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a  b  s  t  r  a  c  t

Advanced  airway  management  – such  as endotracheal  intubation  (ETI)  or supraglottic  airway  (SGA)  inser-
tion  – is one  of  the  most  prominent  interventions  in  out-of-hospital  cardiac  arrest  (OHCA)  resuscitation.
While  randomized  controlled  trials  are currently  in  progress  to identify  the best  advanced  airway  tech-
nique  in OHCA,  the  mechanisms  by  which  airway  management  may  influence  OHCA  outcomes  remain
unknown.  We  provide  a conceptual  model  describing  potential  mechanisms  linking  advanced  airway
management  with  OHCA  outcomes.

©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Advanced airway management – such as endotracheal intuba-
tion (ETI) or supraglottic airway (SGA) insertion – is one of the most
prominent interventions in out-of-hospital cardiac arrest (OHCA)
resuscitation. In the United States, paramedics have performed
ETI in OHCA for over 30 years [1]. However, many studies high-
light the pitfalls of ETI, including unrecognized misplacement and
dislodgement, multiple or failed ETI attempts, and impairment of
cardiopulmonary resuscitation (CPR) chest compression continuity
[2,3].

To help expedite advanced airway management, minimize chest
compression interruptions, and improve outcomes, many pre-
hospital practitioners substitute ETI with SGA insertion, which
generally involves simpler techniques. Ironically, observational
studies suggest that OHCA outcomes may  be worse with SGA than
ETI [21]. Other studies suggest that a bag-valve mask (BVM) alone
may  be associated with better OHCA outcomes than either ETI or
SGA [4]. Randomized controlled trials are currently in progress to
better clarify the influence of advanced airway technique on OHCA
outcomes. Yet, a critical question remains unanswered: what are
the underlying mechanisms by which advanced airway manage-
ment influences outcomes? The answer to this question could help
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us to better understand the results of past and future research and
to identify potential solutions.

In this concepts paper, we describe potential mechanisms link-
ing advanced airway management with OHCA outcomes.

2. Benefits of advanced airway management

Cardiopulmonary arrest involves sudden ischemia to all organ
systems, including the heart and brain. Delivery of oxygen to these
organs is vital to (1) restore normal cardiac function, and (2) pre-
serve organ function until spontaneous circulation is achieved.
Preservation of organ function likely involves optimization of
cellular metabolism by decreasing hypercapnia, normalizing intra-
cellular pH, and reducing damage from ongoing cellular hypoxia
[5]. In this context, advanced airway management may  have two
important goals (Fig. 1):

2.1. Control of oxygenation and ventilation

OHCA patients are apneic and have no protective airway
reflexes. Advanced airways create and maintain a patent and direct
conduit to the lungs, allowing for delivery of oxygen, and control of
ventilation and exhaled carbon dioxide. Advanced airway devices
may  be especially useful in patients with existing lung conditions
such as chronic obstructive pulmonary disease.
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Fig. 1. Conceptual model of mechanisms linking advanced airway management with improved cardiac arrest outcomes. OHCA = out-of-hospital cardiac arrest.

2.2. Airway protection

Aspiration of vomitus or secretions and gastric insufflation
may  hinder oxygen delivery during and after resuscitation. In the
post-arrest state, vomitus and secretions may  trigger pneumoni-
tis, impairing pulmonary recovery [6]. The cuff of the endotracheal
tube is intended to protect the lungs from these potentially harmful
processes. The ability of SGA to protect the airway from aspiration
is less clear.

3. Potential harmful mechanisms of advanced airway
management

We  propose that advanced airway management may  encompass
(1) technical errors, (2) cognitive errors, and (3) adverse anatomic
effects. These errors or events may  individually or synergistically
cause harm in OHCA by causing (1) loss of chest compression con-
trol, (2) loss of ventilation and oxygenation control, or (3) loss of
normal anatomy (Fig. 2):

3.1. Technical errors

The technique of advanced airway management is difficult.
Errors associated with ETI or SGA include multiple, prolonged
or failed attempts, unrecognized misplacement of the advanced
airway, or dislodgement of the advanced airway after correct place-
ment [7–10]. These technical errors may  result in loss of chest
compression control, manifesting as chest compression interrup-
tions and/or suboptimal chest compression fraction. In a series of
100 OHCA, Wang et al. demonstrated that chest compression inter-
ruptions totaling over one-and-one half minutes may  occur as a
result of ETI efforts [11]. While this study did not link chest com-
pression interruptions to outcomes, Cheskes et al. showed that even
brief 20-s pauses for defibrillation may  be associated with poorer
OHCA survival [12]. Similarly, multiple or prolonged airway inser-
tion efforts may  result in loss of ventilation and oxygenation control,
manifesting as periods of hypoxia [13]. Collectively, these airway
technical errors may  result in impaired systematic circulation and
delivery of oxygen.

3.2. Cognitive errors

Advanced airway management is also cognitively difficult.
Examples of complex cognitive tasks involved in airway man-
agement include assessing the airway, selecting the types and
sequence of airway interventions, and maintaining a proper ven-
tilation rate and tidal volume. The overall complexity of airway
management may  distract rescuers, leading to inattention and
overcompensation errors. Inattention may  result in loss of chest
compression control (manifesting as inadequate rate or depth
of compressions), or loss of ventilation and oxygenation control

(manifesting as hypoventilation from prolonged or multiple airway
insertion efforts). Overcompensation may  also impact chest com-
pression control (manifesting as an excessive chest compression
rate) or ventilation control (manifesting as iatrogenic hyperven-
tilation) [14]. Aufderheide et al. observed that hyperventilation
occurs frequently during OHCA resuscitation and is associated with
impaired CPR coronary perfusion pressure [15]. In addition, hyper-
oxemia may  result from overcompensated oxygenation during or
after resuscitation and may  independently decrease survival [16].
These cognitive errors may  result in multiple adverse mechanisms,
including cerebral vasoconstriction, impaired oxygen delivery and
cellular oxidative injury.

3.3. Anatomic effects

Oropharyngeal trauma with subsequent edema or bleeding can
result from advanced airway insertion efforts. This loss of normal
anatomy may  complicate subsequent airway management efforts
in the Emergency Department or Intensive Care Unit. For example,
case reports describe significant tongue engorgement occurring
from prehospital SGA use [9]. In addition, advanced airway devices
may  impinge upon vascular structures. In a porcine OHCA model,
Segal et al. observed decreased carotid artery blood flow after the
insertion of an SGA [17]. While not validated in humans, carotid
impingement may  alter OHCA outcomes by impairing cerebral arte-
rial blood flow, altering intracranial pressure and oxygen delivery
to ischemic brain cells.

4. Timing of resuscitation interventions

An additional consideration is the timing and sequence of
advanced airway interventions. Airway interventions represent
only a fraction of numerous time-dependent interventions nec-
essary during OHCA resuscitation, including delivery of chest
compressions, defibrillation, obtaining intravenous or intraosseous
access, and administering antiarrhythmic and vasoactive medi-
cations. An interaction may  exist between the relative timing of
advanced airway management and other interventions that could
independently influence OHCA outcomes (Fig. 3). For example,
Weisfeldt et al. postulated that three phases of cardiac arrest
exist, each with differing pathophysiology: (1) the electrical phase,
(2) the circulatory phase, and (3) the metabolic phase [18]. Dur-
ing the early electrical phase, immediate defibrillation may be
preferable over airway management in patients with ventricu-
lar dysrhythmia. Conversely, during the later circulatory phase,
advanced airway management may  have a stronger influence on
outcomes by enhancing oxygen delivery. In the final metabolic
phase, interventions that reduce reperfusion injury, such as thera-
peutic hypothermia, may  be more critical.

The notion of airway timing impacting OHCA outcomes is plau-
sible. Bobrow et al. observed higher OHCA survival when advanced
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