Resuscitation 93 (2015) 124-127

Contents lists available at ScienceDirect

Resuscitation

EUROPEAN
' RESUSCITATION
COUNCIL

journal homepage: www.elsevier.com/locate/resuscitation

Commentary and concepts

Mechanisms linking advanced airway management and cardiac arrest

outcomes™

Justin L. Benoit?, David K. Prince®, Henry E. Wang “*

@ CrossMark

a University of Cincinnati, Department of Emergency Medicine, 231 Albert Sabin Way, PO Box 670769, Cincinnati, OH 45267-0769, USA
b University of Washington, Department of Biostatistics, F-600, Health Sciences Building, Box 357232, Seattle, WA 98195-7232, USA
¢ University of Alabama School of Medicine, Department of Emergency Medicine, 619 19th Street South, OHB 251, Birmingham, AL 35249, USA

ARTICLE INFO ABSTRACT

Article history:
Received 14 May 2015
Accepted 4 June 2015

Keywords:

Intubation (intratracheal)
Laryngeal tube
Cardiopulmonary resuscitation
Mechanisms

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.


dx.doi.org/10.1016/j.resuscitation.2015.06.005
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2015.06.005&domain=pdf
mailto:hwang@uabmc.edu
dx.doi.org/10.1016/j.resuscitation.2015.06.005

J.L. Benoit et al. / Resuscitation 93 (2015) 124-127 125

Optimize Cellular
Metabolism, Improve
Oxygenation,
Decrease Hypercarbia

OHCA
OUTCOMES

Control of

—> Oxygenation and —|
Ventilation

Advanced
Airway —
Management

N A|rway

Protection

Prevent Gastric
Insufflation and
Aspiration

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-
pressioninterruptions 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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Fig. 2. Conceptual model of mechanisms linking advanced airway management with adverse events, clinical effects and cardiac arrest outcomes. OHCA = out-of-hospital

cardiac arrest.

airway management was delayed in favor of early chest compres-
sions and intravenous drugs [ 19]. However, select studies that have
directly address intubation timing found better outcomes with
early airway interventions [20].

5. Scientific and clinical implications

This conceptual model has important scientific and clinical
implications. Our current understanding of the connection between
advanced airway management and OHCA outcomes is based upon
observational data, which have inherent limitations because the
fundamental study design does not control for confounding vari-
ables. Even after statistical adjustment, the potential for unknown
and unmeasured confounders remains. Investigators in the United
Kingdom and United States are currently planning large random-
ized controlled trials to help identify the best OHCA advanced
airway management approach. The UK AIRWAYS-2 study (www.
isrctn.com ISRCTN08256118) will randomize 9000 adult OHCA
patients to ETI or i-gel. The US Pragmatic Airway Resuscitation
Trial (PART—www.clinicaltrials.gov NCT02419573) will randomize
3000 patients to ETI or King-LT. An understanding of the mecha-
nisms linking advanced airway management with OHCA outcomes

Time when airway
becomes the highest
priority intervention

OHCA Outcomes

is essential to help guide the interpretation of the results of these
trials. For example, if the trials should discover that differences
in OHCA outcomes between advanced airway devices are due to
differences in rates of hyperventilation, then the correct interven-
tion may involve measures to control ventilation—not a change in
airway device.

Assuming the validity of this concept, an important corollary is
that we must develop new techniques and technologies to measure
important physiologic parameters central to these mechanisms. For
example, while it may be feasible to measure carotid blood flow
in a porcine bench model as done by Segal et al., this goal is far
more challenging in the clinical environment. Attention must also
focus on innovative ways to analyze existing mechanistic data. For
example, studies of CPR chest compression fraction have used a
range of numerical approaches with varying inclusion criteria and
analytic time frames [11]. Other novel chest compression metrics
such as peri-shock pause and chest compression segment length
may merit additional investigation [12]. While hyperventilation
has been identified as harmful in OHCA, there have been few efforts
to standardize its definition or detection methods [14].

Our conceptual model presents a simplified framework link-
ing advanced airway management and OHCA outcomes. In reality,
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Fig. 3. Conceptual model of the time-dependent benefit of advanced airway management relative to other cardiac arrest interventions. Depicts a hypothetical survival curve
for patients with and without an advanced airway intervention as a function of elapsed time. OHCA = out-of-hospital cardiac arrest.
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multiple physiologic factors likely interact simultaneously, with
outcomes dependent upon the trade-offs between competing
risks and benefits. For example, as highlighted earlier, the
benefits of early airway control and oxygen delivery may be
outweighed by the risks of delayed defibrillation. Risks and ben-
efits may also combine synergistically. For example, concomitant
hyperventilation and highly interrupted CPR could cause multi-
plicative harm. Future scientific efforts must account for these
interactions.

While our conceptual model focuses upon potential benefits
and harms of advanced airway techniques, an important addi-
tional consideration is airway management by a BVM-only strategy.
Observational series have associated BVM-only with increased
OHCA survival compared with advanced airway techniques [2,3].
Our conceptual model can reasonably accommodate evaluations
of a BVM-only strategy, as this technique may have similar
technical and cognitive errors linked to loss of chest compres-
sion or ventilation control, balanced by a potentially different
proportion of benefits. As future clinical trials evaluate airway
management by BVM-only, similar consideration must be given
to studying the inherent physiologic mechanisms. Only in this
way can we strive to optimally target airway interventions to
the specific pathophysiologic cohorts most likely to see bene-
fit.

6. Conclusions

We provide a conceptual model identifying potential mecha-
nisms linking advanced airway management with OHCA outcomes.
Prospective study is required to evaluate and validate these
postulated mechanisms. Scientists and clinicians must strive to
understand these processes to best guide scientific research and
clinical care.

Funding

Benoit: RF2015-001 from the Society for Academic Emergency
Medicine Foundation (SAEMF). Prince: UH2-HL125163 from the
National Heart, Lung and Blood Institute (NHLBI). Wang: UH2-
HL125163 from the National Heart, Lung and Blood Institute
(NHLBI).

Conflict of interest statement

The authors have no conflict of interest to disclose.

References

[1]. DeLeo BC. Endotracheal intubation by rescue squad personnel. Heart Lung

1977;6:851-4.

McMullan ], Gerecht R, Bonomo J, et al. Airway management and out-of-hospital

cardiac arrest outcome in the CARES registry. Resuscitation 2014;85:617-22.

[3]. Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of prehospital advanced

airway management with neurologic outcome and survival in patients with out-

of-hospital cardiac arrest. JAMA 2013;309:257-66.

Fouche PF, Simpson PM, Bendall J, Thomas RE, Cone DC, Doi SA. Airways in out-

of-hospital cardiac arrest: systematic review and meta-analysis. Prehosp Emerg

Care 2014;18:244-56.

[5]. West ]JB, West JB. Pulmonary pathophysiology: the essentials. 8th ed. Philadel-

phia, PA: Wolters Kluwer Health/Lippincott Williams & Wilkins; 2013. p. 183.

DiBardino DM, Wunderink RG. Aspiration pneumonia: a review of modern

trends. J Crit Care 2015;30:40-8.

[7]. Jones JH, Murphy MP, Dickson RL, Somerville GG, Brizendine EJ. Emergency

physician-verified out-of-hospital intubation: miss rates by paramedics. Acad

Emerg Med 2004;11:707-9.

Studnek]R, Thestrup L, Vandeventer S, et al. The association between prehospital

endotracheal intubation attempts and survival to hospital discharge among out-

of-hospital cardiac arrest patients. Acad Emerg Med 2010;17:918-25.

Ostermayer DG, Gausche-Hill M. Supraglottic airways: the history and current

state of prehospital airway adjuncts. Prehosp Emerg Care 2014;18:106-15.

[10]. Park SH, Han SH, Do SH, Kim JW, Kim JH. The influence of head and neck position
on the oropharyngeal leak pressure and cuff position of three supraglottic airway
devices. Anesth Analg 2009;108:112-7.

[11].Wang HE, Simeone S], Weaver MD, Callaway CW. Interruptions in cardiopul-
monary resuscitation from paramedic endotracheal intubation. Ann Emerg Med
2009;54, 645.e1-52.e1.

[12]. Cheskes S, Schmicker RH, Verbeek PR, et al. The impact of peri-shock pause on
survival from out-of-hospital shockable cardiac arrest during the resuscitation
outcomes consortium PRIMED trial. Resuscitation 2014;85:336-42.

[13]. Davis DP, Hoyt DB, Ochs M, et al. The effect of paramedic rapid sequence intu-
bation on outcome in patients with severe traumatic brain injury. ] Trauma
2003;54:444-53.

[14]. Gaither JB, Spaite DW, Bobrow BJ, et al. Balancing the potential risks and
benefits of out-of-hospital intubation in traumatic brain injury: the intuba-
tion/hyperventilation effect. Ann Emerg Med 2012;60:732-6.

[15]. Aufderheide TP, Sigurdsson G, Pirrallo RG, et al. Hyperventilation-
induced hypotension during cardiopulmonary resuscitation. Circulation
2004;109:1960-5.

[16].Kilgannon JH, Jones AE, Shapiro NI, et al. Association between arterial hyper-
oxia following resuscitation from cardiac arrest and in-hospital mortality. JAMA
2010;303:2165-71.

[17].Segal N, Yannopoulos D, Mahoney BD, et al. Impairment of carotid artery blood
flow by supraglottic airway use in a swine model of cardiac arrest. Resuscitation
2012;83:1025-30.

[18]. Weisfeldt ML, Becker LB. Resuscitation after cardiac arrest: a 3-phase time-
sensitive model. JAMA 2002;288:3035-8.

[19].Bobrow BJ, Clark LL, Ewy GA, et al. Minimally interrupted cardiac resuscita-
tion by emergency medical services for out-of-hospital cardiac arrest. JAMA
2008;299:1158-65.

[20].Shy BD, Rea TD, Becker LJ, Eisenberg MS. Time to intubation and survival in
prehospital cardiac arrest. Prehosp Emerg Care 2004;8:394-9.

[21].Benoit JL, Gerecht RB, Steuerwald MT, McMullan JT. Endotracheal intubation
versus supraglottic airway placement in out-of-hospital cardiac arrest: a meta-
analysis. Resuscitation 2015;93:20-6.

12].

[4].

[6].

[8].

[9].


http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0105
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0110
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0115
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0120
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0125
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0130
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0135
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0140
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0145
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0150
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0155
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0160
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0165
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0170
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0175
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0180
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0185
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0190
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0195
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0200
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205
http://refhub.elsevier.com/S0300-9572(15)00249-X/sbref0205

	Mechanisms linking advanced airway management and cardiac arrest outcomes
	1 Introduction
	2 Benefits of advanced airway management
	2.1 Control of oxygenation and ventilation
	2.2 Airway protection

	3 Potential harmful mechanisms of advanced airway management
	3.1 Technical errors
	3.2 Cognitive errors
	3.3 Anatomic effects

	4 Timing of resuscitation interventions
	5 Scientific and clinical implications
	6 Conclusions
	Funding
	Conflict of interest statement
	References


