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Purpose of review

To discuss recent findings surrounding the role of ventilation during cardiopulmonary

resuscitation for individuals with out-of-hospital primary cardiac arrest.

Recent findings

Active assisted ventilation during primary cardiac arrest may not always be beneficial

and, in some circumstances, may lead to worse outcomes. By interrupting chest

compressions and thereby decreasing vital organ perfusion, rescue breathing may be

deleterious. In addition to the time required to administer breaths, the delay due to the

insertion of advanced airways, even by well trained individuals, is often extensive.

Furthermore, once intubation is completed, excessive hyperventilation occurs

frequently, even by recently trained medical providers. Although most experts agree that

excessive ventilation is harmful during out-of-hospital cardiac resuscitation, the optimal

rate, tidal volume, timing, and technique of ventilation is still unknown. There is

increasing evidence that, in patients with witnessed arrests and a shockable rhythm, the

optimal form of ventilation is passive oxygen insufflation.

Summary

Assisted ventilation during the initial provision of cardiopulmonary resuscitation is less

important than previously believed. It is hypothesized that, by training prehospital

medical providers to utilize passive oxygen insufflation for individuals with primary

cardiac arrest, critical organ perfusion will increase and, therefore, survival after

out-of-hospital cardiac arrest will improve.
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Introduction
Components of cardiopulmonary resuscitation (CPR)

that are believed to affect hemodynamics and survival

during out-of-hospital cardiac arrest (OHCA) include

chest compression rate, compression depth, allowing

complete chest recoil, hands-off time and ventilation

rate, and duration [1].

For decades the Advanced Cardiac Life Support Guide-

lines for cardiac arrest have advocated positive pressure

ventilation delivered by early endotracheal intubation.

However, this is now being challenged by many experts

[2].

Recent prehospital clinical studies suggest that utiliz-

ing passive oxygen insufflation during resuscitation

efforts for patients with witnessed OHCA and a shock-

able rhythm can significantly improve outcomes

[3,4�,5]. This review focuses on the role of ventilation
1070-5295 � 2009 Wolters Kluwer Health | Lippincott Williams & Wilkins
during cardiac resuscitation by prehospital medical

providers.
Ventilation physiology
There is an inverse relationship between intrathoracic

pressure and coronary perfusion pressure and subsequent

survival from cardiac arrest [6,7] (Fig. 1). Increased venti-

lation rates and duration cause increased intrathoracic

pressure. Elevated intrathoracic pressure impedes venous

return to the heart, thereby decreasing forward blood flow

to the myocardium and brain during CPR [6–8]. Conver-

sely, generation of negative intrathoracic pressure during

the release phase of chest compressions augments venous

return to the heart, significantly improving hemodynamics

and outcome [9–12]. This fundamental physiologic

concept also applies to states of shock and is applicable

to cardiopulmonary interactions during resuscitation

efforts, regardless of the cause of the low-flow state [13].

In theory, if chest compressions were not interrupted
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Figure 1 Effects of assisted ventilation
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Additionally, the focus on airway takes provider focus away from critical
chest compressions.
during ventilation and the standard ventilatory volumes

were forcefully delivered, the resulting intrathoracic press-

ures would be higher and the consequent reduction of

venous return would be worse.

Elevated intrathoracic pressure due to positive pressure

ventilation is transferred primarily via the nonvalvular

spinal cord veins and cerebrospinal fluid, increasing

intracranial pressure and decreasing cerebral perfusion

pressure and cerebral blood flow [14–16].

Aufderheide et al. [6] found that survival in swine

ventilated at 12 breaths per minute (with 100% O2)

was six of seven (86%), compared with a survival rate

of one of seven (17%) in two groups of pigs at a rate of

30 breaths per minute (one group with 100% O2, another

with 95% O2 and 5% CO2) (P< 0.001). Swine with higher

intrathoracic pressure caused by excessive ventilation

rate and duration had significantly lower coronary per-

fusion pressure and survival rates [6]. These findings

were not confirmed by Milander et al. [17]. Perhaps this

is due to the different methods of compressions and

ventilation (Milander–manual; Aufderheide–mechan-

ical) [6]. Nevertheless, Aufderheide’s editorial ‘Death

by Hyperventilation’ has spawned widespread discussion

and investigational work related to the interplay between

ventilation, coronary perfusion pressure, cerebral per-

fusion pressure, and survival [7].

Although there is no question that some ventilation

occurs by chest compressions alone, the exact tidal
volume and significance of air movement without active

ventilation continues to be debated [18,19].
Gasping
We have recently reported the frequency and significance

of gasping in patients with OHCA using two method-

ologies [20]. The first was a retrospective analysis of 113

consecutive OHCA cases from the Phoenix Fire Depart-

ment Regional Dispatch Center to determine the pre-

sence of gasping soon after collapse. The second was a

retrospective analysis of 1218 patients with OHCA in

Arizona documented by EMS first care reports to deter-

mine the incidence of gasping after arrest in relation to

the EMS response intervals. The primary outcome

measure was survival to hospital discharge. An analysis

of witnessed and unwitnessed OHCAs with attempted

resuscitation found that 44/113 (39%) of all arrested

patients had gasping. A high incidence of gasping in

victims of OHCA (55%) has also been reported by Clark

et al. [21].

Our analysis of 1218 witnessed OHCAs demonstrated

that the presence or absence of gasping correlated with

EMS response interval. Gasping was present in 33% of

patients (39/119) who arrested after EMS arrival, in 20%

(73/363) when response interval was less than 7 min, in

14% (50/360) when response interval was 7–9 min and in

only 7% (25/338) when EMS response interval was more

than 9 min. Survival to hospital discharge occurred in 28%

(54/191) of patients who gasped compared with only 8%

(80/1027) among those who did not (adjusted OR 3.4,

95% CI 2.2–5.2) [20].

We also found that, among the 481 patients who received

bystander CPR, survival occurred in 39% (30/77) of

patients who gasped compared with only 9% (38/404)

among those who did not (adjusted OR 5.1, 95% CI 2.7–

9.4) [20]. Thus, gasping is common following OHCA but

decreases rapidly with time. Gasping likely represents

marginal cerebral blood flow that is subnormal, but is still

enough to be associated with increased survival. These

results suggest that the recognition of gasping should be

taught to: bystanders (so that CPR is initiated in patients

with some, but inadequate, cerebral blood flow); Emer-

gency Medical Dispatchers (so as not to dissuade them

from initiating prompt resuscitation instructions when

appropriate); and EMS and hospital personnel (as an

indication that their resuscitation efforts are being at

least partially effective and should be continued).
‘Real life’ cardiopulmonary resuscitation
The quality of CPR delivered by trained medical pro-

fessionals has a significant impact on survival [22]. Due to

many factors, the quality of CPR provided by medical



230 Cardiopulmonary resuscitation
professionals is inconsistent [23]. In addition, inadvertent

hyperventilation may be contributing to the generally

dismal survival rates from OHCA. Aufderheide et al.
[7,11] demonstrated this in a two-part clinical obser-

vational study aimed at determining: the incidence of

hyperventilation during out-of-hospital CPR with the

objective of quantifying the degree of excessive venti-

lation in humans; and whether comparable excessive

ventilation rates during CPR in animals significantly

decreased coronary perfusion pressure and survival. They

found that ventilation rates in OHCA victims averaged 37

breaths per minute (range, 19–49) – twice what the 2000

AHA Guidelines recommended at the time of the study.

Interestingly, the same ventilation rate (37 per minute)

was observed by Milander et al. [17] for in-hospital cardiac

resuscitation. In Aufderheide’s study, even after focused

retraining, medical providers ventilated at 22 breaths per

minute (range, 15–31) [6]. These studies identify that

even additional, focused training to avoid hyperventila-

tion may not be effective and other strategies may be

necessary. There appears to be a significant difference

between CPR performance by medical providers in the

classroom and performance during an actual cardiac

arrest.

When CPR is provided by a single rescuer, interrupting

chest compressions may be even more problematic if

assisted ventilation is provided. With each cessation of

chest compressions, coronary and cerebral perfusion

pressures decrease, requiring additional time to restore

blood flow [24].
Rationale for assisted ventilation
Due to the eventual development of hypoxemia, hyper-

carbia, and acidosis, some form of assisted ventilation is

required in prolonged cardiac arrest. The precise timing

of when assisted ventilation is required is unknown.

Lurie and associates have suggested that assisted venti-

lation, with an impedance threshold device (ITD), would

provide better hemodynamics and may improve outcome

[25,26]. The ITD is a small, 35-ml device that can be

attached to any airway [e.g. facemask, Combitube

(Tyco-Kendall, Mansfield, Massachusetts, USA), King

LT (King Systems Corporation, Noblesville, Indiana,

USA) or endotracheal tube]. Each time the chest recoils

during CPR there is a decrease in intrathoracic pressure.

The ITD transiently blocks air from entering the lungs

during recoil and enhances this pressure decrease. This

not only facilitates venous return to the chest but also

decreases intracranial pressure. Thus, blood flow to both

the heart and brain is increased on each subsequent chest

compression. Although the ITD appears to improve

hemodynamics in the laboratory, it requires additional

costs and training to EMS providers and adds complexity
to a resuscitation effort. Therefore, other solutions have

been developed. One of these solutions will be described

in detail below and entails removing assisted ventila-

tion completely during the first several minutes of

‘Cardiocerebral’ Resuscitation.

The role of assisted ventilation in the treatment of

OHCA patients is complex and many questions remain

in the literature. The key question is whether ventilation,

when added to chest compressions, improves survival.

For layperson CPR, we do not believe the evidence

justifies the addition of ventilation for adult OHCA

[27]. For treatment by EMS providers, the current state

of the human clinical literature does not support any

strong recommendation. However, we believe that

assisted ventilation should be provided for victims of

OHCA with prolonged downtime as well as arrests caused

by drowning, drug overdose, asthma, or similar conditions

that are respiratory in origin [2]. We believe that EMS

providers can be trained to discriminate respiratory

arrests from cardiac arrests and gauge the need for

assisted ventilation.
Rationale for passive oxygen insufflation
Animal data indicate that chest compressions without

assisted ventilation are at least as effective as chest

compressions plus assisted ventilation for the initial treat-

ment of ventricular fibrillation [18,28]. Animal studies

have established that interruption of chest compressions

is lethal in models of prolonged ventricular fibrillation

[24,29].

The physiological penalty of assisted ventilation with its

frequently incorrect rate and duration is a persistently

positive intrathoracic pressure throughout the decom-

pression phase of CPR. This decreases cardiac preload,

cardiac output, and hinders right ventricular function

[30–32].

In addition, there is debate whether ventilation early in

OHCA is of any benefit at all, even if done ‘correctly.’ In

adults with primary cardiac arrest, arterial blood oxygen-

ation is almost always normal at the time of the arrest and

the lungs have a reservoir of oxygen available for the

blood that flows through the pulmonary circulation

during CPR [24,33]. Thus, any interruption or decrease

of blood flow is overwhelmingly negative compared with

any potential benefit of additional oxygen availability in

the lungs.
Cardiocerebral resuscitation
With a focus on minimizing interruptions to chest

compressions and avoiding hyperventilation, prehospital

providers in Arizona and Wisconsin implemented a
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resuscitation protocol termed ‘Cardiocerebral Resuscita-

tion’ (CCR) in 2004. This protocol was developed and

named to stress the specific goal of resuscitating the heart

and brain [24,34]. The CCR approach to ventilation was

based, in part, on observations by Steen et al. [35]. They

demonstrated that passive oxygen insufflation via an

endotracheal tube during a swine model of ventricular

fibrillation arrest provided adequate oxygenation.

Another goal of CCR is to minimize the chest com-

pression interruptions and pulmonary overinflation that

reliably accompany prehospital endotracheal intubation.

The CCR protocol initially introduced to EMS systems in

Arizona included emergency medical dispatch-directed

instructions for continuous chest compressions without

rescue breathing by bystanders. EMS providers who did

not witness the event were trained to: initiate resuscita-

tion with 200 immediate, uninterrupted, deep chest

compressions (1 1/200 - 200 depth) at a rate of 100 com-

pressions per minute; analyze the cardiac rhythm and

deliver a single defibrillator shock when indicated; per-

form 200 immediate postshock chest compressions

before any pulse check or rhythm reanalysis; administer

epinephrine (1 mg) via intravenous or intraosseous route

as soon as possible (without interrupting chest com-

pressions) and repeat with each cycle of chest com-

pressions and rhythm reanalysis; delay endotracheal intu-

bation until after three cycles of chest compressions and

rhythm reanalyses were completed [36�] (Fig. 2).

Early and excessive ventilation was discouraged by advo-

cating for passive oxygen insufflation. This was accom-

plished by placement of an oropharyngeal airway and a

nonrebreather facemask with high flow oxygen. How-

ever, because of EMS providers’ resistance to excluding

assisted ventilation in Arizona, bag-mask ventilation was
Figure 2 Cardiocerebral resuscitation

s, If adequate bystander chest compressions are provided; perform immedia
relieve 1st EMS and perform chest compressions; , single shock if indica
check nor rhythm analysis.
permitted as an alternative to passive oxygen insufflation,

with a recommended ventilation rate of eight per minute

and a tidal volume of 500 ml per breath. The method of

ventilation was thus left to the discretion of each EMS

provider [36�].

In a before-and-after analysis of 886 patients in two large

metropolitan cities in Arizona, survival to hospital dis-

charge increased from 1.8% (4/218) before CCR training

to 5.4% (36/668) after CCR training [odds ratio (OR), 3.0;

95% confidence interval (CI), 1.1–8.9]. In the subgroup

of 174 patients with witnessed ventricular fibrillation,

survival increased from 4.7% (2/43) before CCR training

to 17.6% (23/131) after CCR training (OR, 8.6; 95% CI,

1.8–42.0) [36�].

In an analysis of CCR protocol compliance involving 2460

patients with OHCA from Arizona, survival was signifi-

cantly better among patients who received CCR than

those who did not [9.1% (60/661) vs. 3.8% (69/1799); OR,

2.7; 95% CI, 1.9–4.1], as well as patients with witnessed

ventricular fibrillation [28.4% (40/141) vs. 11.9% (46/387);

OR, 3.4; 95% CI, 2.0–5.8] [36�].

In 2004, CCR was initiated in Rock and Walworth

counties, Wisconsin, as an alternative to the 2000 Guide-

lines. This was specifically for the treatment of OHCA

with a witnessed collapse and an initial rhythm of ven-

tricular fibrillation. Patients with a nonshockable rhythm

received an advanced airway and assisted ventilation [3].

Using historic controls during 2001–2003 when patients

were receiving 2000 AHA Guidelines for reference,

Kellum reported 92 witnessed arrests with an initially

shockable rhythm. Eighteen patients survived (20%) and

14 (15%) were neurologically intact. During the 3 years

after implementation of CCR, there were 89 such
te rhythm analysis and shock if indicated; ¥, Once these tasks are done,
ted followed immediately chest compressions at 100/min without pulse
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patients: 42 (47%) survived and 35 (39%) were neuro-

logically intact [4�].
Outcome for passive oxygen insufflation
In Arizona, the subgroup analysis of CCR-treated, neu-

rologically intact survivors receiving passive oxygen

insufflation is very similar to that found by Kellum

et al. in Wisconsin [5] (Bobrow BJ, in preparation).

Patients with a nonshockable rhythm, however, may

be less likely to survive with passive oxygen insufflation

than assisted ventilation [5] (Bobrow BJ, in preparation).

Is assisted ventilation needed for patients with nonwit-

nessed ventricular fibrillation or a nonshockable present-

ing rhythm? Although still unproven by randomized

controlled trials, there is some evidence that the answer

is yes. However, there is concern that creating additional

complexity for providers may decrease the benefit for the

subgroup of patients with a witnessed collapse and a

shockable rhythm, and perhaps for all subgroups. This

question revolves, in part, around the key issue of efficacy

vs. effectiveness. Medical therapies that are ‘efficacious’

when studied in a controlled environment are often less

‘effective’ when applied in general practice (the ‘real

world’) [37,38]. Also, cardiac arrests are relatively rare

events; so optimal resuscitation is probably more likely

when the approach to resuscitation is simple. Adding

complexity to an already stressful, challenging, and rela-

tively uncommon clinical scenario may be detrimental to

overall patient survival. Statewide survival from OHCA

in Arizona has improved remarkably since the institution

of CCR [36�,39]. Despite this significant improvement,

recent findings raise the question whether creating an

additional decision point to treat patients with a shock-

able rhythm with passive oxygen insufflation and those

with a nonshockable rhythm with assisted ventilation

may increase overall survival. Further study in multiple

systems is required before this question will be answered

with a high degree of confidence.
Conclusion
Prehospital studies of ventilation for out-of hospital

primary cardiac arrest suggest that assisted ventilation

is not essential in the initial phase of witnessed ventri-

cular fibrillation resuscitation and may be detrimental.

This is especially true for individuals gasping before or

after the initiation of chest compressions. Furthermore,

in nonrandomized clinical trials, the survival rates for

adults with witnessed ventricular fibrillation who receive

passive oxygen insufflation are higher than historic and

concurrent controls who received assisted ventilation.

However, survival among patients with nonshockable

rhythms, although very low, may be better when some

assisted ventilation is provided. How to best integrate
these concepts into clinical practice to optimize overall

survival rates is a challenge that requires future inves-

tigation.
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