
our department prides it­
self on its emergency medi­
cal care. But is your EMS 
system really on top of its 
game? As far as survival 
rates go, it’s often difficult  
to tell because many pa­

tients who suffer a cardiac arrest have little 
or no chance of survival, no matter what 
you do. An important indication of how 
well an EMS system is doing is the survival 
rate of the patients most likely to survive: 
those with witnessed out-of-hospital car­
diac arrest (OHCA) and an initially shock­
able rhythm. Agencies must know how 
many of their OHCA patients survive to 

hospital discharge. Simply knowing how 
many patients get return of spontaneous 
circulation (ROSC) isn’t good enough—
many of these patients will never leave the 
hospital alive. 

If your community is following the CPR 
and Emergency Cardiac Care (ECC) guide­
lines and already have high success rates, 
congratulations! You must be one of the 
few communities to have a high prevalence 
of bystander CPR and short EMS response 

times averaging five minutes or less. These 
are the two major criteria that have his­
torically determined the success of systems 
following the American Heart Association 
(AHA) guidelines.

However, if your survival rate at hospi­
tal discharge is in the teens or lower, then 
your EMS system may be following the  
2000 AHA and International Liaison Com­
mittee on Resuscitation (ILCOR) guidelines 
like we were in Arizona and Wisconsin. 
Our poor rates prompted us to find a new 
approach to cardiac arrest cases.1

“Cardiocerebral resuscitation” (CCR) was 
our answer. After implementation in our 
system, neurologically normal survival rates 

rose to almost 40%, and hospital discharge 
rates increased to nearly 45% for patients 
with a witnessed collapse and shockable 
rhythm.2,3 These enviable survival rates were 
obtained despite the fact that our bystander 
CPR rates were far from optimal and our 
average response times were between six 
and eight minutes.3,4 It has recently been 
shown that survival rates with CCR are not 
only better than those obtained with the 
2000 guidelines, but they’re also better than 
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most agencies using the 2005 
guidelines (Figure 1). For EMS 
systems using this new tech­
nique, the days of “therapeutic 
nihilism” (doing more harm 
than good) are over, and EMS 
personnel are again excited 
about their work. 

To understand the impact 
of CCR, let’s consider the three 
major components: 1) the 
bystander component—early 
recognition of cardiac arrest, 
early activation of EMS and 
early institution of continu­
ous chest compressions (CCCs) 
without mouth-to-mouth ven­
tilations, 2) an altered advanced 
cardiac life support (ACLS) algorithm for 
EMS providers, and 3) the post-arrest com­
ponent of cardiac arrest centers.5 

Bystander Involvement
Early recognition of cardiac arrest is im­
portant but often delayed because many 
patients initially gasp. Although not em­
phasized in the guidelines, gasping (i.e., 
agonal breathing) occurs in more than 50% 
of victims for the first few minutes follow­
ing the onset of cardiac arrest.6 Gasping 

has been described as snoring, gurgling, 
snorting or moaning or as agonal, labored, 
noisy or heavy breathing.6,7 

An all-too-common occurrence is that 
a bystander witnesses an unexpected col­
lapse, but the person is gasping so the 
cardiac arrest goes unrecognized. Or the 
bystander calls 9-1-1, only to be asked, “Is 
the person breathing?” Unfortunately, if 
the patient is gasping, the answer is often 
in the affirmative. It’s only minutes later 
when the patient stops gasping that the 

cardiac arrest is recognized. 
Because of this phenomenon, 
what 9-1-1 dispatchers should 
be asking is whether the pa­
tient is responsive to the rec­
ommended “shake and shout” 
or a forceful sternal knuckle 
rub. 

Another aspect of bystander 
involvement is how and when 
ventilations and compressions 
are instituted. Assisted ventila­
tions are necessary for respirato­
ry arrest, and are probably nec­
essary in unwitnessed primary 
cardiac arrest and in patients 
with witnessed cardiac arrest 
who don’t initially have a shock­

able rhythm. But active ventilations are not 
needed and are harmful in patients with 
primary cardiac arrest. The arterial oxygen 
content of these patients is initially suf­
ficient for several minutes of CCC. In sub­
jects who gasp, the arterial oxygen content 
remains adequate for as long as the patient 
receives chest compressions and continues 
to gasp. 

Because the perfusion of the brain and 
heart are so marginal during resuscita­
tion efforts, interrupting or delaying chest 

Sources: Nichol G, Thomas E, Callaway CW, et al: “Regional variation in out-of-hospital cardiac arrest incidence and outcome.” JAMA. 300:1423–1431, 2008. 
Kellum MJ, Kennedy KW, Barney R, et al: “Cardiocerebral resuscitation improves neurologically intact survival of patients with out-of-hospital cardiac arrest.” 
Annals of Emergency Medicine. 52(3):244–252, 2008.

Figure 1: VF Survival to Hospital Discharge with 2005 Guidelines Compared to Cardiocerebral Resuscitation
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LEARNING OBJECTIVES 
>> ���Identify the three major components of cardiocerebral 

resuscitation.
>> ��Explain the rationale and methods for creating and 

maintaining negative intrathoracic pressure during 
cardiocerebral resuscitation. 

>> �Compare and contrast the cardiocerebral resuscitation ALS 
algorithm for EMS with the AHA guidelines for CPR and ACLS.

GLOSSARY TERMS 
Deleterious: Having a harmful effect on the health of the body.
Gasp: Opening the mouth to take in a short, convulsive breath.
Intrathoracic: Within the chest.
Perfusion: The delivery of oxygen and nutrients via the bloodstream to 
organs and tissues.

CARDIOCEREBRAL RESUSCITATION
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compressions for intubation, ventilation or 
other interventions—except for an appro­
priate prompt single defibrillator shock—is 
deleterious. It has been shown that a single 
lay rescuer interrupts chest compressions 
an average of 16 seconds to deliver the rec­
ommended two ventilations.8 Thus, these 
patients are receiving chest compressions 
only half of the time with 2:15 CPR and  
only two thirds of the time with 2:30 CPR. 

But if there’s more than one person 
on the scene, should one of the provid­
ers perform assisted ventilations while 
the other does CCCs? Surprisingly, the 
answer is no. During cardiac arrest, chest 
compressions result in only marginal for­
ward blood flow at best. Gasping results 
in a negative pressure inside the chest 
that not only causes air to enter the 
lungs but also enhances blood return 
to the chest and heart, which improves 
subsequent cerebral blood flow. On the 
other hand, positive pressure ventilation 
increases the pressure inside the chest, 
decreasing blood return to the chest and 
subsequent blood flow to the brain. 

Other guidelines haven’t advocated 
separate approaches to cardiac and respi­
ratory arrest, because it’s believed lay indi­
viduals can’t tell the difference between a 
cardiac arrest and a respiratory arrest. This 
must change. 

When training the public, emphasize 
that any person who collapses suddenly, 
is unresponsive and isn’t breathing is nor­
mally a cardiac arrest victim. Many subjects 
who receive good quality CPR will con­
tinue to gasp. This means they’re providing 
physiologic ventilation, which is ventilation 
with decreased intrathoracic pressures, so 
that assisted positive pressure ventilation is 
not necessary. 

Survival is much better in patients with 
cardiac arrest who gasp.7 In our study, 
39% of patients with OHCA who gasped 
and who received bystander CPR survived, 
compared to 9% of those who received 
bystander CPR but did not gasp.7 

New ALS Algorithm
The CCR protocol calls for 200 uninter­
rupted chest compressions (at 100/min) 
before each rhythm analysis and a single 
shock if indicated, followed immediately  
by the resumption of another 200 chest 
compressions before repeat rhythm analy­
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Emphasize to the public 
that, even with good 
quality CPR, some cardiac 
arrest victims will  
continue to gasp.

Turn on metronome and defibrillator. 200 continuous chest compressions at 100/min.  
Oral pharyngeal airway, O

2
by NRB mask. Apply defibrillator pads. IV or IO Access.

Analyze rhythm #1. Shockable?

Immediate resumption of 200 continuous chest compressions. 
Epinephrine 1 mg (repeat every 400 compressions).

Analyze rhythm #2 and shock if indicated. Immediate resumption of 
200 continuous chest compressions.

Analyze rhythm #3 and shock if indicated. Immediate resumption of 
200 continuous chest compressions.

If initial rhythm is shockable, then insert advanced airway. If not, 
gasping positive pressure ventilation 6/min.

Single shock maximum 
defibrillator output.

Insert advanced airway if not gasping. 
Positive pressure ventilation 6/min.

NoYes

Figure 2: Cardiocerebral Resuscitation Protocol

Note that the defibrillator should be turned on, even if the pads are not attached, so that it acts as an elapsed 
timer. Either IV or IO access is established early for administration of epinephrine.  
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sis or pulse check (see Figure 2, p. 61). 
Delayed intubation: If you’ve been a paramedic for a while, 

this would probably be the most confusing aspect of CCR for 
you. Once the mantra of an experienced provider, “prompt 
intubation” is not indicated in patients with witnessed arrest 
and a shockable rhythm until after the patient has ROSC. Even 
assisted ventilation with an advanced airway is not indicated 
until the first 200 chest compressions and an analysis reveals a 
non-shockable rhythm. 

If the patient has a shockable rhythm, positive pressure ven­
tilation is delayed until the patient is no longer gasping. And 
if they’re not gasping, it’s delayed until three sequences of 200 
chest compressions and shock, followed by 200 post-shock 
chest compressions.3 

In contrast to patients with witnessed arrest and a shock­
able rhythm, patients who do not have a shockable rhythm 
after the first 200 chest compressions and who are not gasp­
ing might need positive pressure-assisted ventilations with a 
Combitube or other form of advanced airway management. 
Such patients have a poor prognosis—with only 1–3% surviv­
ing to hospital discharge. 

Until recently, “death by hyperventilation” was not uncom­
mon. 9 In the frenzy of a cardiac arrest, both physicians and para­
medics tend to hyperventilate patients—delivering an average 
of 37 breaths per minute. Hyperventilation can easily negate the 
benefits of assisted ventilation in this subgroup of patients with 
OHCA. Thus, if ventilations are used, the rates should be slow 
(two to six per minute) and volumes small.3 Also, initial airway 
management should be delayed until a second rescuer is available 
and is initially limited to placement of an oral-pharyngeal airway 
and administration of oxygen by non-rebreather mask. This was 
initially referred to as passive oxygen insufflation (POI), but “pas­
sive ventilation” is perhaps a better term. 

Insertion of an advanced airway and assisted ventilation are 
not performed in those with persistent or recurrent ventricular 
fibrillation (VF) until either ROSC or until after three cycles of 
200 chest compressions, each followed by an analysis and a 
single shock if indicated. The exception is if gasping is present. 
In such patients, advanced airway or assisted ventilation is not 
necessary until the gasping has stopped. Patients with ROSC are 
often intubated prior to transportation. 

Compression technique: Avoiding interruptions of chest com­
pressions during resuscitation efforts is critical. Remember, your 
hands are their heart. If you stop chest compression for any rea­
son, blood flow to the brain stops.

The technique of chest compressions is ideally performed with 
a metronome or quality chest compression feedback device to 
emphasize the importance of a rate of 100 per minute. Proper 
two-inch compression depth and full chest recoil after each com­
pression is essential.10  

If only one responder is on the scene, the AED pads are applied 
before chest compressions are initiated in an effort to minimize 
the pause between stopping compressions and the defibrillation 
shock. AEDs with voice prompts to interrupt chest compressions 
for ventilation need to be reprogrammed or their voice instruc­
tions ignored.

CARDIOCEREBRAL
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The Logic Behind it
A major contribution to the field of resus­
citation science was the description of 
the three-phase time-sensitive model of 
untreated VF: the electrical, circulatory 
and metabolic phases.11 During the first 
five minutes of VF, the most important 
therapy is prompt defibrillation. That’s 
why AEDs have been shown to be effec­
tive and why cities that have average EMS 
arrival time of five minutes or less have 
high survival rates. 

It should be noted that this electrical 
phase can be prolonged with bystander 
CPR. However, after four or five minutes 
of untreated VF, the heart has decreased 
energy stores, the right ventricle expands 
and the left ventricle is underfilled because 
of blood volume shifts. In this situation, 
defibrillation most often results in a non-
perfusing rhythm—asystole or pulseless 
electrical activity. Thus with witnessed col­
lapse, immediate defibrillation is indicated. 

If the arrest is not witnessed by EMS, 
they should apply 200 chest compres­
sions before and immediately after a single 
defibrillation shock. The third phase of 
untreated VF is the metabolic phase, begin­
ning after about 15 minutes of untreated 
VF—a phase where new approaches are 
needed. The duration of each phase can be 
altered by intervention or conditions, such 
as temperature. 

Need More Convincing?
To date, three major studies have compared 
the hospital discharge rate of patients with 
witnessed OHCA and a shockable rhythm, 
as well as contrasting survival to hospital 
rates before and after initiation of CCR. The 
first report was from Rock and Walworth 
counties in Wisconsin. In this study, the 
neurological intact survival increased from 
15% to 39% and the overall hospital dis­
charge rate increased by 45%.2,3 The second 
report from Kansas City, Mo., was recently 
published in Circulation.12 Using a modifica­
tion of guidelines nearly identical to CCR, 
their neurologically normal survival was 
38%. The third study was recently com­
pleted in Arizona. Again, the survival of 
these patients was 38% with CCR.13  This 
rate was significantly higher in the patients 
who were ventilated with passive oxygen 
insufflation (or passive ventilation) rather 
than active bag-valve mask ventilation. 
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Cardiocerebral resuscitation significant­
ly improves survival in EMS systems that 
have arrival times greater than five minutes. 
Encouraging the earlier recognition of car­
diac arrest, the early institution of bystander 
chest compressions only, and a system of 
optimal post-arrest care will increase the 
number of lives your EMS system saves 
each year. JEMS
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1.	� After a two-minute response time, you arrive at 
a park to find an unconscious 64-year-old man. 
Bystanders tell you he was walking in front of 
them and collapsed. He was responsive to you 
on arrival but quickly deteriorated. He now has 
agonal respirations and no pulse, and you find 
a coarse ventricular fibrillation. Because your 
EMS system recently adopted the cardiocerebral 
resuscitation ALS protocols, your initial step 
should be:

		  a. 200 chest compressions at 100/min 
		  b. a single defibrillation shock
		  c. ventilations with a bag-valve mask (BVM) 
		  d. initiation of an IV or IO 

2. 	�Y ou’re attempting to resuscitate a 45-year-old male 
in VF. He has been shocked once, and compressions 
are being performed at 100/min. You’ve completed 
one round of compressions and are about to give a 
second shock. In order for this patient to maintain 
adequate blood flow to the brain, after the shock 
you will need to:

		  a.	 resume compressions immediately
		  b. give two ventilations via BVM
		  c. defibrillate at a higher joule setting
		  d. insert an advanced airway

  3. 	�While assessing a 56-year-old woman complaining 
of chest pain, she suddenly begins to gasp. You’re 
unable to palpate a pulse. The ECG monitor shows 
VF. According to the cardiocerebral resuscitation 
protocol, your airway management priority is to:

	 	 a. intubate the trachea
		  b. provide two quick ventilations via BVM
		  c. place her on 100% oxygen via NRB 
		  d. place her in the recovery position

  
 4. 	�According to the cardiocerebral resuscitation 

approach to resuscitating patients with a 
shockable rhythm, which of the following provides 
improvement in perfusion of the brain and heart by 
increasing negative intrathoracic pressure?	 	

	 a. �one round of 200 chest compressions prior 
to intubating

		  b. ���allowing the patient to continue to gasp 
during chest compressions

		  c. �asynchronous active ventilations during 
compressions

		  d. ���strictly maintaining the 30 compressions to 
two ventilations ratio

	
5. 	�Y ou arrive on scene about six minutes after 

you’re dispatched to find a single bystander doing 
compression-only CPR. The bystander says he saw 
the patient clutch his chest, gasp for breath and fall 
to the ground. You place the patient on the monitor, 
while your partner reaches for the BVM. Finding VF 
on the monitor, you ask your partner to take over 
compressions from the bystander. This patient is 
in which phase of the three-phase time-sensitive 
model of untreated VF?

		  a. electrical
		  b. metabolic
		  c. hypoxic
		  d. circulatory
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