardia or VF has not responded to or recurred 
 following BLS, epinephrine, and deibrillation, amiodarone should 
be administered. In cardiac arrest, amiodarone is initially admin-
istered as a 300-mg rapid infusion. Supplemental infusions of   
150 mg can be repeated as necessary for recurrent or resistant 

10
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 dysrhythmias to a maximum total daily dose of 2 g. (For dysrhyth-
mias with an intact circulation, amiodarone is usually administered 
as 150 mg intravenously over 10 minutes, followed by 1 mg/min 
infusion for 6 hours and 0.5 mg/min thereafter.) Although lido-
caine has no proven eficacy in cardiac arrest, it has few side effects. 
It is an alternative therapy in refractory ibrillation if amiodarone 
is not available. An initial bolus of 1 to 1.5 mg/kg should be given, 
and additional boluses of 0.5 to 0.75 mg/kg can be given every 5 to 
10 minutes during CPR up to a total dose of 3 mg/kg.

atropine

Atropine sulfate enhances sinus node automaticity and atrioven-
tricular conduction by its vagolytic effects. Although atropine is 
frequently given during cardiac arrest associated with an electro-
cardiogram (ECG) pattern of asystole or slow pulseless electrical 
activity (PEA), neither animal nor human studies provide evi-
dence that it actually improves outcome from asystolic or brady-
systolic arrest.104,105 The predominant cause of asystole and PEA 
is severe myocardial ischemia. Excessive parasympathetic tone 
probably contributes little to these rhythms during cardiac arrest 
in adults. Even in children, it is doubtful that parasympathetic 
tone plays a signiicant role during most arrests. Therefore, the 
most important treatment for asystole and PEA is effective chest 
compressions, ventilation, and epinephrine to improve coronary 
perfusion and myocardial oxygenation. There is no evidence 
that atropine is detrimental during cardiac arrest. However, rou-
tine use of atropine during cardiac arrest with these rhythms is 
unlikely to have beneit and is no longer recommended.

Sodium Bicarbonate

Although sodium bicarbonate was used commonly during CPR 
in the past, little evidence supports its eficacy. Use of sodium 
bicarbonate during resuscitation has been based on the theoreti-
cal considerations that acidosis lowers ibrillation threshold and 
impairs the physiologic response to catecholamines. But most 
studies have failed to demonstrate improved success of deibril-
lation or resuscitation with the use of bicarbonate.106,107 The lack 
of effect of buffer therapy may be partially explained by the slow 
onset of metabolic acidosis during cardiac arrest. As measured by 
blood lactate or base deicit, acidosis does not become severe for 
15 or 20 minutes of the cardiac arrest.41,108

In contrast to the lack of evidence that buffer therapy during 
CPR improves survival, the adverse effects of excessive sodium 
bicarbonate administration are well documented. In the past, 
metabolic alkalosis, hypernatremia, and hyperosmolarity were 
common after administration of bicarbonate during resuscita-
tion attempts.108,109 These abnormalities are associated with low 
resuscitation rates and poor outcomes.

Intravenous sodium bicarbonate combines with a hydrogen ion 
to produce carbonic acid that dissociates into CO2 and water. The 
partial pressure of CO2 in blood is temporarily elevated until the 
excess CO2 is eliminated through the lungs. Tissue acidosis dur-
ing CPR is caused primarily by the low blood low and accumula-
tion of CO2 in the tissues.41 Therefore, concern has been expressed 
that the liberation of CO2 by bicarbonate administration would 
only worsen the existing problem. This is of particular concern 
within myocardial cells and the brain. CO2 readily diffuses across 
cell membranes and the blood–brain barrier, whereas bicarbonate 
diffuses much more slowly. Thus, it is possible that sodium bicar-
bonate administration could result in a paradoxical worsening of 
intracellular and cerebral acidosis by further raising intracellular 

and cerebral CO2 without a balancing increase in bicarbonate. 
Direct evidence for this effect has not been found. Use of clinically 
relevant doses causes no change in spinal luid acid–base status 
or myocardial intracellular pH during bicarbonate administra-
tion.110,111 Therefore, paradoxical acidosis from sodium bicarbon-
ate therapy remains a concern primarily on theoretical grounds.

Routine use of sodium bicarbonate is not recommended for 
patients in cardiac arrest. Current practice restricts its use to 
arrests associated with hyperkalemia, severe pre-existing meta-
bolic acidosis, and tricyclic or phenobarbital overdose. It may be 
considered for use in protracted resuscitation attempts after other 
modalities have been instituted and failed. When bicarbonate is 
used in these circumstances, the usual dose is 1 mEq/kg. How-
ever, dosing of sodium bicarbonate should be guided by blood–
gas determination of acid–base status, whenever possible.

calcium

With normal cardiovascular physiology, calcium increases myo-
cardial contractility and enhances ventricular automaticity (see 
Chapter 10). Consequently, it has been advocated as a treatment 
for asystole and PEA. Early animal studies showed moderate suc-
cess with calcium chloride in asphyxial arrest, although vasopres-
sors were better.13 In 1981, Dembo112 reported dangerously high 
serum calcium levels (up to 18.2 mg/dL) during CPR and ques-
tioned the eficacy of calcium in cardiac arrest. Subsequently, 
several retrospective studies and prospective clinical trials during 
out-of-hospital cardiac arrest showed that calcium was no better 
than placebo in promoting resuscitation and survival from asys-
tole or PEA.113–116 Consequently, because of potentially deleteri-
ous effects, routine use of calcium is not recommended during 
CPR unless speciic indications exist. Calcium may prove useful 
if hyperkalemia, hypocalcemia, or calcium channel blocker tox-
icity is present. There are no other indications for its use during 
CPR. When calcium is administered, the chloride salt is recom-
mended because it produces higher and more consistent levels of 
ionized calcium than other salts. The usual dose is 2 to 4 mg/kg 
of the 10% solution administered slowly intravenously. Calcium 
gluconate contains one-third as much molecular calcium as does 
calcium chloride and requires metabolism of gluconate in the 
liver.

ELECTRICAL THERApY

electrical pattern and duration  
of Ventricular fibrillation

Ventricular ibrillation is the most common ECG pattern found 
during witnessed sudden cardiac arrest in adults. The only con-
sistently effective treatment is electrical deibrillation. The most 
important controllable determinant of failure to resuscitate a 
patient with VF is the duration of ibrillation.117 Other important 
factors, such as underlying disease and metabolic status, are largely 
beyond the control of rescuers. The ibrillating heart has high oxy-
gen consumption, increasing myocardial ischemia and decreasing 
the time to irreversible cell damage. The longer VF continues, the 
more dificult it is to deibrillate and the less likely is successful  
resuscitation.59,118 If deibrillation occurs within 1 minute of 
ibrillation, CPR is unnecessary for resuscitation. Initial resusci-
tation success following out-of-hospital ibrillation and survival 
to hospital discharge are improved the earlier deibrillation is 
accomplished.19,119

11
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The coarseness of the ibrillatory waves on the ECG may relect 
the severity and duration of the myocardial insult and thus have 
prognostic signiicance.120 However, the ibrillation amplitude 
seen on any one ECG lead varies with the orientation of that lead 
to the vector of the ibrillatory wave.121 If the lead is oriented at 
right angles to the ibrillatory wave, a lat line can be seen. For this 
reason, the trace from a second lead or from a different position 
of paddle electrodes should always be inspected before a decision 
is made not to deibrillate. Low-amplitude ibrillatory waveforms 
are less likely to be associated with successful resuscitation and 
more likely to convert to asystole following deibrillation.120 Sim-
ilarly, low-frequency ibrillatory waveforms are associated with 
poor outcome, and the median frequency of the waveform cor-
relates with myocardial perfusion during CPR and with success of 
deibrillation.122,123 Multiple studies in animals and humans have 
shown that analysis of the VF waveform can predict, with vary-
ing reliability, the success of deibrillation attempts.120,123–126 It is 
not yet clear whether such waveform analysis can predict success 
of resuscitation or direct modiication of therapy prospectively. 
Catecholamines with β-adrenergic activity increase the vigor of 
ibrillation and the amplitude of the electrical activity, leading to 
the practice of administering epinephrine to make it “easier” to 
deibrillate. However, experimental work has shown that manip-
ulation of the electrical pattern with epinephrine does not inlu-
ence the success of deibrillation or reduce the energy needed  
for deibrillation.118,127 Consequently, deibrillation should not be 
delayed for drug administration.

defibrillators: energy, current, and Voltage

Deibrillators derive power from a line source of alternating 
current or an integral battery. The typical deibrillator consists 
of a variable transformer that allows selection of a variable volt-
age potential, an alternating/direct current converter to provide 
a direct current that is stored in a capacitor, a switch to charge 
the capacitor, and discharge switches to complete the circuit 
from capacitor to electrodes. Deibrillators are classiied by the 
current waveform delivered: monophasic (current lows in one 
direction between electrodes) or biphasic (current reverses direc-
tion between electrodes during the shock). Until the past decade, 
the current waveform of most deibrillators was a monophasic 
damped half-sinusoid, although some delivered a monophasic 
truncated exponential waveform. Many of these monophasic 
deibrillators are still in use, although nearly all new deibrillators, 
including most AEDs, deliver either a biphasic truncated expo-
nential waveform or a rectilinear biphasic waveform.

The AED is a device that monitors the ECG, recognizes VF, 
charges automatically, and gives a deibrillatory shock.128 It has 
allowed the introduction of deibrillation into irst-responder emer-
gency medical system (EMS) networks and public access deibrilla-
tion because minimally trained individuals can incorporate deibril-
lation into BLS skills, improving survival in out-of-hospital arrest by 
reducing time to delivery of the irst shock.18–20,129 The algorithms 
these devices use to detect VF are accurate with nearly perfect speci-
icity. They will not deibrillate a nonibrillatory rhythm. Sensitivity 
rates are somewhat lower. They sometimes have trouble recognizing 
low-amplitude VF and can misinterpret pacemaker spikes as QRS 
complexes. Unfortunately, rhythm analysis can require up to 90 
seconds during which chest compressions are not being given. This 
may adversely inluence the outcome in some circumstances.

Deibrillators have been developed that measure transthoracic 
impedance prior to the shock by passing a low-voltage current 
through the chest during the charge cycle.130,131 Although not in 
clinical use, this technology allows current-based deibrillation by 

adjusting the delivered energy for the measured resistance, per-
mitting the use of low-energy shocks in appropriate patients and 
identiication of victims needing higher energy.132

Deibrillation is accomplished by current passing through a 
critical mass of myocardium, causing simultaneous depolariza-
tion of the myoibrils. However, the output of deibrillators is 
indicated in energy units (joules or watt-seconds), not current 
(amperes). The relationships among energy, current, and imped-
ance (resistance) are given by the following equations (standard 
units are indicated):

Energy (joules) Power (watts) Duration (sec= × oonds)
 

(58-1)

Power (watts) Potential (volts) Current (am= × pperes)
 

(58-2)

Current (amperes) Potential (volts)/Resista= nnce (ohms)
 

(58-3)

Current (amperes)
{Energy (joules)/[Resist= aance (ohms) Duration (seconds)]}1/2×

 (58-4)

From these equations, it can be determined that as the imped-
ance between the paddle electrodes increases, the delivered energy 
will be reduced. Because internal resistance is low, the primary 
determinant of delivered energy will be transthoracic impedance. 
For consistency, the energy level indicated on most commercially 
available deibrillators is the output when discharged into a 50-ohm 
load. When transthoracic impedance is higher than that standard, 
actual delivered energy will be lower. Even at a constant delivered 
energy, equation 58-4 indicates that delivered current (the criti-
cal determinant of deibrillation) will be reduced as impedance 
increases. At high impedance and relatively low energy levels, cur-
rent could be too low for deibrillation. Optimal success of deibril-
lation is obtained by keeping impedance as low as possible.

transthoracic impedance

Transthoracic impedance has been measured between 15 and 
143 ohms in human deibrillation.133 (see Chapter 10). The 
 average transthoracic impedance in human deibrillation is 70 to  
80 ohms. Many of the important factors in minimizing transtho-
racic impedance are under the control of the rescuers. Resistance 
decreases with increasing electrode size, and studies suggest that 
optimal paddle size may be 13 cm in diameter.134,135 For adults, 
handheld paddle electrodes and self-adhesive pad electrodes are 
most commonly 8 to 12 cm in diameter and work well in practice. 
Gel pads, electrode paste, or self-adhesive deibrillation or moni-
tor pads speciically designed to conduct electricity in the deibril-
lation setting must be used.134,135 When paste is used, it should 
be applied liberally to the paddle surface, especially the edges, to 
prevent burns and to obtain the maximum reduction in imped-
ance. Transthoracic impedance is slightly, but signiicantly, higher 
during inspiration than during exhalation.136 Air is a poor elec-
trical conductor. Firm paddle pressure of at least 11 kg reduces 
resistance by improving paddle-to-skin contact and by expelling 
air from the lungs.133 Resistance is probably of little clinical signii-
cance when reasonably proper technique and high-energy shocks 
are used. For lower energy shocks, great care should be taken to 
minimize resistance.

adverse effects and energy Requirements

Repeated deibrillation with high energy in animals can be asso-
ciated with dysrhythmias, ECG changes suggesting myocardial 
damage, and morphologic evidence of myocardial necrosis.137,138 
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Whether similar injuries occur in humans is less certain. Slight 
elevations in creatine kinase–MB fractions have been measured 
in patients following cardioversion with high energies.139 A higher 
incidence of atrioventricular block has been observed in patients 
receiving high-energy shocks than in patients receiving low-energy 
shock.140 It seems likely that high-energy shocks, especially if 
repeated at close intervals, may result in myocardial damage. How-
ever, if energy is too low, the delivered current may be insuficient 
for deibrillation, especially when transthoracic impedance is high. 
There appears to be little risk of signiicant myocardial injury with 
currently recommended energy levels.

Older studies using monophasic waveform deibrillators found 
a general relationship between body size and energy requirements 
for deibrillation. Geddes et al.141 observed that the current that is 
necessary for deibrillation in animals increased with increasing 
body mass. Children need less energy than adults, perhaps as low 
as 0.5 J/kg,142 although the recommended dose is 2.0 to 4.0 J/kg, 
similar to that for adults.29 Clinically, over the size range of adults, 
weight variability is not clinically signiicant and other factors are 
more important.117 Studies of out-of-hospital and in-hospital 
arrests have demonstrated equal success when using ≤200 J ini-
tial energy compared with administering all shocks at energies  
≥300 J.140,143 Both monophasic and biphasic waveforms are suc-
cessful in terminating VF. Neither waveform has been associated 
with better return of spontaneous circulation or survival.

Prior to 2005, the AHA recommendation for deibrillation 
with monophasic waveform devices was to use a stacked shock 
approach with an initial shock or 200 J followed immediately by a 
second shock at 200 to 300 J if the irst was unsuccessful, followed, 
if both failed, by a third shock at 300 to 360 J.144 However, the sec-
ond and third shocks add limited incremental beneit and caused 
signiicant interruptions in chest compressions with reduced 
survival. With monophasic deibrillators, a single shock of 360 J 
should be given with immediate resumption of chest compres-
sions (see Figs. 58-2 and 58-4).

Termination of VF with biphasic shocks has occurred at lower 
energies than any of the monophasic waveforms.145 Selected ener-
gies of 150 to 200 J are generally effective with biphasic truncated 
exponential waveforms, and a selected energy of 120 J is effec-
tive with a rectilinear biphasic waveform. If the speciic bipha-
sic device being used has an indicated effective dose, the user 
should select that dose. If the effective dose for a biphasic device 
is unknown, a dose of 200 J may be selected. This dose may not 
be optimal but falls within the effective dose range of nearly all 
biphasic devices. As with the monophasic devices, a single shock 
should be delivered with immediate resumption of chest com-
pressions. If additional shocks are necessary, they may be given at 
the same or higher dose.

pUTTINg IT ALL TOgETHER

Since the mid-1970s, CPR has become widely practiced, facili-
tated by the efforts of the AHA, the International Red Cross, the 
European Resuscitation Council, and many other organizations 
around the world. The International Liaison Committee on Resus-
citation, in conjunction with the AHA, periodically conducts an 
international review of the published science regarding CPR and 
emergency cardiac care. The resulting Consensus on Science and 
Treatment Recommendations146 comprises the most complete 
evidence-based compilation of scientiic data related to CPR prac-
tice. Individual organizations, including the AHA, use these data 
to develop guidelines for CPR practice. However, no common 
infrastructure exists that allows adoption of true international 
guidelines for CPR.

Following each consensus conference, the AHA reines and 
publishes speciic guidelines for the teaching and practice of CPR 
in the United States.29,144 These guidelines are developed because 
numerous individuals with varying levels of expertise (laypersons, 
emergency personnel, nurses, and physicians) need to be trained 
if CPR is to be effective in saving lives. For training to be effec-
tive, a standardized approach is needed (see Figs. 58-1 through 
58-4). The AHA and other organizations also develop and sponsor 
courses at different levels of complexity for teaching CPR. The two 
levels of CPR care are referred to as basic life support for ventila-
tion and chest compressions without additional equipment, and 
advanced cardiac life support for using all modalities available for 
resuscitation. Medical personnel need to be well versed in both 
levels of care. BLS is also appropriate for laypersons. The algo-
rithms for approaching the patient with cardiac arrest published 
in the guidelines are familiar to all physicians and are reproduced 
in this chapter.

CARDIOCEREbRAL RESUSCITATION

The AHA guidelines and algorithms are carefully researched using 
the best evidence and experts available. Nevertheless, in spite of 
multiple updates to guidelines for CPR practice and many courses 
for lay public and health care providers, survival rates are dismal 
and have remained stagnant for decades.147 These poor outcomes 
may be attributable, at least in part, to the fact that standard CPR 
is being applied to two pathophysiologically distinct entities 
(respiratory arrest and cardiac arrest) and is not optimal care for 
either. In the former, arrest occurs because of hypoxemia, and 
reoxygenating the blood by effective ventilation is mandatory for 
successful resuscitation. In the latter, arrest occurs because of car-
diac dysrhythmia, usually with normal oxygenation, and attempts 
at ventilation during resuscitation, in fact, are harmful.

What has become clear in the past decade is that improvements 
in the standard clinical process of CPR may be more important 
to increase survival than any new intervention.148 Standardized 
quality control of CPR practice is mandatory during any clini-
cal trial if meaningful results are to be achieved. A continuous 
quality-improvement model may be more relevant to improved 
outcomes than the randomized control trial. Recognizing that 
the vast majority of cardiac arrests are dysrhythmic in origin, this 
approach has been taken in Arizona.149,150 After establishing a 
statewide database, signiicant changes to the 2000 AHA standard 
guidelines were implemented in 2003. This approach to the victim 
of sudden cardiac death has been called cardiocerebral resuscitation 
(CCR) or minimally interrupted cardiac resuscitation. Although the 
nuances of the technique continue to evolve, the basic outline of 
CCR as practiced in Tucson is shown in the Figure 58-7. Reine-
ment of the AHA guidelines has aligned the two approaches, but 
there remain differences from the 2010 AHA cardiac arrest algo-
rithm (see Figs. 58-2 and 58-4).

time-sensitive model of  
Ventricular fibrillation

Weisfeldt and Becker151 have described untreated VF as a time-
sensitive model with three phases: electrical, circulatory, and met-
abolic. The electrical phase occurs during the irst 4 to 5 minutes 
of the arrest, and early deibrillation is critical for success dur-
ing this time. The hemodynamic phase follows for the next 10 to 
15 minutes, when perfusing the myocardium and brain with oxy-
genated blood is critical. This is followed by what has been called 
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the metabolic phase, when the ischemic injury to the heart is so 
great that it is not clear what interventions will be successful.

Prompt deibrillation during the electrical phase is when CPR 
has had the most dramatic effect and why public-access AED has 
proven beneicial. The longer VF continues, the more dificult it is 
to deibrillate and the less likely is successful resuscitation. AEDs 
have been employed successfully in many settings, including air-
planes, airports, casinos, and in the community. The success of 
public access deibrillation was dramatically demonstrated by 
the results of installing AEDs in Chicago airports where, over the 
irst 2 years, there was a 55% 1-year neurologically intact survival 
rate.152 Similarly, when AEDs were installed in Las Vegas casinos 

and security personnel were instructed in their use, there was 
a 53% survival to discharge (74% in patients who received the 
shock within 3 minutes of collapse).153 If an arrest is witnessed 
and a deibrillator or AED is immediately available, then deibril-
lation should be the irst priority in resuscitation. However, in 
the usual out-of-hospital rescue with emergency medical techni-
cians or paramedics doing the deibrillation, a rapid response is to 
apply the irst shock in 6 to 7 minutes, and the time to irst shock 
frequently is more than 10 minutes.

With the onset of VF and cessation of coronary perfusion, 
the high oxygen consumption of the ibrillating heart causes the 
rapid depletion of myocardial high-energy phosphates, reducing 

EMS Arrival at Patient’s Side

Adequate bystander -administered chest compressions

Assess rhythm (1) and pulse check (2)

No or inadequate bystander chest
compressions

Administer 200 chest compressions

Ventricular fibrillation

• Paramedic inserts OP airway, applies
  O2 mask, secures IV access, and gives
  1 mg epinephrine as soon as possible

Nonventricular fibrillation

• Administer 200 chest compressions

• Paramedic inserts OP airway, applies
  O2 mask, secures IV access, and gives
  1 mg epinephrine as soon as possible

Assess rhythm (1) and pulse check (2)

Out-of-Hospital Cardiac Arrest

• Administer second shock (maximum
  output) followed immediately by 200
  chest compressions

• Give second IV epinephrine (1 mg)
  during administration of chest
  compressions

Assess rhythm (1) and pulse check (2)

• Administer third shock (maximum output)
  followed immediately by 200 chest
  compressions

• Give second IV epinephrine (1 mg)
  during administration of 200 chest
  compressions
• Assess rhythm, ventilate, intubate (3)

• Administer 200 chest compressions

• Give 1 mg IV epinephrine during each
  cycle of 200 chest compressions

• Assess rhythm, ventilate, intubate (3)

• Continue until a total of 3 cycles of
  epinephrine and chest compressions
  or successful resuscitation

Call base station for medical
direction if resuscitation has

not been successful

Follow AHA guidelines

Assess rhythm (1) and pulse check (2)

Ventricular fibrillation Nonventricular fibrillation

Ventricular fibrillation

(1) Assess rhythm

“Quick look” or AED

(2) Pulse checks
Pulse check should:

• Be done only if ECG indicates a
  potentially perfusing rhythm

• Not interrupt chest compressions

• Be very brief

(3) Ventilation/intubation
• Do not attempt intubation until after
  the third set of 200 chest
  compressions

• Ventilate by any other means, if
possible, until successful intubation  

• Administer first shock (maximum output)
  followed immediately by 200 chest
  compressions

FIgURE 58-7. Cardiocerebral resuscitation algorithm. EMS, emergency medical system; OP, oropharyngeal; O2, oxygen; IV, 
intravenous(ly); AHA, American Heart Association.
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the time to irreversible cell damage. Myocardial ATP levels dur-
ing VF correlate with the success of deibrillation and postdei-
brillation contractile function.154 By about 4 minutes, the ATP 
levels in the heart have fallen to levels that make restoration of 
normal contractile function problematic. Effective chest com-
pressions help replete or delay reductions in ATP by generating 
an adequate coronary perfusion pressure to restore myocardial 
blood low. Therefore, the most important intervention during 
the hemodynamic phase of cardiac arrest is producing coro-
nary perfusion with chest compressions before any attempt to 
deibrillate. In the absence of prompt deibrillation, the most 
important intervention for neurologically normal survival from 
cardiac arrest is restoration and maintenance of cerebral and 
myocardial blood low. This is the main principle behind the 
concept of CCR. Because perfusion pressures generated by chest 
compressions are quite low compared with the intact circula-
tion, any interruption of chest compressions markedly reduces 
the chances for neurologically normal survival. Therefore, any 
intervention that interrupts chest compressions is strongly  
discouraged.

Bystander cardiopulmonary Resuscitation

Restoration of cerebral and myocardial blood low must begin at 
the scene of the cardiac arrest. There are many studies document-
ing improved survival if bystanders provide CPR to the victim 
while awaiting arrival of EMS. Unfortunately, the incidence of 
bystander CPR has been falling for 3 decades. Therefore, a focus 
of the CCR initiative is to increase bystander participation by 
making the intervention easier to learn and to perform. The rea-
sons for bystander’s reluctance to intervene are multiple but seem 
to be primarily (a) lack of training, (b) the complexity of the task, 
and (c) fear of harm. Many of these concerns focus on the mouth-
to-mouth ventilation part of the CPR intervention.155–157 One 
survey indicated that only 15% of laypersons would perform CPR 
with mouth-to-mouth ventilation on a stranger. When given the 
option of doing chest compressions only, 68% indicated they 
would perform CPR on a stranger.157

If the airway remains patent during CPR, chest compressions 
cause substantial air exchange. Early studies in anesthetized, para-
lyzed humans suggested that the airway would not remain open 
in the unconscious,6,7 leading to the teaching that airway control 
and artiicial ventilation must accompany chest compressions. 
However, there are considerable data to suggest that eliminating 
mouth-to-mouth ventilation early in the resuscitation of wit-
nessed ibrillatory cardiac arrest is not detrimental to outcome 
and may improve survival. Data from the Belgian CPCR Registry 
has demonstrated that 14-day survival and neurologic outcome 
are the same if bystanders initiate full BLS or perform chest com-
pressions only. Both are signiicantly better than if the bystanders 
only do mouth-to-mouth ventilation or attempt no CPR.158,159 A 
recent Japanese study found better survival in victims who received 
bystander chest compression–only CPR than in those who received 
both chest compressions and mouth-to-mouth ventilation from 
bystanders.160

The necessity for ventilation during BLS has been studied 
in animal models. Since 1993, there have been six studies con-
taining data from 169 swine demonstrating that in prolonged 
ibrillatory cardiac arrest, neurologically intact survival is the 
same with chest compression–only resuscitation as with ideal-
ized standard CPR (as recommended by the 2000 AHA guide-
lines144) with a 15:2 compression-to-ventilation ratio and when 
compressions are only interrupted for 4 seconds to provide ven-
tilation.161–164 However, it has been demonstrated that a single 

lay rescuer interrupts chest compressions for an average of  
16 seconds to deliver the two recommended mouth-to-mouth 
ventilations.165 When the 15:2 compression-to-ventilation ratio 
with 16-second pauses for ventilation was tested in the swine 
model of prolonged ibrillatory arrest, standard CPR resulted in 
just 13% 24-hour survival compared with 73% in animals receiv-
ing chest compressions only.166

Recognizing the deleterious effects of prolonged pauses in 
chest compressions for ventilation, the 2005 AHA guidelines 
changed the compression-to-ventilation ratio from 15:2 to 30:2, 
recommending that ventilation be done in 2 to 4 seconds. When 
the 30:2 ratio with a more realistic 16-second pause for ventila-
tions is compared with continuous chest compressions without 
ventilation in the animal model, the 24-hour neurologically nor-
mal survival is only 42% in the 30:2 group compared with 70% in 
the continuous compressions group.167

Based on these studies, one component of the CCR initiative 
has been a public education program stressing immediate call to 
911 and continuous chest compressions without ventilation in 
the case of witnessed unexpected sudden collapse in adults. The 
major advantage of this program is that lay individuals can be 
taught CCR in a very short period with excellent retention. In Ari-
zona between 2005 and 2009, the rate of bystander CPR increased 
from 28% to 40%, the rate of chest compression only CPR among 
bystanders increased from 20% to 76%, and rate of survival to 
hospital discharge during those years was 7.8% for those receiv-
ing standard CPR and 13.3% for those receiving chest compres-
sion–only CPR.168 The importance of minimizing interruptions 
in chest compressions was emphasized in a science advisory by 
the AHA recommending “Hands-Only CPR” for the lay public.169

cardiocerebral Resuscitation  
during advanced life Support

Recognizing that dysrhythmic arrest is most common in adults 
and the importance of establishing blood low, the most recent 
AHA guidelines have recommended that CPR be initiated in 
the unresponsive individual with chest compressions before any 
attempt at ventilation when a single rescuer is present.29 The 
principle of not interrupting chest compressions in order to 
maintain cerebral and myocardial perfusion applies to resuscita-
tion attempts by health care providers as well as lay bystanders. 
The adverse hemodynamic consequences of interrupting chest 
compressions have been well documented.170 Blood low stops 
almost immediately with cessation of chest compressions and 
returns slowly when they are resumed. Several compressions are 
necessary before perfusion pressures return to the levels obtained 
before compressions were stopped. This is particularly true for 
prolonged, repeated pauses for ventilation. But it is also relevant 
for the many other interruptions that occur during resuscita-
tion: pulse checks, rhythm analysis, charging the deibrillator, 
stacked shocks, intubation, patient assessment, and intravenous 
line placement. Recent reports have documented that paramedics 
spend only about half the time during a resuscitation doing chest 
compressions, mostly because they are following the standard 
guidelines.21,171

Consequently CCR emphasizes that chest compressions are to 
be paused only when absolutely necessary, and then for the short-
est time possible. Initial airway management consists of inser-
tion of an oropharyngeal airway and providing oxygen by mask. 
Intravenous line placement should not require cessation of chest 
compressions. Pulse checks occur only during pauses for rhythm 
analysis. Rescue breaths or assisted ventilation or intubation are 
delayed until return of spontaneous circulation or until at least 
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three cycles of compressions–rhythm analysis–shock are com-
plete. The second rescuer’s priorities are obtaining intravenous 
access, delivering drugs, and relieving the individual giving chest 
compressions. If there is time and resources for airway manage-
ment, ventilation and intubation are encouraged to take place 
while chest compressions continue.

Once ventilation begins, rescuers must be aware of the poten-
tially deleterious effects of positive-pressure ventilation.172,173 
Positive-pressure ventilation increases intrathoracic pressure, 
reducing venous return, cardiac output, and coronary perfusion 
pressure and adversely affecting survival. These effects are ampli-
ied by the fact that physicians and paramedics often ventilate at 
rates that are many times the recommended 10 breaths per min-
ute, even after extensive retraining.171–174

Rhythm analysis and defibrillation

As mentioned previously, after 4 to 5 minutes of VF, the myo-
cardium is so depleted of high-energy phosphates that develop-
ment of a normal contractile state is dificult, if not impossible. 
Therefore, immediate deibrillation during the circulatory phase 
is counterproductive, usually producing either asystole or pulse-
less electrical activity. In Seattle, it has been noted that patients 
who had CPR prior to deibrillation had a better survival, and the 
improvement was accounted for by better results in the group 
of patients in whom the response time was >4 minutes.175 In a 
randomized trial of 200 out-of-hospital cardiac arrests in Oslo, 
there was a highly signiicant improvement in outcome if CPR 
was provided before deibrillation when the response time was 
>5 minutes.176 Consequently, during CCR, resuscitation is initi-
ated with 200 continuous chest compressions at a rate of 100 per 
minute unless bystanders are already providing good chest com-
pressions. Rhythm analysis and deibrillation, if indicated, follow. 
Pulse checks are done only during the period of rhythm analysis.

The interruption caused by stacked deibrillatory shocks was 
discussed previously. When combined with time for rhythm anal-
ysis and postshock pulse checks, this interruption may be unac-
ceptably long or even fatal when an AED is in use instead of an 
experienced clinician interpreting the rhythm with a manual dei-
brillator.177,178 The postshock pulse check detects a pulse in only 
2.5% of the victims. The success rate of a single shock is between 
70% and 85% with most monophasic waveform deibrillators and 
>90% with the newer biphasic waveform units. Recognizing these 
concerns, both CCR as well as the current AHA guidelines for 
CPR recommend a single shock at 360 J for monophasic deibril-
lators and at the manufacturer’s recommended power for bipha-
sic units, with immediate resumption of chest compressions.

In prolonged VF arrest, successful deibrillation almost always 
results in asystole or pulseless electrical activity, as indicated by the 
extremely small number of victims with a pulse following shocks. 
In fact, the standard laboratory model for pulseless electrical activ-
ity is prolonged VF followed by deibrillation, all without chest 
compressions. Immediately restarting chest compressions after 
deibrillation to provide coronary perfusion nearly always results in 
reversion to a perfusing rhythm.149 This certainly suggests that the 
best chance for restoration of spontaneous circulation following 
deibrillation will be by immediately resuming chest compressions 
without waiting to check a pulse or reanalyze the ECG rhythm.

cardiocerebral Resuscitation in practice

In summary, CCR is an approach to the victim of cardiac arrest 
that maximizes the chances for restoring and maintaining 

 cerebral and myocardial perfusion at levels that promote neu-
rologically intact survival. For bystanders, it emphasizes acti-
vating the EMS as soon as possible and providing continuous 
chest compressions until help arrives. Immediate deibrillation 
is encouraged if the collapse is witnessed and a deibrillator 
or AED is promptly available. If the collapse is not witnessed, 
200 continuous chest compressions (100 per minute) are per-
formed before rhythm analysis and deibrillation. If a shock-
able rhythm exists, a single shock of 360 J monophasic (or the 
manufacturer’s recommended dose biphasic) is administered 
and continuous chest compressions are immediately resumed. 
Pulse checks are done only during rhythm analysis. Intrave-
nous administration of drugs is encouraged as soon as possible 
but without interruption of continuous chest compressions. 
Most of these principles are also incorporated in the 2010 AHA 
guidelines for CPR and ECC, although there remain some dif-
ferences in practice.29

Initial results of applying the CCR principles to EMS for out-of-
hospital cardiac arrest are beginning to be reported. In rural Rock 
and Walworth counties in Wisconsin, in the 3 years preceding a 
change to CCR, there were 92 witnessed out-of-hospital adult car-
diac arrests with an initially shockable rhythm, of whom 18 sur-
vived and 14 (15%) were neurologically intact. In the irst 3 years 
of using CCR in these counties, there were 89 witnessed out-of-
hospital cardiac arrests of whom 42 (47%) survived and 35 (39%) 
were neurologically intact.179 In two large metropolitan Arizona 
cities after institution of minimally interrupted cardiac resuscita-
tion by the EMS, the rate of survival nearly tripled.180 Among the 
886 patients, survival to hospital discharge increased from 1.8% to 
5.4% after CCR training, and in the subgroup of 174 patients with 
witnessed cardiac arrest with VF, survival increased from 4.7% to 
17.6%. These highly statistically signiicant results are encouraging 
that a signiicant improvement in outcome from sudden cardiac 
death is possible.

pEDIATRIC CARDIOpULMONARY 

RESUSCITATION

The principles of CPR discussed previously also apply to the child 
in cardiac arrest. Arrest is less likely to be a sudden event and more 
likely related to progressive deterioration of respiratory and circu-
latory function in the pediatric age group. Airway and ventilation 
problems lead to asystole and PEA as the most common presenting 
rhythms. However, the consequences of myocardial and cerebral 
ischemia are the same as for the adult, and the basic approach to 
the unresponsive victim is similar (Fig. 58-8). The speciic ana-
tomic and physiologic considerations necessary for the child will be 
familiar to anesthesiologists. The special circumstance of neonatal 
resuscitation has been discussed in other chapters.

The problem of airway management in the infant is well 
known to the anesthesiologist. Effective ventilation is especially 
critical because respiratory problems are frequently the cause 
for arrest. Mouth-to-mouth or mouth-to-nose and mouth (for 
infants) can be used as well as bag-valve–mask devices until intu-
bation is possible. Cardiac compression in the infant is provided 
with two ingers on the midsternum or by encircling the chest 
with the hands and using the thumbs to provide compression. 
For the small child, compression can be provided with one hand 
on the midsternum.

The algorithm for pulseless arrest in the child is shown in Fig-
ure 58-9. Although deibrillation is less frequently necessary in 
children, the same principles apply as in the adult. However, the 
recommended starting energy is 2 J/kg (monophasic or biphasic), 
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8

6

7

5

4

3
3A

2

1

Definite
Pulse

No Pulse

Shockable Not Shoc kable

Unresponsive
Not breathing or only gasping

Send someone to activate emergency
response system, get AED/defibrillator

© 2010 American Heart Association

•  Give 1 breath every
   3 seconds
•  Add compressions
   if pulse remains
   <60/min with
   poor perfusion
   despite adequate
   oxygenation and
   ventilation
•  Recheck pulse every
   2 minutes

Lone Rescuer: For SUDDEN COLLAPSE,
activ ate emergency response system,

get AED/defibrillator

Check pulse:
DEFINITE pulse

within 10 seconds?

Pediatric BLS Health Care Providers

After about 2 minutes, activ ate emergency response system and get
AED/defibrillator (if not already done).

Use AED as soon as available.

Check rh ythm
Shockable rh ythm?

Give 1 shock
Resume CPR immediately

for 2 minutes

Resume CPR immediately
for 2 minutes

Check rhythm every
2 minutes; continue until

ALS providers take over or
victim starts to move

One Rescuer: Begin cycles of 30 COMPRESSIONS and 2 BREATHS

Two Rescuers: Begin cycles of 15 COMPRESSIONS and 2 BREATHS

High-Quality CPR

•  Rate at least 100/min
•  Compression
   depth to at least
   one-third anterior–
   posterior diameter of
   chest,  about 1.5 inches
    (4 cm) in infants
   and 2 inches (5 cm)
   in children

•  Allow complete
   chest recoil after each
   compression

•  Minimize interruptions
   in chest compressions

•  Avoid excessive
   ventilation

Note: The boxes bordered with dashed lines are performed
by health care providers and not by lay rescuers

FIgURE 58-8. Pediatric health care provider basic life support algorithm. AED, automatic external defibrillator; CPR, cardio-
pulmonary resuscitation; ALS, advanced life support. (From 2010 American Heart Association Guidelines for cardiopulmonary 
resuscitation and emergency cardiovascular care. Circulation. 2010;122(Suppl 3):S866, with permission.)
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Paediatric Cardiac Arrest

Shout for Help/Activate Emergency Response

Yes

Yes

Shoc k

Shock

Yes

Yes

Yes

Shock

No

1

2

3

4

5

6

7

8 11

12

10

9

No

No

No

No

Start CPR
•  Give oxygen
•  Attach monitor/defibrillator

CPR 2 minutes
•  IO/IV access

CPR 2 minutes
•  Epinephrine every 3–5 minutes
•  Consider advanced airway

CPR 2 minutes
•  Amiodarone
•  Treat reversible causes

CPR 2 minutes
•  Treat reversible causes

•  Asystole/PEA → 10 or 11
•  Organized rhythm → check pulse
•  Pulse present (ROSC) →
   postcardiac arrest care

CPR 2 minutes
•  IO/IV access
•  Epinephrine every 3–5 minutes
•  Consider advanced airway

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

VF/VT Asystole/PEA

Go to 5 or 7

CPR Quality
•  Push hard (≥1/3 anterior-
   posterior diameter of chest)
   and fast (at least 100/min)
   and follow complete chest
   recoil
•  Minimize interruptions in
   compressions
•  Avoid excessive ventilation
•  Rotate compressor every
   2 minutes
•  If no advanced airway,
   15:2 compression-
   ventilation ratio. If advanced
   airway, 8-10 breaths per
   minute with continuous
   chest compressions

© 2010 American Heart Association

Shock Energy
for Defibrillation
First shock 2 J/kg, second
shock 4 J/kg, subsequent
shocks ≥4 J/kg, maximum
10 J/kg or adult dose.
Drug Therapy
•  Epinephrine IO/IV Dose:
   0.01 mg/kg {0.1 mLAg of
   1:10 000 concentration).
   Repeat every 3-5 minutes.

   If no IO/IV access, may
   give endotracheal dose:
   0.1 mg/kg (0.1 mLVkg of
  1:1000 concentration).
•  Amiodarone IO/IV Dose:
   5 mg/kg bolus during
   cardiac arrest. May repeat
   up to 2 times for refractory
   VF/pulseless VT.

Advanced Airway
•  Endotracheal intubation
   or supraglottic advanced
   airway
•  Waveform capnography
   or capnometry to confirm
   and monitor ET tube
   placement
•  Once advanced airway in
   place give 1 breath every
   6-8 seconds (8-10 breaths
   per minute)

Return of Spontaneous
Circulation (ROSC)
•  Pulse and blood pressure
•  Spontaneous arterial
   pressure waves with
   infra-arterial monitoring

Reversible Causes
–  Hypovolemia
–  Hypoxia
–  Hydrogen ion (acidosis)
–  Hypoglycemia
–  Hypo-/hyperkalemia
–  Hypothermia
–  Tension pneumothorax
–  Tamponade, cardiac
–  Toxins

Doses/Details
CPR Quality
•  Push hard (≥1/3 of anterior–
   posterior diameter of chest)
   and fast (at least 100/min)
   and allow complete chest
   recoil
•  Minimize interruptions in
   compressions
•  Avoid excessive ventilation
•  Rotate compressor every
   2 minutes
•  If no advanced airway,
   15:2 compression–
   ventilation ratio. If advanced
   airway, 8–10 breaths per
   minute with continuous
   chest compressions

Shock Energy
for Defibrillation
First shock 2 J/kg, second
shock 4 J/kg, subsequent
shocks ≥4 J/kg, maximum
10 J/kg or adult dose.
Drug Therapy
•  Epinephrine IO/IV Dose:
   0.01 mg/kg (0.1 mL/kg of
   1:10,000 concentration).
   Repeat every 3–5 minutes.

   If no IO/IV access, may
   give endotracheal dose:
   0.1 mg/kg (0.1 mL/kg of
  1:1,000 concentration).
•  Amiodarone IO/IV Dose:
   5 mg/kg bolus during
   cardiac arrest. May repeat
   up to 2 times for refractory
   VF/pulseless VT.

Advanced Airway
•  Endotracheal intubation
   or supraglottic advanced
   airway
•  Waveform capnography
   or capnometry to confirm
   and monitor ET tube
   placement
•  Once advanced airway in
   place give 1 breath every
   6–8 seconds (8–10 breaths
   per minute)

Return of Spontaneous
Circulation (ROSC)
•  Pulse and blood pressure
•  Spontaneous arterial
   pressure waves with
   intra-arterial monitoring

Doses/Details

Reversible Causes
–  Hypovolemia
–  Hypoxia
–  Hydrogen ion (acidosis)
–  Hypoglycemia
–  Hypo-/hyperkalemia
–  Hypothermia
–  Tension pneumothorax
–  Tamponade, cardiac
–  Toxins
–  Thrombosis, pulmonary
–  Thrombosis, coronary

FIgURE 58-9. Pediatric advanced life support pulseless arrest algorithm. CPR, cardiopulmonary resuscitation; VF, ventricular 
fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous(ly); IO, intraosseous(ly); J, joules. (From 
2010 American Heart Association Guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 
2010;122(Suppl 3):S885, with permission.)



 chapteR 58 Cardiopulmonary Resuscitation 1693

P
E
R

IO
P
E
R

A
T
IV

E
 A

N
D

  

C
O

N
S
U

LT
A

T
IV

E
 S

E
R

V
IC

E
S

ECG, electrocardiogram; IV, intravenous; IO, intraosseous; ET, endotracheal.
aFlush with 5 mL of normal saline and follow with ive ventilations.
Adapted from 2010 American Heart Association Guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2010;122:S882.

TAbLE 58-3.  PediatriC advanCed life suPPort mediCation for CardiaC arrest and 

symPtomatiC arrhythmias

Drug Dosage (Pediatric) Remarks

Adenosine 0.1 mg/kg (maximum, 6 mg) Monitor ECG during dose

Repeat: 0.2 mg/kg (maximum, 12 mg) Rapid IV/IO bolus

Amiodarone 5 mg/kg IV/IO Monitor ECG and blood pressure

Repeat up to 15 mg/kg Adjust administration rate to urgency

Maximum: 300 mg

Use caution when administering with other  
drugs that prolong QT

Atropine 0.02 mg/kg IV/IO
0.04–0.06 mg/kg ETa

Repeat once if needed
Minimum dose: 0.1 mg
Maximum single dose: 0.5 mg

Higher doses may be given with organophosphate 
poisoning

Calcium chloride (10%) 20 mg/kg IV/IO (0.2 mL/kg) Give slow IV push for hypocalcemia, 
hypermagnesemia, calcium channel blocker 
toxicity

Epinephrine 0.01 mg/kg (0.1 mL/kg 1: 10,000) IV/IO May repeat every 3–5 min

0.1 mg/kg (0.1 mL/kg 1:1,000) ETa

Maximum dose: 1 mg IV/IO; 2.5 mg ET

Glucose 0.5–1.0 g/kg IV/IO Newborn: 5–10 mL/kg D10W

Children: 2–4 mL/kg D25W

Adolescents: 1–2 mL/kg D50W

Lidocaine Bolus: 1 mg/kg IV/IO —

Maximum dose: 100 mg

Infusion: 20–50 µg/kg per minute

Magnesium sulfate 25–50 mg/kg IV/IO over —

10–20 min; faster in torsades

Maximum dose: 2 g

Naloxone ≤5 years or ≤20 kg: 0.1 mg/kg IV/IO/ETa

≥5 y or >20 kg: 2 mg IV/IO/ETa
Use lower doses to reverse respiratory depression 

associated with therapeutic opioid use (1–5 µg/kg)

Procainamide 15 mg/kg IV/IO over 30 to 60 min Monitor ECG and blood pressure

Adult dose: 20 mg/min IV infusion up to  
total maximum dose of 17 mg/kg

Use caution when administering with other drugs 
that prolong QT

Sodium bicarbonate 1 mEq/kg IV/IO slowly After adequate ventilation

which is doubled if deibrillation is unsuccessful. Considerations 
for drug administration are the same as for the adult, except that 
the interosseous route in the anterior tibia is a particularly attrac-
tive option in small children. Drug therapy is similar to that of the 
adult but plays a larger role because electrical therapy is less often 
needed (Table 58-3). The pediatric algorithms for bradycardia 
and tachycardia are shown in Figures 58-10 and 58-11.

pOSTRESUSCITATION CARE

The major factors contributing to mortality following successful 
resuscitation are progression of the primary disease and cere-
bral damage suffered as a result of the arrest. There is  growing 
awareness that many potentially useful interventions during 
active CPR may not result in improved survival because of the 
lack of uniform supportive postresuscitation care, allowing 

 progression to multisystem organ dysfunction and death. For 
optimal outcome, successful restoration of spontaneous circula-
tion must be followed by correction of reversible causes of arrest, 
including immediate coronary reperfusion and aggressive sup-
portive care (Fig. 58-12). Patients with successful restoration 
of spontaneous circulation should be transported to a facility with 
the capability of aggressive postarrest care, including percutane-
ous coronary intervention, hypothermia, and critical care.

Any cardiac arrest, even of brief duration, causes a general-
ized decrease in myocardial function similar to the regional 
hypokinesis seen following periods of regional ischemia. This is 
usually referred to as global myocardial stunning and can be miti-
gated with inotropic agents, if necessary. Active management 
following resuscitation appears to mitigate postischemic brain 
damage and improve neurologic outcomes.181 Although a sig-
niicant number of patients have severe neurologic deicits fol-
lowing resuscitation, aggressive brain-oriented support does not 
seem to increase the proportion surviving in vegetative states. 
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Most severely damaged victims die of multisystem failure within 
1 to 2 weeks.

When low is restored following a period of global brain isch-
emia, three stages of cerebral reperfusion are seen in the ensuing 
12 hours. Immediately following resuscitation, there are multifo-
cal areas of the brain with no relow. Within 1 hour, there is global 
hyperemia followed quickly by prolonged global hypoperfusion. 
Elevation of intracranial pressure is unusual following resuscita-
tion from cardiac arrest. However, severe ischemic injury can lead 
to cerebral edema and increased intracranial pressure in the ensu-
ing days. Seizures are common postresuscitation with or without 
therapeutic hypothermia.181 An electroencephalogram for diag-
nosis of seizure should be done in comatose patients and treat-
ment instituted if indicated.

Postresuscitation support is focused on providing stable oxy-
genation and hemodynamics to minimize any further cerebral 
insult. A comatose patient should be maintained on mechani-

cal ventilation for several hours to ensure adequate oxygenation 
and ventilation. Restlessness, coughing, or seizure activity should 
be aggressively treated with appropriate medications, including 
neuromuscular blockers, if necessary. To avoid oxygen toxicity, 
fraction of inspired oxygen should be titrated to maintain oxy-
gen saturation by pulse oximetry ≥94% or an arterial PaO2 above 
100 mm Hg, and hypocapnia (PaCO2 <30 mm Hg) should be 
avoided. Because cerebral autoregulation of blood low is severely 
attenuated after cardiac arrest, both prolonged hypertension and 
hypotension are associated with a worsened outcome. Therefore, 
mean arterial pressure should be maintained at 90 to 110 mm 
Hg. Hyperglycemia during cerebral ischemia is known to result 
in increased neurologic damage. Although it is unknown if high 
serum glucose in the postresuscitation period inluences outcome, 
it seems prudent to control glucose in the 100 to 150 mg/dL range. 
Speciic pharmacologic therapy directed at brain preservation 
has not been shown to have further beneit. Some animal trials of 

Pediatric Bradycardia
With a Pulse and Poor Perfusion

Atropine IO/IV Dose:
0.02 mg/kg. May repeat once.
Minimum dose 0.1 mg and
maximum single dose 0.5 mg.
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5

6

4a

1

Yes

Yes

No

No

Identify and treat underlying cause

Card iopulmonary 
compromise
continues?

CPR if HR <60/min
with poor perfusion despite
oxygenation and ventilation

Bradycardia
persists?

If pulseless arrest develops, go to Cardiac Arrest Algorithm

•  Epinephrine
•  Atropine for increased vagal
   tone or primary AV block
•  Consider transthoracic pacing/
   transvenous pacing
•  Treat underlying causes

•  Support ABCs
•  Give oxygen
•  Observe
•  Consider expert
   consultation

•  Maintain patent airway; assist breathing as necessary
•  Oxygen
•  Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
•  IO/IV access
•  12-Lead ECG if available; don't delay therapy

Cardiopulmonary
Compromise

Doses/Details

•  Hypotension
•  Acutely altered mental status
•  Signs of shock

Epinephrine IO/IV Dose:
0.01 mg/kg (0.1 mL/kg
of 1:10,000 concentration).
Repeat every 3–5 minutes.
If IO/IV access not available
but endotracheal (ET) tube
in place, may give ET dose:
0.1 mg/kg (0.1 mL/kg of
1:1,000).

© 2010 American Heart Association

FIgURE 58-10. Pediatric advanced life support bradycardia (with pulse and poor perfusion) algorithm. ABCs, 
airway, breathing, and circulation; ECG, electrocardiogram; CPR, cardiopulmonary resuscitation; HR, heart rate; 
IV, intravenous(ly); IO, intraosseous(ly); AV, atrioventricular. (From 2010 American Heart Association Guidelines 
for  cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2010;122(Suppl 3):S887, with 
 permission.)



 chapteR 58 Cardiopulmonary Resuscitation 1695

P
E
R

IO
P
E
R

A
T
IV

E
 A

N
D

  

C
O

N
S
U

LT
A

T
IV

E
 S

E
R

V
IC

E
S

•  Maintain patent airway; assist breathing as necessary
•  Oxygen
•  Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
•  IO/IV access
•  12-Lead ECG if available; don’t delay therapy

Pediatric Tachycardia
With a Pulse and Poor Perfusion

9

2

5

3

4 5

10

12

13

1176

8

Narrow (≤0.09 sec) Wide (>0.09 sec)

Yes

No

Identify and treat underlying cause

Evaluate rh ythm
with 12-lead ECG

or monitor

Evaluate
QRS duration

•  Compatible history consistent
   with known cause   

Probable
sinus tachycardia

•  Compatible history (vague,
   nonspecific); history of abrupt
   rate changes
•  P waves absent/abnormal
•  HR not variable
•  Infants: rate usually >220/min
•  Children: rate usually >180/min

Probable
supraventricular tachycardia

Search for and
treat cause

Synchronized
cardioversion

•  If IO/IV access present, give
   adenosine
                     OR
•  If IO/IV access not available,
   or if adenosine ineffective,
   synchronized cardioversion

Expert
consultation
advised
•  Amiodarone
•  Procainamide  

Consider
adenosine
if rhythm
regular

and QRS
monomorphic

Consider vagal
maneuvers
(No delays)

Possible
ventricular
tachycardia

•  Hypotension
•  Acutely altered
    mental status
•  Signs of shock

•  P waves present/normal
•  Variable R-R; constant PR
•  Infants: rate usually <220/min
•  Children: rate usually <180/min 

Cardiopulmonary
compromise?

Doses/Details

Synchronized
Cardioversion:
Begin with 0.5–1 J/kg;
if not effective, increase
to 2 J/kg.
Sedate if needed, but
don’t delay cardioversion.

Adenosine IO/IV Dose:
First dose: 0.1 mg/kg
rapid bolus (maximum:
6 mg).
Second dose:
0.2 mg/kg rapid bolus
(maximum second
dose 12 mg).

Amiodarone IO/IV Dose:
5 mg/kg over
20–60 minutes
            or 
Procainamide IO/IV Dose:
15 mg/kg over
30–60 minutes

Do not routinely
administer amiodarone
and procainamide
together.
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FIgURE 58-11. Pediatric advanced life support tachycardia (with pulse and poor perfusion) algorithm. ECG, elec-
trocardiogram; HR, heart rate; IV, intravenous(ly); IO, intraosseous(ly); J, joules. (From 2010 American Heart Associa-
tion Guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2010;122(Suppl 3): 
S888, with permission.)

 barbiturates were promising, but a large multicenter trial of thio-
pental found no improvement in neurologic status when this drug 
was given following cardiac arrest.181 Similar results were found 
with calcium channel blockers. Animal studies were encouraging, 
but a clinical trial found no improvement in outcome.182

In contrast to pharmacologic therapy, two more recent stud-
ies have demonstrated improved neurologic outcome when mild 
therapeutic hypothermia (32°C to 34°C) was induced for 12 to 
24 hours in cardiac arrest survivors who remained comatose after 
admission to the hospital.183,184 Both investigations studied only 
patients whose initial rhythm was VF, and the larger of the trials 
included only witnessed arrests. Nevertheless, these are the irst 
studies to document improved neurologic outcome with a spe-
ciic postarrest intervention. The International Liaison Committee 
on Resuscitation now recommends “unconscious adult patients 
with spontaneous circulation after out-of-hospital cardiac arrest 
should be cooled to 32 to 34°C for 12 to 24 hours when the initial 

rhythm was ventricular ibrillation. Such cooling may also be ben-
eicial for other rhythms or in-hospital cardiac arrest.”

prognosis

For the comatose survivor of CPR, the question of ultimate prog-
nosis is important. One older study demonstrated that the chance 
of ever awakening fell rapidly in the days following arrest.185 If 
the patient was not awake by 4 days following arrest, the chance 
of ever awakening was 20%, and all those awakening had marked 
neurologic deicits. Most patients who completely recover show 
rapid improvement in the irst 48 hours. Poor outcome cannot 
be reliably predicted from clinical neurological signs in the irst 
24 hours. In comatose adults not treated with hypothermia, the 
absence of both corneal relexes and pupillary light response at 
≥72 hours postarrest reliably predicted poor outcomes.186 It is 
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likely that the time frame for neurologic assessment needs to be 
extended in patients who have undergone therapeutic hypother-
mia, but this has not been adequately studied.
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Adult Immediate Postcardiac Arrest Care

Return of Spontaneous Circulation (ROSC)

•  Maintain oxygen saturation ≥94%
•  Consider advanced airway and waveform capnography
•  Do not hyperventilate

1
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4

6

5

7

8

Yes

Yes

No

No

Optimize ventilation and oxygenation

•  IV/IO bolus
•  Vasopressor infusion
•  Consider treatable causes
•  12-Lead ECG

Reversible Causes
–  Hypovolemia
–  Hypoxia
–  Hydrogen ion (acidosis)
–  Hypo-/hyperkalemia
–  Hypothermia
–  Tension pneumothorax
–  Tamponade, cardiac
–  Toxins
–  Thrombosis, pulmonary
–  Thrombosis, coronary

Treat hypotension (SBP <90 mm Hg)

Follow
commands?Consider induced hypothermia

Coronary reperfusion
STEMI

OR
high suspicion of AMI

Advanced critical care

Doses/Details

Ventilation/Oxygenation
Avoid excessive ventilation.
Start at 10–12 breaths/min
and titrate to target PETCO2
of 35–40 mm Hg.
When feasible, titrate FIO2
to minimum necessary to
achieve SPO2 ≥94%.

IV Bolus
1–2 L normal saline
or lactated Ringer’s.
If inducing hypothermia,
may use 4°C fluid.

Epinephrine IV Infusion:
0.1–0.5 mcg/kg/min
(in 70-kg adult: 7–mcg/min)

Dopamine IV Infusion:
5–10 mcg/kg/min

Norepinephrine
IV Infusion:
0.1–0.5 mcg/kg/min
(in 70-kg adult:
7–35 mcg/min)
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FIgURE 58-12. Postcardiac arrest 
care algorithm. SBP, systolic blood 
pressure; ECG, electrocardiogram; 
STEMI, ST elevation myocardial infarc-
tion; AMI, acute myocardial infarc-
tion; PetCO2, partial pressure of end 
tidal carbon dioxide; FiO2, fraction of 
inspired oxygen; SpO2, oxygen satu-
ration by pulse oximetry. (From 2010 
American Heart Association Guide-
lines for cardiopulmonary resuscitation 
and emergency cardiovascular care. 
Circulation. 2010;122(Suppl 3):S769, 
with permission.)
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